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EXPERIMENTAL BENZENE INTOXICATION

I. INTRODUCTION

Occupat ional diseases have been wi th us for several centuries , but

the problem of industrial toxicity has increased marked ly since the

i n d u s t r i a l  r e v o l u t i o n  and r e c e n t l y ,  in the pos twar era , espec ia l ly in the

p las tics industry , where large quantities of benzene were being used as

starting material for chemical synthesis.

The American  Conference of Governmental Indu strial Hygien ists has

reconunended tha t  workers  not  be exposed to atmosp he r i c  leve ls of be nzene

exceeding  25 ppm, while NIOSH suggests that exposure should not exceed 10

ppm as a time—we ighted average of a 10—hour day or 40—hour work week ,

with no exposure exceeding 25 ppm.

The incidence of acute toxicity is low but can under conditions of

stress be fatal. The most important effect of chronic exposure to

benzene is depression of bone marrow . Both acute and chronic benzene

exposure result in changes in the blood , central nervous system (CNS),

vascula r  f u n c t i o n , and l iver , kidney and lung func t ions . Add i t iona l ly ,

there is evidence to show that benzene causes birth defects and loss in

bod y weight in experimental animals,

The symp toms of acute and chronic benzene toxicity are different .

While benzene itself appears to cause acute toxicity, its metabolites

appear to p lay an essential role in chronic toxicity.

Experimenta l evidence in animals suggests that , barring cases of

hypersensi tiv ity, there is in all likelihood a relationship be tween age ,

sex , rou te of adminis tration , dose , duration of exposure , and the degree

of severity of the toxic effects of benzene in various species. Thus ,

each of the above parameters becomes important in the in vitro testing

system (1).

II
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to benz~’ne t o x i c  it s ’ , t h a n  w, ru t he  s t em c e l l s , (c o lo n v— t o rt n i n g  c e l l s ,
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However , Uyeki et al. (9) have recently shown tha t mice exposed to

benzene vapors (4680 ppm for 8 hours) show a significan t dep letion of the

CFC of the bone marrow 24 hours following exposure , indica ting that the

precursor cell s of the hemic cell renewal sy stem are sensi tive to benzene

inhalation in mice .

3. Immunologic Response — None reported.

4. Central Nervous System (CNS) Effects

The narco t ic threshold concentration for labora tory anima ls is about

4000 ppm . Concentrations above 10,000 ppm result in death within a short

time. For examp le, rabbits exposed to 35,000—45,000 ppm of benzen e

developed light anesthetic reactions at 3.7 minutem , (mm ) followed by

excitation and tremors (5.0 m m ) , loss of pap illa ry reflex to light (6.5

m m ) , loss of blinking reflex to tactual stimuli (11.4 mm ), pap i l l a ry

con t r ac t ion  ( 12 mm ), involuntary blinking (15.6 mm ), and death (38.2

m m )  ( 10) .  Low doses (0 . 1  mg) g iven iv r e su l t ed  in excitation , severe

hemo ly sis , and death (ii). - ‘

Gerard e (2 )  no ted t ha t  e f f e c t s  such a brea th le s sness , nervous

irri tability, and unsteady gait may persist for a period of 2—3 weeks.

Oral l y, benzene was more toxic to 14—day—old rats and young adults

than to older males. The oral LD50
’s for the newborn , young , and adult

male rats were 1.0, 3.8, and 5.6 mg/kg , respec tive ly (12). Higher doses

resulted in paralysis (hind limb), petechial bleeding (urinary tract ,

eyes , nose), and m ild , acute gastritis accompanied by stri pp ing of

ep ithelial cells of the stomach lining (2, 13).

5. Behavioral Effec ts — See CNS Effects.
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Ai os it lieu’ Pit 111,10’ l I t  w it i .‘li t hit ’ pt s u ’ t  pit s ’o ’ su I Ii I s~ti.t Ivtuip t ts icv  C s ’s Wt ’t ~s ’ ost itt iui Li t t ’sh

Is v pbs’ t oltt ’iitstgg I tat t u p i it Plh\ t ’xpt iss ’d Is i Iu s ’it ,’, s ’ i ts ’ I s ’I ’ I’ ”  I ts i l l  t 5 t ’ s ’ s t i l t  s~si i ti

h”~iI Ii i t t l lO t t ’t ’ i,’:t l su It1 051 t’ti.’ t  nt ’ ,ii ,i 1 [ t ’u ’ :lt i Ot is I It s’lt i’ oiiut u,s s s uuus ’ pt  I, ,‘S ‘I — lii ( i t  is

St  t it i p’ , PI i t t ’ I ip ls ” i s ly wa ot st ’ V t ’il I Liut ’S t u s h ’ s’ I I’ t ’ t l k l s ’ I l (  i t O  I t ’ t ’s l (  S’si OIl I t t i l ’ , ’S  • ailsi

,‘i tt s itti s i SstItO.l I ii 1 (511.5 W et ’ s ’ ist’s ’ ti  i i i  I I ‘ -- s i t  ( I t s ’ I u s ’ . i t  ,‘th s i ’ I I,; p i p ;  s ’ su ui uhi,’au ’ s ’t I wit It

s u t ( l i t ’ cent  u’ s ’ I s.

lit tulle s i t  Ito r sI ut iv u t  wiu u s - I t  t a t  is we i’ s ’ i i i  I ‘s (s s i ~;s ’ I ‘ iou - kg ~. i t ti

i~s ’io~ t ’ l t i ’ , s ’ltrtulit:l t Id lu u’ t ’ p i k p ;  sau t .I ga~is w e i - s 5 s itu s s ’ t ’ v i ’sI s it I l  itt,I ‘‘ u l i sii i i’ P; i i i

O s ’ I 1-s u t  t it i ’ bouts ’  iutpii ’i’ ,’W

S u its ’ s ’ i III’ siiuusil u d ~~i1u is ai’ 5 ’ 1 u I I i ct l  I t  Ie ~ut  s ’ i ’ h u t s ’ t lu ,’, Iii t I~e ii u a t ’ i s

V~~ l i, $ 1  g it I I i s ’ s l i t t  ho ’ w i t  ii I Itt ’ u l o t  ‘t ’p u s ’ f i ’ u sl u s h  ( lit ’ P s ’ ’ i’a 1 :1 1 I t i l l  • t i it ~ i I’

Itt. ’ I u p s  t ,tii S i p ;  s’lt I’sitiitiisoltipl I ,lli t ’t’ I i t  i s bl lS i i  PS h i s ’ u ’II t i i it ’~ s t  i s t I l s ’ t I - I”t il t ’xaluuli I ’  u t

t ilt ’ $t univ w lt ,’t ’ e ( i i Iu is ’i~s ’ t a ’ p s t ~ ’sI s’iuil t u i  Ii ; w , ’ t ’ t ’ u isa ’~I t_ hi , ; l c , t i  P I ut ’s ait t

lii,’ 1 ,SlSt ’ ot i l l  t l i , ’i’ t ’ ,it i s ino; we l’ s ’ ,I Ipts i I s it l i l t i t r i  t his ’ t ’tiit l I s i l s  • iiti I h i s ’

I 
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ht,’tizt’nt’ ‘—t t e a t  ,~,l att il itS I 15 it t  thi is  group shtowt~d a gu’( ’s I t  s ’r nutuul) t’r c i t  b t’ea ks

tItan gaps as abe r rat i otts - Exi’htattge I i gut’o s , i - e • , r lug I pit’ iuts

trans 1 oc s i t  ions , and d i  cent r I i’s , wlt i cit Fe stilt I rout sib nou’msi 1 ropsi I r alt t ’ r

breakage , we re rare ly 5s ’ s ’It .

[0. The ’cul;t r S i t s ’ m ’lit ’ Thxic it1

DNA ,S ,nt,hes is. t’l.it ’ou cli h i t  siiid Speck (8) iri j t ’c t~ d rabb i t’s W i t  Ii S I rig is ’

doss’s (1 tttg/ kg I of puts ’ bt ’ iozs ’uts ’ siutd touitd that DNA—synthesis in hont’

tOIilt ’ t ’OW ce I l ,’ ip; 55’V t ’i’s’ ly i lilt ih i t  ed at lIt iou those -

S~~iuis ’ I uiv~- s t t gsl t s irs  Its ivi ’ used i lls s i r po r s a  I l ott s i t  14 
C— iltyuu i d i  u~s’ t ’s Lo

( i t t ’ i1(lv ’ I s ’t is s itu a flit ’SlS ti re s i t  DNA s y  nt lies j o ; . by I, It is t o,,’ hit I quo zt siec r es i s t ’

it’s I)NA is y t o t  l ies I was  (ht ’tt itutus t, t- ,i t ed  ill Iltuit isiti h vmp li uc y f e - s  and 1k’ La s ’ , ’ 1 Is

i. 2b , 11)  in c u l t u r e ,  to  11 owing bri e e xp,uS U rs’s to 511151 II doss ’s 1, 1 . I or 2 . 2

x 10 
3
M) o t  bs’ Ip’zt ’t’ls’. m i t  iii it t O il ~b t  DNA it y itt ltt ’os is tius ’at ls that hit ’tI’Leils ’ i i’S

S iv  t i tug si ps ;t ‘‘mit ot Ic 1)0 I

RNA and Protei t Synthesis

Pol yribosolotes . In v iv o  and in vitr o stud i s’s oIl rat liv er

po ly r  iho ssrnueo ; pi t t s l  ssi I tub Is ’ RNA sy ut ito s is sltowt’sl that si ng le ,Iost’s o I

benz&’ne (hi. i2 —5 . b I mM) g iv en i p pro dtlct’d 1,31 , 12 ) :

a. I nl~ i b it ion ot  in V it ro p [‘ si to u t  sv itt lu’s is i l l  t lie po lyr i hosom~’s

h. I)isaggrt’gsu t ion ot l i v e r psi ly r ibosonit’s wit It t ibosoma 1 monomer and
d iniers and ap pea r a n c e  t i l s l i t  interut(’diate peak l’sot found iii
contro is

c - [nit ib i t  i OIl  ( iL iu t ( ’ o r pou ’ s t t  1 01’s s hl [abe led RN,~ pi’ectut’sor I ut ~i

po lv r ib osoittes but not j I l t  ~i tot  a I Ito pa t i c  RNA

.1. An inc roast’ il-i so Iuh he (45)  RNA (11 , 3 2 ) .

‘l’lit’ on’ oh s e r v a  t ions WO l’ s ’ m t  erp i’s ’ ted to mean that t ho pi ’ ima t ’ v I sux ic

sic t i oui of  h~ n ’i t ’nt ’ is at t rans I at I till and t h a t  t l t e  do Is’~’ t ~ l~”~
’ i t  it-a l  Iv $

at the I t ’ Vt ’ I of ’ the r lb OsOilit’ as  soc SI It’d Wi t lt  i n  RNA , tt ame I y t1t~ I nh I Ii i~ ion

ot in it i si t ion s i t - syttt lte S is  -

I
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Othter st tusi i s ’S t h a t  stipp sit ’ I Ills ’ .ulisivt’ s i l i tus ’ l ’ Vs l  I i ou  s i t ’ s’ t htsis t’ s i t  I,es ’ i- I

a I. 1, ‘ ) 
• ~~ tsi I ,nuitd dec rt ’s ised 

‘ Fe t iti’s~ t ’ pors i  I lOl l  i it t si 11151(1 Si ’ t it i n, ’ lu s t u ’ I siW

a I tot’ h t ’t t s~ s ’ t t . ’ i uoj t’c t i srit ( 5, - ) , s tugge s t  i rig t ha I t i t ’nz s ’Ite s i t  I t’c t o ;  Its ’iuu, ’

s y n t h e s i s , wh ich  is ilt ’ s’ t ’ ss , l I ’ V I,)r (l it ’ I ni t i s l I  l O t I  s i t  S’i’ I O ( I l s ’s i ,is s i l  i t l thS t  • i i

not :1 11 , p rots ’ j uts  • llt ’rni up 1, il) uuoM) w a s  I ottItLI t s i  p i~&’ v t ’ t t t  bs~i tzs ’ne— I IOt l ( IL ’ t’ sl

ite’uois’ jill u ib it i ot t i t i u-abb it attd it tuitoan u’ s’ I i ,‘u I s ic 0 _ I s ’s  ( 3 1) , s itts l Iit ’il ’ ,‘ u u , ’

t ’ I Is ’.’ Is Wt ’i’t ’ 1 0111111 Is ’ b ’  ,‘lSiss i,,’ I :ttt’sl with ~ovoI’s iii Is ’ s ’ s i ti’s’ s ’i’S sii t c it

po lvi- ibosouoit’s of suui:i l let ’ Plg g u- s ’ g s l l s ’s  , I)i’e,Istito i ut slu t t Iv t uis i utoi ’ thi s iSO t tos ’o ’ S

~~~~~~y i tt l t t’s is  • I” rs ’edmzu t ’s s’ t st I . ( I.e ) s t  tud I s’ sl h its , l iPs ’ sirpsi i’ :l t i till ci I

l_ 2_ 1
~~~

: g lvc iute and L— 1
~~C leus ’ I lls ’ i i t t s ’ t ’abb It r e t  icu l tic \- Is’s o s t u i s j i t ’ t i s i s ’ s i

i tt itts ’d i a ,-o~~t a i ut u ttg h t ’t t ; ’. one 0 . I 1 3 — ‘ I ’ ht s ’v I s iuutt l .1 ‘
~I)’~- I tthi I Ii it  i tilt in

inco rpors i t  I sin 0 1 hot hi pro,’ u l rss ii’ 5 - Wh oup e — I ~~ 
~~~~ ~~5 i “V I I  I so I s~ .uc ud 1, A I,A

was used , no i iilt ib i t  ion was Oli tei’Vs ’si. S u p , ’,’ A L/t iOlt ’, l St iIi’ pS Ils ’itis ’ s \ ’ it l  I ts ’s i s

-~ lue v tirith AL~ s vuti Its ’ t as.’ , [lie pint  h tt iu s ,‘ ,i~~ ,’ I u,Is ’,l I l o p i t his ’ut .p ,’i t s ’ tt lt iii i t  s Its ’iiit’

sv itt lios is at cii - he I siu ’s ’ t lt j o t  s ’ut:~v too pt t  i, s t e p .

ALA— S y nt h e ta s s’. A l . A — s v u t t l t s ’ t a s e  p I~ io’ is a ks ’p’ is i Is~ i t t  s ’ t \ ’ t lii’ t i p s i t s ’os i s .

Levers’ and Ci dar 1 I’s) st u~~ ooar u ,~ s’sl I Its ’ s l a t  s t s how i to c ,  t It:tt ,‘ u ’ o ’ I Iii’ opo i s ’ t i t o

solId , B—Il s t s ’t ’si ids s t  iuo o i i la te s ’t ’ v t l t i ’s ps i i s ’s is , lit ’iuu,’ purist g l sili i t t  s v i o t  Its ’s i s  i t o

h ,iupt’ n t s t r i’ow ce u s  by u ui sln~ i tlg Alas so’ t t t  i t s ’ I to ;,’. Res ’ s ’t lt  I v  Cl , i s s  s ’t .u I -

(3 b ),  using niur i uot ’ bouts ’ luosur Fs)W s’rv t l trc i  i~ I hr , 5 .’ u i rsou ’ s , litiws ’,I t hi ,i

.‘i ’ y I b ropo it ’ t ill st bunt [ s i t u ’s ALA so - utt  I ts ~ 1 Pus ’s’ ansi Items’ so’ it t Ite s is he I s u i  s - t I

st imu I pi ts ’s g I ,‘sh in s y t t t  lit ’s  t s - I t  wsu s ~i I ssP sllowul (hi p a t hit ’tuis ’ SF11 1 hit ’ si  -s W a S

max ima l in t lte s ’Sli ’ l it ’s t  pi’ s ’ .’ t l t ’ ss it ’  s,’o l  Is ’ 511111 sis~,~t~s5 l S s~tI w i t h .- ‘ ll utah u i t ’ i t v ,

wIt i I e g I oh in synt lit ’s is I t t ,’ i’es ls s ’d W I  (Ii Os ’ 1 1 iuus i ( ii i ’ i t  V

It is P°~~ 
iii pi t t ’ti t It sit li(’ilS s ’ t O i ’ , liv Sit ’ 1 itg sill 01’ be t , it’ s ’ A l A  s o ’ t t (  lts ’t  p u ss ’

pt’ s ’v(’nt 5 l It  i t h a t  i tili s it  IIs ’ iiIs ’ sy t it  lit’s is SitI s i  .is ’1’ rt ’ss  Is i l u 01 his ’uuui ’ -c , i iut u s i 1 is ’sI

rep t’ i’ Pt s c i r  (11CR) , wIt i cli i t t  t t u  rut SI tO Itt ’c epo ;  s i l O ’  I sit’ g I oh iii ‘ V  t l t  I ts ’ O t I s  Stilti

e r y tlt r opo is ’s i  S -

1
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1

Ap lastic Anemia and lleiote Synt ltt’ sio ’. 
~t is bel iev ed that very ear ly

i nit lb ition of hone mat’row p recursor;; leads to the dove Iopment cit st~ - l s o s t  I ~
-

stnomi a. Sinc e ALA sy u’st heta  so is tlts ’ ra te  limit i ng enzyme , it a long Wit it

ot h er enzymes in t ite pathway will itave to be i rib lb i ted. Robinson and

CI imenko (37) exposed rabbits to a 11011 t at s I  1 dose o f  benzs’ne and re.’sir,led

a C once ut rsa t l out of benz one in the RBC c i t  up to  25—30 ung / 100 ito 1 s i t  b I s isid -

On t ile has i s of’ a 20—ft, Id inc i- ea se in concent r a t  ion , a va h u e  5u f ~00—u00

mgi lOt) I would be expec ted for  t h e  marrow . In the in v i t r o  rs ’t  Cu I OC V  (s-

s t  us] i s’tu ( 33 ’ 3 4 ),  s’si ns ’,’n I rsI I ions of 438 mg/ 100 ml were  tused

Cotlct’ iva b ly , t hless ’ St u d ie s  re t’ [ec ted wltat occurs in v i vo  in humans.

‘I’he s t  ttd i5 ’s do so r  lb ed above to late to ac u to benzen5’ expossi ro , and

most c;uses o f  ap las t  ic aneniia si rs ’ caused by pro longed exposu re .

Furtlie rmore th ese stud ls’S do not take i r i t s )  accot unt tile ROSS ib Is,’ s ’ f Icc ts

c i t  ottv i t’onuitenta I po I In t tints s ucit as a to  olto I anti least , wlt i cli j ttli lb it Items ’

and p ro te  in sy n tites is  in ret ic u l oc y t s’s ( 3 8 — 4 2 )  and cause a siderob last ic

auto mi .1 in Iiunoans (4 3 , 44 ) - Itt cu It u i’e s si t i’abh I t 1 epic ocv to s , 1 e ad a 1 so

p roduces  po lyr ibosoina 1 11 i sag g r eg at  j ol t , ~~ i lob is rove rst ’d sir p revents ’s! by

itemi n (39)  sund I oruosut i out o f  11C R , wit i clt in t u r n  b lock  in it i sit b i t  s i t

[ i r o t s -’ ill synthes is (45) .

Home Synthesis and Cyc lic AMP. In intac t i’et i c u h o c yt s ’s in vitro ,

ep inep hrine (10 
S
M), teoplty ll in e (10 

4
M) and dibut yry l cyclic-AMP

(10~~~ t) all e levate cyclic—AMP c o nc e n t t ’ s t t  ions wit h in sine mi nute of’

incubation. ‘l’htese results su gges t that rs’ t i c u lo c v t es  c o n t z t i n  adeny 1

cyc la st’ and ph osphod iesterase systs’ms ( 3b ) - Benzs’ne it SO If dos ’s not

citange the cyclic AMP levels in tlte cells , but wlten i t is admit ’sist eres i

pm long w i t  It e it hot’ of this’ ~ab ove compounds , it st imtu Ia to s c s’ l b  c AMI’ att.1

prevents Iteme aitd pro ts’in inhibition.

‘h’lt i s means tlta I in intaC t to I i Cu [00 y to $ , CYC [Ic —AMP e I evst  t i ’s  bt’tt ~~s ’iis ’

i nit lb u t i on ,i i lteme svitt Its’s is wll iclt tllett a 1 l s)WS t tlst c t ivat ion s it

Iteine—con t ro 11 s’d rt ’p res so r, thus permit t i ng norma I pr o to  i t t  s y t u t  h a ’ 5 i s.

I
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Furtltet’ inVest i gal I ott into t ite rt’ lati on slt ips of  iteme synthis ’  S i  S

cv5’ Ii c—AMP , and p~ r I dox i no me t ab o  1 ism might prove to be 1)1 therapeu t i c

va inc in tI lt ’ t rea tment  of  benzene hemzttotox Ic ity -

It ntsust be empltsu sized that tlte above in vitro findings in autima h

Cs ’ I Is caut utot b5 ’ d i re.’ t lv extrapolated to occupationa l exposure

s ituat  j ou ps .  However,  it should be noted t itat  tlte rabb it ret icu l ocy te ,

wit ich is ex tt ’ns ive Iv used as Pt Inods ’ 1 of  luemo g lob in syn tlt es  is , has proven

s’x t z’em ’ Iv uuse (i i i in t h u s ’ I dent if ica t ion of agents toxic to humans ( 31,) -

11. Embryonic and ‘l’eratogeu’sic Effects

Wsi t st itabe ,,‘t a l  - (+7) lnjec ted pregnant mice sc witlt sing le doses s it

benzene (3 mg/kg) on day s 11— 15 of  gestation . ‘l’Ite fetuses , delivered by

cesari art Ss’C lion on slay’ 19 c i t  ges  1st Ii Oil y sitowed anomalies ci I’ the pa 1p m to

and jaw 5 lncreast’d mate rtta I body we igltt ;tnd dec r,’asod mats’rna 1 WBC coutt t

wet’s’ noted iut dams wi tlt and w i titotut uooa lforuoied I’,’tuss’s -

12. Me tabo lisnu in Animals

in v ivo Ms’t aho 11 sm. Few itivos t i gal ions on benzs’ne t o x ic  it y li lVo lye

t his ’ ~ so ol spec i5 ’s ot lts’r t Itai ’s I Ito t’smbb It • i- st t , mostss’ and dog . Regai’d less

of thi s ’ 1’ou to of sodmi ii is t t ’ s t t  lout , benzs’ns’ is e Ii mita It’d both in the exp ired

air and in the urine

Wi II lam and li is co—workers found thtat 21 ~ - of  so doss ’ of  beutzs ’ute g iven

p,i to rabh i t s  was ex c  rs ’ ted main lv s i t ; pltetto is ( plieno 1 • c a tec hto I , qu m l
ansI Ity du’oxyq 11 1110 1) stud a sina i 1 anxiiutl t SuS t t ’ ;iItS — t  o ’at iS —miacon ic .‘lC id

aton aromat ic mater ía I) (“+8) - Tito s’xc  re ted pltenci 1 s wet’s’ con ] uga ted ,‘ i tIter
,‘us g lucuron ides or as s’tltt’reii I sti l f a t e s  ( 4 9 ) .  Over 9 o f  t lte phetto 1 piu s]

~~~ of t be ity dro xvqu i ito 1 , cst tecito 1, and qu i not wo n’ t’ 1 bit i n:u ts’d dii rIng t h i s ’

Ii I’S I two d;uv s - Tlte s’ lim b nat ion o f  Ity droxyqu m a  I was maxima l sin fl it ’

thu u rd day , wh i ch s iigga ’ s It’d that  di hydroxyp ltt ’itsi Is wt’i’e sub ss’q ilent

ox ida t ion prodttc t s of plt&’no Is ;tnd tlia t the t I’ I ltvd roxv p lteno 1 was an s ’vs ’n

4 l a t e r  o x i s i a t i o n  produc t (4 9 ) .

1
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5I. ’ c l a t  ,l I C . it i s i  5 1 11511 01 i t  i t  I yO s l O t s ’ i iit t t t , i  C i s i lOS Wi ’ I s ’ h’ s ’t  t s ’litii’sl W t t s ’It

u ptsl u s ’ ,I.’ t u Vi ’ I:uti t’ ls ’d b~~u t _ ’ ot t~’ Ii s ’ s ,i uiu s ’ ,av ~ i u I .als 1~’. h’ ,ii k s ’ p lu sh Wa 1 1 u .tms ‘~ 1~

.idtut i ii us t  s~ t s . st bout,’ s ’tlt ’ ~~~ L+ ¼ ) . “ tug ~sg l’s ’ )  1 ci i ,it ’f ’  i t  s p a tt i l i s ’s’ s ’P’ s ’ u s d

S • - 5s~ ~~~~~ I f its ’ sls ist ’ .i~ s u ,isl u c i , I s’ t iv i t  v I ut e xp  u us ~s1 ~i II’ , n rt  t i s ’ • l s ’~’ s ’s  • , i r t s i

t i 5 ’di ’ Is sue . l u u this ’ s ’xp  ti e d .u t u • -*  . wsi p ; u s ’ ,’ s ’v t ’ I 5 ’ si . u s  u u a t s ’ h i s u u t g s ’ sl l’~’ s u . ’ ,’ u u s ’

lus t I - “
‘
~ a s  CO , , wi t Ii t ’ 1 i tut u u i ,a t t out Ii t’g I ut~t u utg I ~

‘ 18 lts iti is .1 t I or

,is hm t  t o a s t  l i t  I s ’it sl its1 s’siut t I nt u t ut g t o t  SOP ’ s ’i ’ ,I 1 si,i’s ’ s .  flit ’ Ut ’ t no s ’ t ’t l t . 1 1  i t s _ si

14 _ 5 ,, s i t  ( I t s ’ t , I s i 10,1. ’ t i v  u I p’ • w it it plts ’i i si 1 u.’ ,‘,iuiuit i u t ~ t5 si 2 . ‘
‘
~ si tod t his ’

i s ’uui ,a u i t s i t ’i s ’ s ’ t O , ;  t sI t t i c  s~ t It\’ sIis is
~1t i t t s ’ uis ’ i, ’i — S’~, , o ,mt  s ,s ’ I is ’ 1 1, ,’

ts’ si rs ix v l i v s I r s~t h u i u  b u t t s ’ t i ) . 
~~-‘~~ 

, ( 1 , - a i l s — I  t ’ p i u u s — u u u u u s ’,iio is ’ , i s ’ I s h  I , ‘ ,,~~ • , i IO t l

hih os ’utv htu us ’i’c_ tpt u iu I ~ ~a~’ t~ i 0. ‘ ‘~~ - . I’it~
, I s ’cs ’l; ,itt ~h lisisli- i s i s u u s ’s  s~ s i u t t  .t i u s ’,1

- I p ) ,. c i t  ( ‘ t o  ,J . ’ ’ ;s ’ ,i uod this ’ hi u i s ’ I

)~ 5 ’ t i : 5 ’ I t s ’ uutet .ali~ih  i situ Io,i- ; ,a I ~;ci I’ s’s’ut sI us1 is ’sI i t t  1 , 1 ( 5 .  ~
‘
c i t t i  ish i .tuisi Rv ,ait

¼ ~ I C , , i P ’ s ’ t 
~
‘ I l t J  s ’ s i s’uis ¼ ~‘S tto.~ L5’,~ ,Lits l I s’iuil sh 1 -‘ ~~~ V Is ’ h sl c i t  PItS ’ i os ’ I i t t  t hus ’

,t t  Ills ’ . ‘0 ,~ c i t  u.4 i u c i t i s i S  s’s’ut uiC ,,i t s’sI , i s  s t ilt ,ut s ’ 5 . I ~
‘ ‘

~ cciii uiC,,It - ‘ II ,I1;

C, 1 su,’ui u cisi u s is ’- ; , ,  uto.i C t ic I s ’ sI  u,s - I s ’ I i s ’ s ’ i’ lts ’ uo ’ ’ h — \ It t ~~~~~ P ’ I s ’ t ’ u t t  ,i~~s ’ s’t

‘ 0  ~ , It i  IC  s i t  I t ,t t s ’ 5 i,~ I P ,‘l’Ss ’ t \ t ~sI Ill . i t o o t  lit~ i st  lisli ¼ ”.’ , I t O  WI t t cli ( i s ’

bi ts ’ t , i t ’ s ’ i t situ is i s  c s ’uuth’ I s ’ t t ’ t’ \ ’  S !u~’iir~
; ¼

lit si ci C, S I r,’ ,i I ~‘d is’ t it 10’- 10 1) tt~~ ~s s ~ I V • 
‘
~~

‘
~ s~¼~ ,‘t (Its ’ ,ls ’Ss ’ W pi 5 ~‘\ ~ ‘ t  I s ’ sh

i t t  I is - L I I I ito ,i’ ; ,m m u  x l  t a t ’ s ’ c i t  i~lts ’t tv  IC , l,ici ui’ si u u i s i s ’S anti Iuh os ’IIV I u ; t i  I t  i t s ’S — P a t s

,i atd ~~t gs s t t c iws ’sI t utu t 1 .ur ut let .ul’ ,,’ 1 a suit . l ’ u  C Chas ~ gs’ .at IiI’ s ’ sI s lui l I u t , i i t t  lv  t ’ X s  l’ s ’ 051
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more severe ly than rats given androgen (81). Converse ly, female rats

tuasculinized by ovariec tomy or testosterone in jec t ions  showed increased

leucocyte counts for the first 30 day s , fo l lowed  by a rap id decrease

thereafter (81). Although I to d id  no t ana lyze his da ta statisticall y,

his experiments and those of others ( 7 5 )  showed unequivocal ly tha t  female

rats were more susceptible to benzene than males. It was suggested that

the greater susceptibility of the female to benzene could be due to the

high affini ty of benzene for fatty tissue (82).

2. Bone Marrow Changes

Hypop lasia. Sc injec tions of vary ing amounts (0.5—3.0 ml) of benzene

(in olive oil) to guinea p igs produced in itial leucocy tosis , fol lowed by

mild leucopenia and granulocytopenia in 6—8 days. These changes were

p rogressive, and animals that survived for 15 days or more deve loped

profound leucopenia and granulocyt openia.  Other ce l lu l a r  changes

included the appearance of “primitive” (Q—cell s of aplas tic anemia) and

giant cells . There was a marked s h i f t  to the l e f t  of the myeloid

elements , suggest ing impairment of cel l  m a t u r a t i o n . Abnormal cytop lasmic

basoph i l i a  was a consp icuou s fea ture  in both myeloid and e r y t h r o i d  c e l l s

-
‘ in the marrow of benzene—treated animals. These abnormalities are

suggestive of a dissociation of nuclear and cy top lasmic growth and

matura t ion , possib ly resu l t ing  from a metabol ic  block to some b iochemica l

leve l (83).

I
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The above observation , coup led with the fact that a lag period of 6

to 8 days is necessary for development of leucopenia , indica ted that the

pr imary e f f e c t of benzene was on the bone marrow (83).  The leucopenia

and granulocy topenia were accounted for by the natura l death of the

circu lating leucocy tes , wh ich were inadequa tely rep lenished by the bone

marrow due to toxic damage by benzene . The resul t s  of th i s  exper iment

were in disagreement with those of Latta and Davies (84), who pos tula ted

that benzene exerts toxic effects primarily on the mature leucocytes in

periphera l blood , and the bone marrow is affec ted secondaril y.

A rapid fall in femoral marrow nuc leated cell counts was also

observed in rats (1 or 2 mg/kg for 3—5 weeks) by Koike et al. (85) and (1

mi/kg for 2 weeks) Gerarde (2). In the latter study , leucopenia and

involution of the spleen and thymus were also noted.

3. Immunologic Response

It has been shown that the complementary potential of native serum is

decreased in rabb its rece iving a sc dose of 0.5 mI/kg of b enzene every

other day for 40 day s (86). In another study, rabb its treated with

benzene lacked the serum complement activity against iv adminis tration of

increasing doses of vaccine (87). These observations suggest that

benzene inh ib its the tissue and humoral factors that contro l the immune

de fense mechanisms. In a th ird experiment in wh ich leucopenia was

induced through sc injection of benzene (0.3—1.0 ml/kg for 5—10 days),

the appearance of the leukoagg lutinin type antibody was noted in the

blood of those rabbits that showed leucocyte counts of 3500 per 1 mitt
3

of blood or less (88). Tikhachek and Frash (89) also noted a

potentiation of the autoimmune process in rabbits injected sc with

benzene.
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I I too I t
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.4 i” t p m ~;lt si l ts 1 Ksii ’ s it i l siv ( 5 ) ~~ ) i u t j a ’ c l e s !  i’a hb I t s  so doi i l ’ s ’  with (b. ’o tum l ,k p s o t

s’tto I s 0t ’ I~— I ws’s’kt; s lt lsi r s l t  s W i  Cli  ‘ toal 1kg I sor “a week is , t It s ’it sis ’ I s ’i’ umm i h ost

C Its’ RNi~ • I lit ’ IC is ! 1011,05 pi tsa  ( l t os ’ , s t l c s ’ i i bm I s ’  — sts ’Itysl rogs’utouss ’ , suits! 1 yiii~t Iist~s su i s ’ I is ’

ac li v  a t v  s o t th is ’ lit ~uost s5 ’rtati t hi  s t t uc l t s ’uuu i s’ :m l iy - I’Ite’s’ so bss ’rvs ’tI a dt ’s’ t s ’ p m ; t ’ i ll

lylnpllsis’v Is ’ s’sitiit t s , sm ds ’pru’s~s l i _O tt  lit RNA svn t h ic ’ s i s , s m u t s !  S sit ’s’ u~~’o ise  ill

st s t i V i t  ‘s’ o I b sit hi s ’ lO :‘,‘muu,’ to

L i v e r .  Iku’s!si ( / I) s’xpsus s ’d rat  us o l  d i t  t s ’i’s ’nt sags ’s ( s t  1001) ppiom s o t

b ’nz5 ’ u m ~’ , 7 hon t ’t; 0 s LSv , 0 s lat ’ s; a week I or b() s t a y s  o ta i s t  I so m a i t s i  sit i j ut s ’ t’ s ’ . i Ss ’

lit ,ir p- t ‘“i— l t ’s’ uli ’ s oxv  I,ai’t s ’ pur ist LJl)l’ — g h t b s - Lll’ oiov l t r ; i it 5 t s ’i~s iss ’ tac t iv i t ’ s ’ . lisit li

out :‘s’ uit5 ’t ; w ,- to  a itvst I vs’ ,t i i i  t u s ’ns’, s ’t ts ’ Ills’ t s ibsu I ismuo . 1)1 It s ’l’ Ii von t ’ l tZ \’ it ts ’

s ’s)itu’t ’t ’ ite,l w i t  It s i_ i l l  pat  a top slo t i v  it v (s it  I t  alt ’ pisis ’u ly It u’ o t i t s  t s ’ F s iS O

p a s l s ’ uo ’ s ’  l u s t i  I C  , i t s ’ k i  t o _ m i t e . siry 1 — s u m  I t  so l  m’ s i a t s l  s ’ ’t ’p is t ’) wonu~ not pt t C s ’,’ t s ’sl .

II t us  I ot_’lt o itt i esl I st i_ id Is ’s slit Ii va’u’ pait,i k I uhbl s ~\’ s l i ce s ;  C i’suiti lua l s~s ’ s ’ x ps o s ; s ’ sh 1,i

~
‘ .a ta t g/ t C s Ot b it s i iu i’ s p a s l p i v C s o r  :~ Wt ’s ’ h i _ O O  s Its ’w OsI uls au tosug s ’ to  t lit ’ u t  i t  o,’It~uio~Iu ’ a m ,

pi at s l lit us wou s rs’ C Ii ’,’ t o  ~I iii uis ’ I o t ’s ’ i t s  i out si I s ims ’ s~ lul ls ’ pitts i l a,’ I t s’ .iC ~s!

:
1 s!s’lty s!rogt’tt stss’ , p lt au ’uouss ’ — b— - plts o us pllsu t s ’ sls ’ l iydrsigs ’ i to i  so , outs! NAI)II ,, Iu’ I r u _ sc  i s~

t’,’uhtt ,’ I- i its’ sic I iv It v — ‘l’Its’ s’ I f oc I  s o t hs ’ u ist s ’u t s ’ suit :1 1 l i _ st l u t e  pltos pIta lOs s ’ WS is

1110,0115 I S t s ’i lI ( 9 
• 9b ,9 7 ) .

I’Itt ’ itt  1 ,- rsuson t sm I uto I xesl t tau t , ’ C, lout six i dot se so V us I~ s ’ltt is su u~s~ I p ut lv i ’ l’s’

ut otu — sIo t ’s~ t I ic out :vtuis ’ 5’s’ S t  s ’itt I lis a t I S ~~~ I ltt st t’ i l’s’ l’t ’spobos lb I~’ I s oF liii ’

~~~‘ t st hu o Ii sun s o C  i u ms m ut ’ s ’ xs ’ttob ao l  i C cOuuli sithilsi s ( 95)  - Ac I iv it p rs’ti sm I Ft ’S

ntsu l s ’.’ Li i_ i t ’  s’ x vgs ’tt outs! NAI)l’lI • wit i ,I t reVs) lvs ’ i’t) ltttt i Si Ss ’ F t s ’S s o t  u ’ s - i t s - I i siit is s i t

s a Its ’ins ’— ,’sitt l a t u t i bt g p r s t t t ’ i i t ,  s~ ’s I ,uu ’I tm ’ otui s ’ i’-a fl) — 51115115 ’S silt i’i’ b t ,S i ’lti’

tot s ’ l su bsi I isni st  i’sut t g iv s t t ggs ’ S C I Itsi l  I Ito t t t l x s ’ ,I I ut , ’ t I suit o x 1  s h t s s ’ ii ; hs ’ut:s ’ a os ’

It’s sIt ’s’ X ’s s h , i s s ’ ( 5~ , 9~ ) Fiat’ t ile i’ sit ’ C a I his s i t  It us u’o Is ’ lit l)t ’ t t p~t’t t s ’ bitt ’ I sil o cl u usmu a

t a t  ox peu ’ ims’ttl si l l i l t  i bt tsi I:; .ar s ’ sI i i s s ’ t t s S u ’s l tinsleo’ ols ’ l i t s ’ I s O X  i s ’ i l ’ s ’ , Ss ’s ’ t  is ’ i t  Ii —

~f . Et It ’ s ’ t S  sori hb s oui V W o i ,g~~t . 0l’~~S i l t s  oun d ‘ii 55115 ’s

LIosl,y_ Wt’l~~,it t  — ‘I’Its ’ l’ s m I s ’ s i t gl’ttw I!t lit u , a t s , i s ; l t t s l i s ’ st l s ’ol b’s h u t ’

I its’ rs’,a ss’ i t t  bs osl ’,’ wi’ I pItt s i t  Ilt s ’ sill Iuius l Is , w:u us lot sI t  C s ’ s’ t s’sI lop ’ lu s ’ t O . ’ ,’ b l s ’

- ‘ s ’xpostut’i’ I t ’ 0 ) .
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5k lii . Cht 0tto gs ’s It t  h i s ’ sk itt Ws ’l ’ s ’ s i uui i i s u i ’  C s o (boss ’ s! oss i’ ib’s. l  t o l  L s o w iitg

pi ost Is’ 0 x ps us i_u E s  ( 2 , I 1)

Fat t y  ‘I’ i s  S S i s ’ 5.  ‘l’Its’ s ’ ft s ’s’ t i s  W s ’ 0’ s’ t Its ’ ussims’ ,‘ms s i eSo r a bs’st t son s t s ’ tat 5 ’

stttdi es (13).

~~~~~~~~~~~ Roil s s ’xpososl  Is) It 1010110 Ion 7 h ost I’S Pt slay I s Ot  91) of  I 2b dpi’s ’ is

s itsowosl pat Ito I og I s’s a I clttungs ’S i t t  t h i s ’ t sung wli i cit no souuoh Is- il t loose ~o t  s’lt i’ s t t t  Is

hrou tcltoptts’tuukon is ( 7 5 ) .

~j~~~u’n. Ni_it’ sk s’ pouts! MeLt Is ’its ( 1 0 1)  oio uss ’ rvs’d su titsir ks’d dos ’ rs ’si so i n

mys ’ l~ o u ul psuns ’t t oity iutst  ansI smut itt5 ’ l’s’oiSi’ in hvnt plisu us !  I IS S  t us ’ t ‘ I I ow I tIp 5 ’ x posst t ’s’

ot rsu I us t o  Sc itt joe I i stl lS 5 01  bonzs’its’ t sir ~3 wet ’k it . I),’ I s~It t t tmui i t  s’ C a 1 — (1’ s

sib s s ’l’ Vs’st 5 1 gut i t  i s’ si utt Itt-mi_is i sis’ r i_ o s is in lus ’itz 0 lit ’ —0 XI) s os t t ’s i u ’.m t us ( II 
~~~~ 

/

ho u rs 01 s i pa~ t ,°i’ 91) o f  h .lto dp i’s ’ ~ ) st us s ’ suat t psio’ t ’sl w i t  Ii c su nt  ro Is.

t’t i Id t us ’phai ’ i t  os , w i t h s,’ s u t iVo  in  ti’s1 C, u t l o sm he :iloulor ’b ul ,a I i t  i s ’’ ; , was

lob m b ld  b~- Nu’~~ors! et ;ii - 10 2 )  I s o I l  sOW ~ tt~ s ’x p t ) S lu r s ’ s o t  rsi t S t O  ho~’it,ss ’ut ~’.

llowevs’r • Ut ’ I s’htnt statn 01 ii t - (7’ ) s’ xpos s ’d rst t s  to v s a u ’ v u ttg t o s ’uo: s ’ lli ’

s’Ot ’tcs ’itl rti l i OllS it ltsi i ts)t s ’sI Iltoi t t ltt ’ k i 5 h m t t ’’s’ S W5 ’l ’ s ’ lts it ’bt i :a 1.

Liv er. S~’ I II  m~g (It) I) C uillttsi 1 s l i t ’ s ’  j i l t i t t  t’ slt I suit, its ’I’tit C i t  Is ; pt t ts l

uts’oros i s  t o  1 Is ’~ ing  beitz ’ns’ i itlu su Ipt ( ion ( 11)1)0 ppno ) in i’p i t  s , b u t  I)t’ is ’ It tO t p am t a O

el it I — 1 7 5 )  tu )statsl live rot s o t  1 .1  is 0 x poss ’s t t o  I I  p~~
t u (s o ho ioot ’tmis a I - Ro,~ s u ’ ,m

s’I ~ 1. (104), who glmvs’ i a t u l u  i t s  los ’n,~,’its ’ h ot  ( I ml su C su h(h ’,, so b i t  s iti 0 10

~i I I) , i ,it ’t t I i t  I 5’d tune t I t utt s u 1 0 htou t tg es Il l  I Its ’ h i  Vt ’ I’ , wit I s’lt I i t s ’\ ’ i ; t b ; ’ ;’, t ’ s I  c~I

WOO’ s ’ i- ts , s, sundou r p to h is ’ la s ’ittstt 0 1 og ls ’ su s h i_ i  t ’ ho p m t t , ’ 0 i’ s ’ si_ i l t u top C i’,iait his - ut  s ’, s ’ t ts ’

sislmttit t i st t’stt I s ol t .

buo door it ts ’ ,,,,,~,r_&olats. I s i t t u t s t ,~ c o l t s ’ ~ ttd i_~ a s’, Ii,’ l i s t  ( 1  0~, ) t t ’e,u ts ’sl i_ i t it w i t  Ii

I m I / k g 0 1  h~’ios~ Ot t O  sist I l y I sit sisi’s is s l t t , t  I s’lttt st buu0r ’ Iu ttso I 5O f ~ I C.l I s’Ii~i ttps ’it i t t

Ilus’ an ts ’ r i or p i t  tail a ry , I by ro i st ,  ( m v  a tt i ms ~ m is t , a s l  i’ -t t : t  I — A;o inc t’ t’ast ’ u t  At ’ h’ l h

p a t o s h -I-Sit p t’suduc I I i_ill WIt S a I so oh, son veil - ‘I’lts ’ ro wst is i Its’ i’s’Pt s~~sl C l i la: I b silt.l I

Os’ I iv it v in the u’s’ t l s  s O t lit,’ is Is’s s i t  l~otltgs ’ rh t ot at s (pouts ’ l’ s ’ a oo~ , t Ito

media II ary u’ s ’ [Is of I Ito oi,Io ’ettst I , atts l I Its ’ I si I i Is ’u t l  or .~s’ II us s o t  I its , I liv ro iii .

Nsuitt’ s o t  Iltess’ ,‘ltait gs’s wa’ no oluo;t ’ t’vs’ sI lo p his ’ I s’ It lilptnl t s’I p a l  . ( / ) .
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01 lii’ r Organs — ‘l’htt’ lts’sa u’ h , Is’s Is ’s , s )VOl t-y ansI p5151 ro 1 t l t e s I  m uts i I t t’as’ I

wo re toorttla I lit i- s i t s  ex poss ’d li_ u hs’itz s’iou’ vapor 1 31 ppm , 7 lts uui rs a i_ Isa ’s’

subc lt ronicaf l y (90 days)  ( 7 5 ) .

9 . Cy to l o g I c  aatsi Cy togt ’ute t ic Citsait ,~~~s

Cluromoss’onia 1 Abt’ rrat  ions. CItt’ ot uts os ouuus l I ,1t)u’Fi ’ Ot  is ’O It S Wt ’l’ s’ sobs s ’ rvs ’s !  in

the hoits ’ marrow of  rat S 1 t t j  i’ s’ Is ’s ! so w it it 1000 sir 21)1)0 ing/k g su t hu’ttz on.’

for 12 day s (30 • lO b). In luotlo sI i_id it’s, Ht’ps , c itromat Ic OHsI i soc ho ro uits m t i s ’

breaks we tO roe surded ott me ta plo siss’ itt mont ’ t lt oa i t 50~ 01  I its ’ s’s ’ l b s  s ’X I lt I i  i its’s! -

10. ‘I’tts’ Molecular Site of Benzens’

Rod ioaut ograp l o l s ’ Measuremu’t t us. Msues u- li 11 it smitsl Sps’ck (5) tiO s ’pt sla i ’ s - si

1 
~ c~ hltyno i d inc in ocr pora I I sito I ill so DNA 0 1 u ’oibb it hone uns ur r s o W C si Ih ow I up

dso l i v  so i i tj oc t  IsotOS ,u f hs ’ bt s ~ t -ioi ’ (0.3 not 1kg / d a y ) for 1 — 9 we s ’kto . ‘I’ht i s

I rs’atmeio t ros t a  1 ted III Ss ’V s ’b ’ s ’ pom fle’y ts)ps’lo ill . hl ypop I sist i s’ it V u’sntps’d I t o rn

m j li_ I to 5 s’ V a ’ i’ S’. Who i t s ’ h I ,t~~si s s ’ l b s  were rs ’ditu’ s’d l i t  ni_ituth ,’ t , zoioul I)NA

synthes is wsu s i nit ib i t s ’s!.

in V ivo Rad i suac I lvi’ I ncsn’ps rat ion. S ittt i 1st t s t  i_ is l loS ws’ r~’ pa ’ u’ f sor uu u s ’si liv

Kiss Ii ti p and Speck (I 07) , wits ’ t o  t h e i its’ or pora t h on st [  
i

l!— t by lii i di tOt ’ aut sl
1
11’-cy t i dine i nt so DNA aitd RNi~ o f  t i l t ’ bone marrow co u s  sot  rabb it us w:a us

meas urt’d to 11 owing benz one adtoo i to is l i_~sit i ott ( 0 .2  ml / kg,’ slav t o n  to—h

week s) - Marked hty p s~’ e ii it I or it y ansi doe nest ss’,l I utc o u’ poroi I I Oh) s O I

radio lobe led p recursors I itsl I i_’p t t s ’d sI jist ttrhouiocs ’ otnsl I loll ih it I suit sit h~~t It DNA

and RNA of bone marrow Ot’l [S.

In Vivo Colony F’ormiut~ Assay . S peck omits! Kiss I h o g  ( I0~ ) use d i t t  I b m

V IV O  Cs) 1 ony — I ormi ng a ss ay  t cohn i quo to itt  tidy I Ito s’ t Is ’,’ I oC h s ’ ltz “ it t ’ out I l l s ’

hemo po j ot  io stem s’t’ u s. A ii igh dsuuo e o f  bs’nzs ’ns’ w as t t us s’sl ( lOt) ittg ,’ k g / s lsm ’ s ’

and tite t room tm&’i-t t WOS ox t~~nds’d oVs’ r 2 weeks. Tits’ ns’stt I Is i ttd i op a l- s’sl t Ito I

tits’ pr itnar y e f fec t su f bs’itzt’uts’ was sun t Ito St  t ’m s’ s’ 11 stuo sl Its) I sitt I lt~’

diff erentiated s- e l i .

I
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I I . Euiuti t ’~
- s i l l _ i ’ tu t u ‘I’s t  oil s o,g,ott t o Et  C s ’ s’ t ti

lii s ’it,’ i’0~
i h Ost Els ’ I i Vt ’ sI t m s tv  , I t ’ b t t , i  it ’ u ,i Is ;  w s - t ,‘ s ’ X ! s _ ’ s s ’ s i  ,‘ s ’ I l (  I i l b i s ’ I t  - - 1 5  I s ’

t) . I — ‘ _‘ t ) ’~ . / I lo mtb o l  i),’ t O , s ’ IOs ’ V , i j O s S t I s O t ’  1 1 ) — i  ‘ 0 
~ij y  ~ l~

’ t s ii 1 5 5 i t l t 1 ’ t  s ’~~ ii,i t a ‘ ii — i’li, ’

,uit lw_ a Is s ’ Xps Oss ’sl t ,o 20~ — / ~opiu i C a iles t i s ’ t o e s - s ou ls ’ P l’s ’gt t : i it t  , .t i tu t  at Cl i , ’ ‘ ‘1 h a s ’i

s I It.’ t t t i i t t t i t ’i s o t  s i t  I s l O t ’ I alp s s t o ( ,i I uts ’ st ~o 0u t ea uu,a lo out s i , a V  ,‘2 s ’I  ~, s ’ s;t ,i C t s ’ ht

WOis t t t V s ’i ’ss ’ lv ii ’ l , a t  ,‘d t o  lo s - ui , ’ s ’t t t ’ u t i t s o x I s p i t  i on.  I’ t ’ I _ a  I we tg ltt wa s  I t s ’1

,a ( t o o t e d  i t t  .i it p ’ s o l (lit ’ l t ’ s ’.iI s s i  gt’ s o t m Ios , lou t t h i s ’ s O t g.ui t , b ’~ s~ls’ w,’ ~~u~ t u ,uI i s

I 5 o t C lie I 9 .5 ~ piit g t 5 oup w a s it Is~it t t s ’ st i t l  l~ ’ l i t  phit ’t’ I hi st i t  s ’ s s i l l  i s 0 I S .  F u s ’ itu I is ’ ’ ;, ’

u , ’ s ;t i It  • u t s.’,m s’ s ou t s ’ 1 u is t s ’,i I I t _ a t  I its ’ 10 _ i l s ’ ai s ’ h t o’ u i i ,mt  s it i S i  s o t  o~,i i m ’ ; ws ’ 1 s ’ ,L I t s s l  5 , 1  Isy

- ‘ ~0 5 -~~~ , ’ s t ls ’ ~5 , 0 i s o s 00 0  u t t~ , s, I ()~ —

h 2. Ho t pt bo I t smut

In v u v s o int ’l p t l o s o l  t su t s o t  t o ,’ t l , ’,, ’ i t , ’ situ t o t s ’, ‘, t o l o c h i t ’ s o ut t , ,’ I t s - _ a t  ut m t ’ u l t  u s ;  -; u su i t h u t

Is o C h i,~t 51, ’ o t , ’i’j b ,’,l C s Ol ,ts ’ o a t s ’  Ii t ’ ,t t t t u , ’lt l -

Iii t iSbIbipii ’ v • .‘tmml ° s ’h t l ’,°lt Is ’ t O O L ) ,’ s ’bl , ’ I s ° ,\ I, ’ i t  p , t ) o l ’ s ’ ,t t ‘0 1 ,‘ h~,’ I s ’ I ,iI s’sI I s ’ h i s ’

I s ’ v s  I~; pai tsl .lhllsouiut l is ~~~ h ’ s ’l t , • s ’ b t s ’ mum , ’ I ,t h o s s I I C  s ’; p u s ’ s ;t ’b lt  i t t  C li ,’ ,t i t  t uti, a I ’;.

h i  s ’ ,i (  muts ’u’tI I lt , iI t t t, ’ i s ’ .i;;s ’ I lit ’ i- _ a lt ’ s o t  b,’ut , s b u s ’ itu, ’ C  ,Ih~ s o h t s o u l  ‘;~~ I l l s’ t , ’ .t i - O s ’ lii,’

1 , 1 ( 5 ’ o h  I u u i t i t _ a t  i,o mt ,‘t  C li,’ uui , ’ t . a t ’ ,° h i t s ’s . C liii;; ~~~~~~~~~~~~~ l I t ’ C s ’ C , t l s ’\ho~
o’ ’ I u i s ’

,tuis! e h , ’v,i C t t o g l i t , ’ t s ’ s t t ( t  t t i ~ ’, I ox t o  i t  V -

I I . P055 i t o h , ’ I,s’t akt ’iuis o~ ,’ut is ’ ,b i ts l  1 t u i t t o t  u gs’to a c t’ I C .‘ s ’ I s  Ns o it s ’ R,’1i,,t I5 ’s!.

— ~‘L (RONlt,’ (OX k’ I I’\’ ( l,,out s ’ Fein t  h’~~s;I ~t

I. ib’at t .u ls o h s o g i c  E l  t e~’ 1 is

i,,’t is ’ s o 1 o s - m o t , i .  Fsna i’ t s ’ IoOt’ I S w,’ t o  so t ’ l~’~
- los !  C o  t ’xs ~itt lo li ly  lit,’ I s ’ il l  i,i itsol t  i s

to o t  W,’ s ’lt s t s ° i s s ’ , 5 ’ X ! o o s t u t s ’ I t tt t 1’ .tiist s l s ’ g t s ’ s’ s ’t  I s ox  i s ’ t C v ,  h i  C I ,t , tu i s i  Dpi’,’ I s ’s

(5 - a ) ,ts t t a u t a t  us ; I , ’m , ’,I to ,’it:,’mi a ’ C s 0 l o l l  it s~ ’ ,il -‘ ‘a ing kg ,l ,a p , wit i t s ’ li,’ u,’ ttii t , iut ia ‘‘ C

I - I ‘
° s ’x p o s s ’sI l’ ,i t s  1 5 ’ l’,- ut ,’ s ’ne lit ~l It’ .iits l Oluuss ’i ‘s’ s - si C s sx Is ’ t ’ t C s ’s ’ t 5; u t  I is ’

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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, i 0 0 0 ’ 5 ’ 01 Io ’ —’ b II pptot Ilsuulp lt 0 1 p a l .  I I 10)  s ’ x pso s s ’si s ls o ps  10 to o t )  — I lilt) loloul u ,

w its ’ a’osts S5 ’ lii tog 1 It) 3 )  pays ’ rsmbb i 1 s hs ’utz Outs ’ 5,’ s t l  ,t  ils uSt ’ ,o t  I t t t s ~ ~~ -

:\ 1 tloo ttgh t slit i t t  it is u l t i ’ s la t S  i t  iut ’\’ 1 s ’ i_ tOO s ’ P I s Oti iS  wsi S I l’s’s l t ms ’lt I Iv s o l o t ;t ’ u vt ’s! • t h i s ’

i’ost t l I in s’pis’ht c ,is,’ — t ’epst i’ sl I ,‘s s  s i t  lit,’ 5~’ts ’,’ i,’S sit ’ pisl itt i It  151  l i t  15 011 I s ib i  C s ’ ,

WIlt ; I 5’Lts ’so pOit  i s t .  s\ t  I s’fs~ s’ l , isOSs ’S  litsoi ’s ’ I l ulls ’ wit so rt ’ sit a u t s ’,i ( ,0 p us ’ lii s ’ ’s ’ t ’ Cli , ’

~ C 1 s ’,’ I , iot a I I its ’ I l tt,a I i , ’s ~a It w a  it t it,’ Ssli tt s ’ . ‘ h I ts ’ most i t t  r i k I uo g s ’ I I a ’ s ’ C w, u s

at oi _ t t rsips’it i ,u sic csiiuipoito i5 ’d lop- 1 v utup loos ’ ‘s’ I Os i s , wit I ott s! u s 
~i’ ps ’si i s ’s! ,m s Iii , ’

i-i ,‘u t s ~ s ’ l ts ’ oont i tot iost  li _ i p t t I suck Ilts’ Iii’s’s ’ I s o u ii I 1 ssiue -

l.stl 1p m silt, ! Day us (5-’a t soum t s l (It,’ I \‘u t h i h ts i is! C i s  S i t s ’ t o  los ’ Itis o s its ’ t O so t t u ’ s -,’

si Co ou t s~ s ’ hl s ’ I hisiut I its’ uut’s’ s ’ l~ o o  sI iss i_ us’ lit I’ l l  s . l i t i’ p ulob u ~t u s ,  I its ’ o 1ops os u C s ’ wa s

r u ts ’ ( 10 I ) — lit,’ t os ’u u I rs o ps ’ut l s t , s’hts ii’ pt c t s ’u ’ i s _ si ho ~’ .m s it u t 1 t , ° ( I t s ’ 1.’ II 5 ’ t  ( I t , ’
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,l,tv s - l’ s’ S~~ s,’O I, i vs5 l v)  t itpi;o in o soul t i’s) is - ‘l’hoo i Ito I sis,’ 010,’ puitd S O V s ’ r it v s o t  this~

pt h io,’ornba l i _ t v  we l’s ’ ii t~,Iii ’ I’ i t t  I omsi los t Itan it t  bli si Isjs b;tt Ws ’ rs ’ It s ~ t

d,o’ o ,’ — r o ’ Iate5 l.

Cas h ro in tes l  m l  1 ro ot .  No p b s l ’ s ’ s ’ r,S s ’ o h  t,’c I S 1401’s’ it sots ’s! un Ills’

gas t i_’s) il l  t ,‘st  i 110 1 lI- s l o t  “'I i’slt  5 0 xposed to d o  ron i 0 1 ~titpt I sm t silt si f benz ens’

vaps o rs ( I ’ )  ppm, 7 Its ours a dpi’,’ , 5 slst\ ’ s ,o wcs’k tot- I ’)’a s’t 2 1i  slp uvs ) ,7’ o ) .

Uow ever  , t here p11 ’ s ’ t lutos i; l  t’ i rme d repo r t s  t ht at  5 t t g g o s t  t losut Lit ,’ io i_ imst ot

gast rs’intost tn,’i I s’s’~~totu msu be sisl’s’s-rs~- l’s’ s l f t O O I s ’d by chu’onio ho nzs ’ito

s ’xi ’o sos u rs ’ ( 130 , 131’).

J e s t s ’s. In laboratory  an juno Is , 0, rs u t so • gou I 11051 p i gs , rabh I it , iiosomt k,’v ~ ‘0

oh ro ut i c (Ii m,~~t It s ‘0 i utho 1 at j Olt - o t 80— 8 8 p~
)liO 0 0  b s u t ~ Ou ts ’ ilt .m . t r sl,St i lv fo r  “

,lpiv s a we ek or po admi n is t u’.i i on s0 f I tug kg sb I iy I ~or 1 sisi\’ s a wo s’k

resu  I Is ’s! j E l  t e s t  i_ cu  1_ i t ’ sis ’ gs ’tli ’ rst t i so il , a t ’sd n’ t ~m t’ s hp i ion stud slop l’ s’ Ss  i silt sO I

the matura t ion s~ tite germina 1 CI II ito i t i_am I, 7to

Other Organs. ‘lluo lteart  , It ve’r, t ’ndio~’ ri ito 5 151 utsi so , ‘s i t ’ogs’o t I h al s’t’ ;‘,Sl ut S

attsl lymph nodes were t i s t h  sidvs’ rss’ lv p i f f o o  t e d  i t t  r a t s  ex psisod C o  1” pptoo ~ L

bei-tz,’mte 1, 7 it OUl ’S sO dsu’s’ , S s is ivs  a ~s’s’k on I ~~-+ of 45 J a y s )  0 , 7 ’) ) .
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11 . Effect on Pregnancy (Human)

Male—female differences in susceptibility to benzene have been

observ ed i n humans by a number of inves tigators. Tite greater sensitivity

of females is compatible with the hormona l influence on benzene toxicity

(80 , 81) and is suppor ted by animal studi es (see Sect ion II, 1). Of

possible pertinence are reports of benzene hemotoxicity during pregnancy

(139). In th is study two sisters who were chronicall y exposed to benz ene

during pregnancy deve loped pancytopenia and hypop lastic bone marrow . One

recovered rap idl y p o s t — p a r t u m , the other had a spontaneous a b o r t i o n  and

later died of acute leukemia during a subsequent pregnancy. Idiopathic

ap las t i c  anemia of pregnancy is a recognized c o n d i t i o n  but  is very rare .

Forni et al. (140) reported benzene—induced  h e m o t o x i c i ty  in females

exposed to benzene during pregnancy ; normal babies were delivered.

12. Metabolism (Human)

The metabolism and elimination of benzene in humans f o l l o w  t h u e  same

paths as in an imals; however , the distribution of benzene in Itumans has

not been thoroughly investi gated. The major difference between man and

an imals is related to the conjugation of the fina l metabo lites. Humans

and dogs show pre ference for s u l f a t e  fo rmat ion , espec i a l l y at  low l eve l s

of exposure . Glucuronide formation is observd only when the sulfonation

rou te is heavily used. p

Stud ies on human volunteers exposed to benzene vapors (47—110 ppm for

2 hrs) showed that 30—50% of the absorbed benzene was eliminated through

the lungs and only 0.1—0.2% through the kidneys. The remaining dose was

metabolized. The rate of benzene elimination was hi ghest during the

firs t hour. In another investigation , 28—34% of the given dose (6000

ppm) was retained and absorbed in the blood . Approximate l 55—60% of the

benzene in the blood became fixed wi thi n the bone marrow, fatty tissues ,

and the liver (141).
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Benzene Toxicity — Matrix

System Acute Treatment Subchroroic Treatment Chronic Treatment Pre
or (including in (short term tests , (long term test , up to End

Effec t vitro tests) up to 90 days) 2 y e a r s  or l i f e t i m e )

1. Hematolog ic o Leucocytes. o Leucopenia. o Leucopenia : Sig
Effects Significan t Appearance dose Appearance dose and dec

dec rease at 24 and sex related sex related (75, Leu
hr; female (75—82). 84, 103 ,110). (Nc
more sensitive
than mal e
(2 ,3) .

o Hemol ysis  (4 ) .  o Thrombopenia ( 7 8 ) .  o N e u t r o p e n i a  ( 1 0 3) .
o Prolonged bleeding o Pla te let s:

and c l o t t i n g  time Decreased number ,
( 7 9 ) .  abnornoa l f , i n c t i o n

(111— 115).
o Purpura  ( 1 1 1 . 113).

2. Bone Marrow o Sig n i f i c a n t  o Hypop lasia:  o Ap lasia : Dec reased Si8
Changes reduction in Leucopenia , RBC , WBC , Red

the precursor  granulocytopenia , g ran u l o c y t e s , Pta
cells  of the giant cells , thrombocy tes , Cel
hemic cell  “Q— type” cells lymphocy tes (85, 89, eel
renewa l system impaired myeloid 103 , 116) .  syi
( 9 ) .  cell m a t u r a t i o n  o Anemia (117).

(83—8 5) .  o F ibros i s  (h u m a n ) .
o Hemo g lobin o Stem ce l l s  of o Hyperp l a s i a :  foca l

F synthesis hemotopoie t ic  regenera t ion  of
decreased system affected lymphocy tes,
( 5 — 8 ) .  ( 108) .  g ranulocy tes  and

i~~c ( 1 0 3) .

3. Immunolog ic o None 
a 

o Decreased serum o Decreased serum (S~
E f f e c t  Reported comp lement comp lement a c t i v i t y  dci

activity against against infection Cal
vaccine (86—89). (118—121). co

o Decrease in o Decrease in wil
a g g l u t i n i n s  agg l u t i n i n s  and in
( 86—89 ) .  o p s o n i n s  ( 1 1 8 — 1 2 1 ) .  re

th
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iene Toxicity 
— 

Matrix

tment Chronic Treatment P r e d i c t i v e  Tests
ts, (long term test , up to Endpoints Recommended

2 years  or l i f e t i m e)

o Leucopenia: Significan t 1. Comp le te CBC
tse Appearance dose and decrease in (RBC , WC HG, Hct
ted sex related (75, Leucocy tes Differen t ial

84 , 103 , 110) . ( Non—S p e c i f i c)  P l a t e l e t s )
2. Red c e l l  s u r v i v a l
3. Clotting and

bleeding times
(78). o Neutropenia (103).
leding o Platelets:
time Decreased number ,

abnormal function
(111—115).

o Purpura (111 , 113).

o Aplasia: Decreased Significant 1. In Vitro
RBC , WBC, Reduction in cytotoxicity

lnia , granulocytes , Precursor 2. Bone marrow
thrombocytes , Cells—Hemic different ial
lymphocytes (85, 89, cell renewal (turn over and

0oid 103,116). system cycle rates)
-on o Anemia (117).

o Fibrosis (human).
o Hyperplasia: focal

regeneration of
:ed lymphocy tes ,

granulocytes and
RSC (103).

o Decreased serum (Suhchronic) 1. Serum comp l ement
comp lement act ivi ty decreased serum dep ression test

,flst against infection comp lemen t — 2. Depressed

~9) . (118—121). correlation synthesis tests
o Decrease in with inc rease (globulins and

a g g l u t i nin s  and in i n t e r f e r o n )  —

opsonins (118—121). reticuloendo— electrophoresis
th e l i a l c e l l s

I
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Benzene Toxici ty 
— 

Matrix (Cont ’d)

System Acute Treatment Subchronic Treatment Chronic Treatment Pt
or (inc luding in (short term tests , (long term test , up to Er

Effec t vitro tests) up to 90 days) 2 years or life time)

O 7. Biochemical and o Brain. o Brain. o Brain. 1.
Histochemical Elevated Elevated Elevated
Effec ts glutam ic aminolevulinic aminolevulinic

decarboxy lase synthetase synthetase (90). 2.
activity (16). activity (90).

o Spina l Cord. o Spinal Cord. o Spinal Cord.
Elevated Elevated Elevated 3.
de-”xyribonuclease amino levul in ic  an t ino levu l in ic  ac id
( 15) .  synthetase  (90). synthetase (90).
Depress ed
succinic dehydro—
genase activity, 4.
NADH— diap horase ,
a lka l ine  and acid
phosphatases,
5’nueleotidase
and thiolacetic
es terase
activity (15).

o Serum. None o Serum. o Serum.
reported. Elevated aldolase Elevated lactic

(92), aspart ic and dehydrogenase in
alanine amino— humans exposed to
transferase (79) benzene in
activity, occupational
Depressed catalase settings (133 ,
(91), alkaline (93) 134).
and acid (94)
phospha tases ,
succ ina te  de—
hydrogenase (94) and
chol ines te rase
(7 9 )  a c t i v i t y .
Depressed RNA
synthesis (94).

Depressed RNA
synthesis (94).

/
_ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~
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~e T o x i c i t y  
— 

Matrix (C ont ’d)

metment Chronic Treatment Predictive Tests

~sts , (long term test , Ii~ to End po in ts  Recommended
) 2 years or lifetime)

o Brain. 1. Enzyme 1. RNA—ASE Test
Elevated changes

,nic aminolevulinic
synthetase (90). 2. Reduced 2. Histology

0). protein (liver , kidney,
synthesis P450 Changes

sp inal cord)
o Spinal Cord.

Elevated 3. Altered 3. Liver and kidney
snic aminolevulinic acid liver and function test
(90). synthetase (90). kidney

f unc t ions

4. P450 changes 4. Cholinesterase
t e s t

o Serum .
b lase Elevated lactic
:ic and dehydrogenase in

humans exposed to
(79) benzene in

occupationa l
italase settings (133 ,
Lne (93) 134).

-I ~

(94) and
Ise
:y.
IA

Depressed RNA
synthesis (94).

1
‘
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Benzene Toxicity 
— 

Matrix (Cont ’d)

System Acute Treatment Subchronic Treatment Chronic Treatment Pr~
or (including in (short term tests , (long term test , up to En~

Effect vitro tests) up to 90 days) 2 years or lifetime )

4. Central o Stimulation o No adverse effects o No adverse Nervous
System (CNS) followed by noted under effects noted under

depre ssion experimental experimental
(10, 11). conditions (75). conditions (75,122)

o Paralysis , but in humans front
petechial occupational
bleeding setting, change s
( 12 , 13). were observed in

cerebral circulation
(123) and electro—
ence pha lograph s
( 124) .

5. Behavior o See CNS effe’~ts o None reported. o None reported.
Effects

‘1 6. Cardiovascular o Ventr icular  o No adverse effects o No adverse effects
Effects fibrillation oeported under reported under

( 14) .  experimental experimental
o Hemorrhagic condi t ions  ( 7 5 ) .  condi t ions  (75 )  but

pericardium (2). in humans benzene
exposure caused

- - increased cardiac
ou tpu t  comb i ned
w i th a drop in
peripheral

o resistance and a de—
d ine in a r t e r i a l
pressure . Death
often occurred due
to heart failure
(125—127).

1 2
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izene Toxicity 
— 

Matrix (Cont ’d)

Treatment Chronic Treatment P ’edictive Tests
~ t e s t s , ( l ong  te rm t e s t , up to End p o i n t s  Recommended
iys) 2 years or lifetime)

~se effects o No adverse Nervous None None

~der effects noted under
Intal experimental
ms (75). conditions (75,122)

but in humans from
occupat ional
setting, change s
were observed in
cerebral c i r cu l a t i on
(123) and electro—
encephalographs
( 124) .

ported . o None reported. None 1. Activit y—wheel
runn ing t e s t
(r e l a t ed  to
blood  p ic t u r e )

rae effects o No adverse effects None None
I under reported under
Intal experimental
ms ( 75) .  condi t ions  (75 )  but

in humans benzene
exposure caused
increased cardiac
output combined
with a drop in
peripheral
resistance and a de-
cline in arterial
pressure . Death
often occurred due
to heart failure
(125—127).

I

,1
2
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Benzene Toxicity 
— 

Matrix (Cont ’d)

System Acute Treatment Subchronic Treatment Chronic Treatment Predictive
or (including in (short term tests , (long term test , up to Endpoints

Effect vitro tests) up to 90 days) 2 years or lifetime)

7. Biochemical and o Kidney . o Kidney . o Kidney. None
Histochemical Elevated Depressed succinic reported.
Effects succinic dehydro— and lactic
(Cont.) genase, NADH2— dehydrogenase ,

diaphorase , glucose—6—phosphate
ca— formol—ATPase , dehydrogenase
alkaline and (95—97).
acid phosphatase
activity (17).

o Liver. o Liver. Same as in o Liver. None
Elevated aryl—4— acute studies. reported.
hydroxy lase,
UDP—glucurony l
transferase
activity (73),
cytoch rome P—450
(63) , aminopyrine
dimelthylase
(63).
Depressed
succinic and lactic
dehydrogenase ,
glucose—6—
phosphate
dehydrogenase and
NADH tetrazole
reduc tase
(95—97).

4
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Ben z ene Tox ic i ty 
— 

Matr ix (Cont ’d)

Syste m Acute Treatment Subchronic Treatment Chronic Treatment  Predict
or ( includ ing in ( shor t  term tes t s , (long term test , up to Endpoin

Effect vitro tests) up to 90 days) 2 years  or l i f e t i m e )

8. Bod y We ight , o Body wei ght .  o Bogy wei gh t  i ncreased o Bod y we ight  1. End
Organs No adverse effec t (75, 82, 100). increased (75, cha’
and Tissues reported (13). 82,100).

o Skin . Hemorrhage o Skin.  Erythetna, o Sk in . Erythema ,
( 2 , 13) .  b l i s t e r i n g ,  bl i s t e r i n g ,  dry 2. SpI

hemorrhage ( 2 ) .  scal y d e r m a t i t i s  inc
(2 , 126) . R .E

o Fat ty  t i ssue — o Fa t ty  t i ssue  o Fat ty  t i ssue cot
dest r uc t ion b ioacc umu lat ion b ioaccumulat i on wit
( 13) . ( 2 ) .  ( 2 ) .  iimu

o Lung and pleurae . o — changes o same as in e f f
hemo rrhage (2 ) .  resembled those subchronic.

seen in chronic 3. Rou
bronchoprieutnonia end
( 7 5 ) .  ret

o Sp leen , in creased o ~p]een, decreased o Sp leen , marked (RF
p r o l i f e r a t i o n  myeloid  parench yma ret iculop lasmo—
of reticulo— and increased cytic reaction 4. (Su
endothel ia l  lytnphoid t i ssue ( 105) , degenera— Li~
cells ( 18) .  ( 101);  hemosiderosis t ive changes (76) , m t

( 7 5 ) .  h yperem i a and
hemo sideros is  ( 7 5 ) .

o Lymph nodes , o Lymph nodes. No o Lyn~ph nodes. No
decreased adverse effec t adverse effect 5. Hem
thrombocytes reported (75). reported (75). den
and increased
macrophage (18).

o Kidney . None o Kidney , mild o Kidney . No adverse
reported. nephritis , convoluted effect

tubular abnormalities reported (75).
(102).

o Liver. None o Liver , fatty o Liver. Same as in
reported. infiltration , subchronic .

hepatitis , necrosis
(75) , functional
changes (104).

5
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~ene Toxicity — 
Matrix (Cont ’d)

rreatment Chronic Treatment Predictive Tests
tes ts , ( long  term test , up to Endpoints Recommended

~s) 2 yea r s  o r l i f e t ime)

increased o Bo4y weight 1. Endocrine 1. liematolog ical
100). increased (75, changes and histolog ical

82 , 100) .  t e s t s
y t henia , o S k i n .  E ry thema ,

b l i s t e r i n g ,  dry  2. Sp ieen 2.  E l e c t r o n
e ( 2 ) .  sca ly dermat i t i s  increased microscope

(2 , 12 6) .  R .E .C .  — for RER
sue o Fatty tissue correlation
lation bioaccumulation with

(2). immunologic
anges o same as in effects
those subchronic.

hromic 3. Rough 3. Decreased
untonia endop lasmic protein

r e t i c u l u m  s y n t h e s i s  t e s t
ecreased o Sp leen , marked ( RER)
a r e n c hym a  re t  ic ulop lasmo—
ased cytic reaction 4. (Subchronic) 4. 90—Day
tissue (105), degenera— Liver —fatty percutaneous

os ideros i s  t ive changes (7 6) , i n f i l t r a t i o n  t o x i c i t y  t e s t
h yperemia  and hexane  or a c e t o n e
hemos ideros is  ( 7 5 ) .  con t ro ls

es .  No o Lymph nodes . No
effec t adverse effect 5. Hemorrhagic
(75). reported (75). dermatitis

lid o Kidney . No adverse

~
s, convoluted effect
abnormalities reported (75).

atty o Liver. Same as in
t ion , subch ronic .
B , n e c r o s i s
ctional
(104).

I
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Benzene Toxicity — 
Matrix (Cont ’d)

System Acute Treatment Subchronic Treatment Chronic Treatment Pred

or ( i n c l u d i n g  in ( shor t  te rm tes t s , (long term test , up to End p
E f f e c t  v i t r o  t e s t s )  up to 90 days)  2 y e a r s  or l i f e t i m e)

8. Bod y Wei gh t , o Endocrine organs . o Endrocrine organs , o Endocrine organs.
Or gan s Decre a sed mor pholog ical and No ad ver se e f f ects
and T issues thrombocytes  and f u n c ti o n a l  changes observed ( 7 5 ) .
( C a n t . )  increased in p i t u i t a r y ,

macrophages in adrenal , thyroid ,
thytnus (18). isles of Lamgerhans

(pancreas)  and
thymus ( 105) .

o Gastrointestinal o Gastrointestinal o Gastrointestinal
t r a c t .  t r ac t .  t r ac t .
St r ipping of No adverse e f f e c t s  No adverse e f f e c t s
gas t r i c  mucosa observed ( 7 5 ) .  observed under
and b leed ing exper imental
(13).  condi t ions  (75 ) , but

e f f e c t s  were
observed in humans
d u r i n g  o c c u p a t i o n a l
exposure (1 30 , 131) .

o Tes t i s .  None o Test is .  No adverse o Testis.  Tes t i cu l a r
repor ted .  e f f e c t s  observed degenerat ion ,

( 7 5 ) .  depressed m a t u r a t ion
of ge rmina l
ep i t h el i u m  ( 7 6 ) .

I 6
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Benzene Toxicity — M a t r i x  ( Cont ’ d)  e~

System Acute Treatment Subchronic Treatment Ch ronic Treatment Pred~
or (inc l uding in (short term tests , (long term test , up to End p~~

Effect vitro tests) up to 90 days) 2 years or lifetime )

9. Cytolog ic and o Chromosomal o Chromosoma l o Chromosoma l Chro~~
Cytogenetic aberrations aberrations (30, aberrations (132 , aber~~
Effects (26—30). 106). 133).

10. Molecular o DNA synthesis , o DNA synthesis o DNA synthesis DNA ,,~
Eff ects inhibited (8, in loi b it ed (8, 107). i nhibited (80). Pro~~

26 , 2 7 ) .  synt~~
RNA and protein o RNA synthesis inh 

-

synthesis , inhibited (8, 107).
i n h i b i t e d  (31 ,
3 2) .

o Heme synthesis ,
i n h i b i t e d
(5 , 33—36 ) .

o Ap lastic anemia
(37—45).

o C y c l i c — A M P
u n c h a n g e d  ( 4 6 ) .

11. E m b r y o n i c  and o E m b r y o n i c  dea th  o h i g h c - m h r y o t o x i c i t v  None r o ’po r t o d  1. ~
Teratogenic (46). (90). under experiment ~l l
Effects o Fetal o Lowered organ/body conditions httt in

a l ,n o r m a l i t i e s  we i ght  r a t i o  ( 9 0 ) .  h u man s  ab~ .’t o0i ’ ef 2. ~~
(4 6 ) .  p r e g n an c y  was

(‘tl)50t~Vt’(1 fel1 ~ w inc
0 X~~O 5OI  re t o  b.~i t -~o -ne
( 5 9 , 60 , 138 , 1 l ~~).

( 
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~e Toxicity 
— 

Matrix (Cont ’d)

~atment Chronic Treatment Predictive Tests
ists , (long term test , up to End points Recommended

2 years or lifetime )

1 o Chromosomal Chromosomal 1. Sister chromatid
(30, aberrations (132 , aberrat ions exchange

133 ). 2. Chromosome breaks
and excha nges

u s  o DNA synthesis DNA , RNA , 1. Thymidine -

~ ä7 107). inhibited (80). Protein Uridine uptake
- synthesis tests (in vitro)
p18 i nh ib i t ed  ( EPA Sc reen ing

~~ 107) . leve l t e s t s)

~toxicitv o None reported I. Embryonic I. Embryotoxicit~
under experimental Death screening tests

~~

n/hody conditions but in

- (90). humans absence of 2. Fetal 2. One generation
pregnancy was abnor— mouse test
observed following malities
exp osure to benzene
(59 ,60, 138, 139).

I
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Benzene Toxici ty — Matrix (Cont ’d)

System Acute Treatment Subchronic Treatment Chronic Treatment  Pred
or (including in (short term tests, (long term test , up to Endp

Effec t vitro tests) up to 90 days) 2 years or lifetime )

12. Metabolism o Excretion o Metabolism as o Metabolism in humans Aren
produc ts are described under essent iall y same as Fore
primarily phenol acute studies. in experimental
and small animals (see acute
amounts of studies) except
trans—trans— suiphonat ion is the
muconic acid predominant form
(4 8 — 5 4 ) .  of conjugation at

low concentrations
of benzene and
glucuronide at hi gh
doses of benzene .

o The metabolic o Highes t
fate of benzene concentrations of
can he benzene f ound in

visualized as bl ood , bone marrow ,
the formation of fatty tissue and
an intermediate , live r (141).
arene oxide ,
foll owed by a
rearrangement
to the less
chemicall y
active phenol ,
the interaction
of the oxide
with cell ular
nucleophiles  or
the enzymatic
conversion to
either
dihydrodiol or
a mercap tu r i c
acid (55—60).

/
8
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izene roxici ty 
— 

Matrix (Cont ’d)

Treatment Chronic Treatment Predictive Tests
tes t s , (long term test, up to End poin ts Recommended
ys) 2 years or life time)

am as o Metabolism in humans Arene Oxide 1. Pharmacokinetic
d under essent iall y same as Formation studies
udies. in experimental (absorption ,

animals (see acute dis tribut ion ,
studies) except excretion ,
sulphonation is the body—burden)
predominant form
of conjugation at 2. Induction of
low concentrations P450 and RER
of benzene and
glucu ronide at hi gh 3. Extent of
doses of benzene . Co—Valent

o Highest bindi ng
concentrations of (liver/kidney)—
benzene found in labelled
blood , bone marrow , compounds
fatty tissue and
liver (141).

I
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Benzene Toxici ty 
— 

Matrix (Cont ’d)

System Acute Treatment Subchronic Treatment Chronic Treatment
or (including in (short term tests , (long term test , up to

Effec t vitro tests) up to 90 days) 2 years or lifetime )

12. Metabolism o Enzyme induction
(Cont.) (63—69).

o P r o l i f e r a t i o n  of
smooth endo—
plasonicr eticulum
(66).

o Sugge sted
o mechanism of

benzene toxicity
through
metaboli tes which
interfere with

‘1 m itosis and
ce l lu la r
maturation and
inhib it DNA and
RNA synthesis
(71—74).

9
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Benzene Toxici ty 
— 

Matrix (Cont ’d)

System Acute Treatment Subchronic Treatment Chronic Treatment Pre
or (including in (short term tests, (long term test , up to End

Effec t vitro tests) up to 90 days) 2 years or life time)

13. Leukemogenic o None reported. o None reported. o Experimental data Non
and repor ted to show
Tumorigenic that benzene
Effec t produces leukemia

in animals were in—
elusive (142—147).

o In humans benzene is
considered as a
suspec t leukemogen
(148).

o Experimental data to
show tha t benzene
produced sarcomas
were inconcl usive
(152).

o I t was prop osed tha t
arene oxides are the
bioac tivated
intermediates
responsible for the
cytotoxic and
carcinogenic effect
of benzene. However ,
the possibili ty that
metabolites other
than arene oxides are
ac tive agents in
carcinogenesis cannot
be ruled out (55—60).

1
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Benzene Toxici ty 
— 

Matrix (Cont ’d)

hronic Treatment Chronic Treatment Predictive Tests
rt term tests , (long term test , up to Endpoints Recommended
:o 90 days)  2 years or lifetime )

one reported. o Experimental data None 1. Sister chromatin
repor ted to show excha nge
that benzene 2. Leucocyte—
prod uces leukem ia chromosome damage
in animals were in— test (Brewer and
clusive (142—147). Evans)

o In humans benzene is
considered as a
suspec t leukemogen
(148).

o Experimental data to
show that benzene
produced sarcomas
were inconclusive
(152).

o It was proposed that
arene oxides are the
bioac tivated
intermediates
responsible for the
cytotoxic and
carcinogenic effec t
of benzene . However ,
the possibili ty that
metabolites other
than arene oxides are
active agents in
carcinogenesis cannot
be ruled out (55—60).

10
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Benzene Toxicity 
— Matrix (Cont ’d)

System Acute Treatment Subchronic Treatment Chronic Treatment Pr~
or (including in (shor t  term t e s t s , ( lon g term t es t , up to Eni

Effect vitro tests) up to 90 days) 2 years or lifetime )

14. Physical Not
Chemical
Properties

aNone reported , means that no literature was identified .

(
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Benzene Toxicity — 
Matrix (Cont ’d)

Ironic Treatment Chronic Treatment Predictive Tests
rt term tests , (long term test , up to Endpoints Recommended
) 90 days) 2 years or lifetime)

None 1. Chemical
structure
relationshi p
to known
carcinogens
examined should
be

2. Identify
volume—use
characteristics
of compound

ntified .
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EXPERIMENTAL CADMIUM IN TOXI CATION

Backup Report to Cadmium Toxicity Matrix
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EXPER 1NENTAL CADM 1UM I NTOX 1 CAl ’ iON

INT RODUC TI ON

ACUTE TOXICITY Unc iuding in Vitro Studies )

I. hiematolo gic Effects

Hemolysi s

2. Bone Marrow Clianges

3. Immunolog ic Response

4. Central Nervous System (CNS) Effects

Cerebrum and C e r e b e l l u m
Sp ina l Gang lia

5. B e h a v i o r a l  E f f e c t s

b. Cardiovascular Effects

Hypertension

7. B i o c h e m i c a l  and H i s t och e m i c a  I Changes

Meta ilothion ein
M i t o c ho io d r  ia  — Liver .  Pulmonary Alve olar Mac rop loages
Gluc ogenes  is
Other Eff~ ct~
C o ll a g e n
Serum Albumin and Glob ulin

8.  Effects on Tissues and Organs

Kidney
Lung
Panc reas
Mac rophage s
Gona ds

9. Cy tolog ic and Cy togen et ic E f f e c t s

Dominan t Lethal Mutation s
Chromoso me R e a r r an g em en t s
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10. The Molecular Site of Cadmium Toxi~j~~

RNA—Po lymeras e and P ro t e  in  S~’n thes is
Nucl eic Acid and Protein Synthesis

11.  Reproductive and Teratogenic Etfects

Goa~d s

Ov a r i e s
Behav i or

I’erat~~~ooie s is
Reproductive Performance

12. Cadmium Metab olism

Absorption
Skin
Resp i r a t o r y  Trac t
Ga s t r o i n t e s t i n a l Trac t

Tran s por t
I n t r a v en o u s  Route
In t raper i tonea 1 Route
S u b c u t a ne o u s  R ou t e

1’ iss no P is t r ibu t ion and Retenti on

Ora l intake
Liver
Kidney s

l n j  cc t ion Ron to
L ive r
Ri dio e s

P l a c e n t a l  T r an s f er
Exper i m e n t a l  A n i m a l s
Human Be i n~ s

Exc rot  ion

Ur inary Excret ion
Excretion V i a  the A l i m e n t a r y  [‘ t a c t
Hair
Milk
Si liva

B iolog ica l H a l t — l i m e

Ii. Carcinogenesis
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SUBCHRONIC Tox i c i ty  (Shor t—term tests , le ss than  90 d a y s)

I .  Hemato log ic E f f e c t s

Anemia

2 .  Bone Marrow Ch anges

3. Immunolo g ic Response

4. Central Nervous System Eff ects

5. B e h a v i o r a l  E f f e c t ~

B . C a r d i o v a s c u l a r  E f f e c t s

Rabb i t s
Ra ts

7. B ioch emical  and H is t o c h e m i ca l  Cha nges

L iver and Ki dney Enzynoes
4 Cyc li c AMP

Mi t o c h o n d r i a
Collagen

S. Effects on Tissues and Organs

Adr enals
Panc reas
Liver
Bone

9. ~y,t oiog ic and Cy togenet i c  Cha ng

10. The Molecu l a r  S i te  of Cadmium T o x i c i t y

I i .  Rçprodu ct ive and Tera togenic  E f f e c t s

Fetal Deaths
F e t a l  M a l f o r m a t i o n s
Prolonged E s t r u s

i i i
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12. Cadmium Metabolism

Absorption: Gastrointestina l Trac t
Transport

Tissue Distribution and Retention
Live r, Kidney , Pancreas , Sp leen
Embryo and Placen ta

Excretion
Urine
Alimen tary Tract

Biolog ical Half—Time

13. Carcinogenesis
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11.  Rej 1~~ d u c t iv e E t t e c t s

s t o ’ $
Rep t~~dit ~ t i ye Pt’ r I OI-IOUIIOCO

Rits
Monkeys

12 .  Caditu I urn Met  abo h i s t o t

Absorpt L O U
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ADDENL)UM 1

Acu’l’E ’roxlc l’l’Y

1. Hematoloj~ic Effects

1. Ront ’ Mar row Cha~~~~s

4. C e n t r a L  Nervous  Sy st e m  (eNS)  E f t o c t s

7 .  Biochemical and Hist ocluern ical Effects

- ;  8. E f f e c t s  on i~~s s s ~~~~ I O ~~ aui s

L i ver

-) . Cytolog ic and Cytogenotic Effects

[0. M o l e c u l a r  E f f e c t s

SUBCHRONIC TOXICITY

8. Effects on Tjssuos and ()n~ nuos

Bone
Th y to i d

i2  . Cadmium Metabol i snu

T r a n s p o r t

CHRON I C ‘l OX IC 1’[’Y

i i .  !2du ct  ive and ‘l’or at o g e ni c  E t t e c t s

I I. Carcinogenesis
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A1)DENDIJM 2

ACUTE ‘l’OXICITY ( I n c  l uidiug i n  vitro s t u d io s )

7. Bio chemical and Histo cbue mic al Chai~g~s

Liver g lycogen
Blood glucose
Serum u re a
Cy c l i c  AMP
Ad eny L u t e  Cyc laso ~
Adou~ s i no ’ — 3 ‘ 5 ‘ —monopiios phi to piuos phod ies to ’ r ise ( I’DE ’)

SIJ BC b I R O N I C __TOX I C I T Y  ( S h o r t — t e r m  t e s t s , los s t h a n  90 oh s)

3. Immunolog ic Rt~~p~~~s~

B Lymp hu ocy to  ~ o’d I

5. Beh a v i o r a l  E f f e c t s

Locomotor activity

7. Biochemical and U i s t o c h e u o i c a l Chaio ~~’s

Bra in b i ogeou  ic ami ti es
Ty no s j u t ’ bo yd r~o xv I a So’
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IN TRODUCTION

Ch o r o n i c  i l l n e s s  duo ’ t o  occup at  iona 1 exposure  t o  c ad i i o iuum was r ep o r t ed

as ear lv as 1920. N u t r  i t io n i l de f i c  i ou o c  ies • :issoc i at e d  w i t h  W o r l d  War

I I , may have contribu ted to bone d i se a se  (o s teom a l a c i a )  in  cadmium

work ers in  F r a n c e .  Cadmium is :-ttso be lieved to be involved in l t a i — l t , u i

d isease in  Japan.

The de Ii  n i t  ions of ‘‘c admi nut , ‘‘ ‘‘a c t  ion 1ev e 1 , ‘‘ ~un d ‘‘occ upa  t [011 :1 1

exposure to c a d m i u m ” u sed in tb is report are  those  os t :uh 11 sIted b~’ t he

Nat  i ona I Ins t it u to for Occupat i ona I Safety and Hea I tb . ‘‘Cadmi tim ’’ cc t oes

to o lement :o I cadmium and a 11 c a d m i u n u  compounds .  An ‘‘ac t i o n  1 eve 1 ’’ is

ha I t  t h e  time—we igboted ave rage con cefl t  r a t  ion  onv irouuou e to t a  I I i uoo i 1

cadmium. “O c c u p a t i o n a l exposure  t o  c a d m i u m ” r ot  ens t o  e x p osu r e  1.0

o c a dm i u m  at a con c ent  r at  iOu g r o a t .~’ F t i t in  the  ac t  i O U  1 OV O 1 ( 1 ) .

Wo r k e r s  sb oou ld not be exposed to cail n oium c o n c en t r a t i o n s  gt ’ea b r  t loan

“ 40 m i c  rog nil ins per cub i c uooo t or o I :u i r (40 ug Cd / rn 3 ) do to rut i ned :15 a

t ime—~~’ ighted average ¼ TWA) e xp o s u r e  cOnCt ’f l t r l t t  I O n  [or up to :u lO itottt’

3 workday , 40—lion r work we ek , or at a ce i h u g  conc o ut  r :- i L ion  gu’oa to ’ r t i t a n
‘ 3 -200 us Cd/rn  I or any I S — m l  u nt o  situp i t  tog per toil ’’ ( I

Cadmium compounds h ave’ :111 ad v e rse  o ft oct on m an y org ans  :itiob hc’dv

sys t ems  . In e xpe r imen ta I a n i m a l s  , damage or [uu n c t i ona 1 e f t  oc t s b y e  been

det ec  ted in the  l i v e r , go nads ,  adr en a  Is , bo ne’ • and , proba b  Iv  m o s t

i m p o r t an t  ly , in the kidney . T h e  b iemat opo iet  Ic , card  iova  scu I at’ • aiod

cent ra I ncr~~oti~ sy s t e ms are  a I so a tt oc t e d .  I n  add i t  i o n , ho i r t  b o d o t  oct s

abnorma l hehav ior , and toos s ib Iv  cancer , have been joroduct’d ¼ 1 , 2 ) .

Cadmium t oox Ic itv d ~l11 be I nduc ed in lab or~i tot’’.’ :111 11th Is ( t a t  s , t n t  .‘e

rabh i t s , gu inea p i gs, hamsters , gerbils , dogs, cats , ca l ves , :ut io l  tuionkevs)

V~ a i nb o :u la t  ion , i n t r av on e ou s  ( i v ) , I ut i’apor i t  ouoe:u 1 1 i p ) 
• :iui.h suu h ciu t m oons

(sc) injo ’i’ t .ous , oem I adunin i s b ra t io n  L p o )  , or l iv  d t r o . ’ I cont :0.’ t w i t  ii t h e

skin (1 ,2).
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Acute t o x i c i t y  s tud ies  in a n i m a l s  have i n d ic a te d  t h a t  cadmium is  an

extreme ly toxic metal. The inhalation LC 50 of cadmium ox ide  fume s in

several specie s of conunon lab oratory animals ranged from

700 mg/ m3/l0 mm in the mou se to 4000 mg/m 3/ 1O mi i i  in the dog. Ora l

LD50 va lues for cadmium oxide and cadmium chloride in the rat of 72

mg/kg and 88 mg/kg , respec tive ly, have been reported. The LDLo (lowest

publ i shed  lethal dose ) of cadmium chlor ide when administered to  guinea

p igs vi a the skin was 233 mg/kg (3).

Spec if ic effects of cadmium and cadmium compounds -
~~~~ t h e  v a r i o u s

organs and bod y sys tems  in experimental an imals will be discussed in the

following sections on (1) Acute Toxicit y, (II) Subchronic Toxicit y, and

(111) Chronic Toxic ity Studies. Acute toxic ity in this report is limited

to toxic effects foll~~~ing admin ist ra t ion of a s i n g l e  dose. Sub ch or on ic

tox ic  i ty  r e f e r s  to toxic  i ty  observed in sh o r t — t e r m  t e s t s  of  loss t han  90

days .  Chronic  t o x i c i t y  inc ludes t o x i c  e f f e c t s  o c c u r r i n g  in l ong — t e rno

t e s t s , two—year  or l i f e t i m e  t r e a t m e n t .

INFORMATION SOURCES

The in f o r m a t  ion conta  m e d  in t lue bod y of  t h i s  b a c k — u p  document

(Experimental Cadmium Intoxication) was derived mainl y front such critical

c u r r e n t  review s as :

o Occupa t iona l Exposure  to C a d m i u m ,
HEW P u b l .  No. (NIOSH )  T h — 1 9 2 , N a t i o n a l
Ins t  i t u t e  for Occupa t  j olla 1 S a f e t y  and hlea I t b o ,
C i n c i n n a t i , Ohio , 19 Th.

o Cadmium in t lue Env i ronment , 2nd Ed it ion ,
F r i b en g ,  L . ,  H . P i s c a t o r , C. F . N o r d b o r o~, and
‘1’. Kj e l l s t r o r n , CRC Press , Cl eve Land , Oh io ,
1974.

o O c c u p a t i o n a l  Diseases , R e v i s e d  E d i t i o n ,
Key , M .M.  ( e d . )  DREW l’u h l .  No. ( N I O S H )
77—181.
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In addition , some pertinent research reports , identified through a Tracor

Jitco literature search, were included.

The informat ion  conta ined in the back—up document is sunmiarized in

the appended matrix . The term “None Repor ted” , which appears in the

matrix , indica tes that no literature reference related to that particular

item was identified.
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ACU TE T O X I C i t Y  ( Inc luding  in Vitro Observations)

1. Hemato log ic E f f e c t s

In fo rma t i on on acu te  hetnato log ic e f f e c t s  of cadmium in exper iuoen t ~ 1

an imals is meagre . In an ear ly s tud y ,  a hemo ly t i c  e f f e c t  was no ted

fo ll~~~ing a s ing le’ i n j e c t i o n  .,o f  c admium su l t a t e  ( a p p r o x .  25 tug Cd/k g )

in to  a dog ( 4 ) .  Fr ibe rg  et m l .  ( 2 )  s t a t e d  t ha t  dose—respon se

r e l a t i o n s h ips involved in acute effects of cadmium on the  h i ematopo iet  i c

sy s t em cannot  be es t ab  l ishe d  because  of la ck of da ta  at~oI th u e  over-

shadowing e f f e c t s  of lung edema and the  genera l t o x e m i a .

2. Bone Marrow Change s

No data  repor ted  in l i t e r a t u r e  su rveyed  t o  d a te .

3. Immunolog ic Response

No da ta  in l i t e r a t u r e  s u r v ey e d  to  d a t e .

4. C e n t r a l  Nervous Sy s t e m  ( CNS ) E t t e c t s

Neurotoxic e f f e c t s  f r o m  c a d m i u m  cli lot’ ide have been observed in r a t s

mice , rabb its, gu inea p igs ,  and go lden  h a m s  t er s  . Hemorrhag ic dama ge I n

the cerebellum and cereb rum of voting rat s and i’abh i t s  was found t o l l  ow lug

sing le sc doses of 10 mg/kg  and 20 nig/kg, respectiv ely (5). A c u t e

hemor r i t a g  ic lesions of Gas Si ’ r ian and sensors’ sp ina l gang 11:1 were do ’ ted toil

in guinea p igs, golden h a m s ter s  and mice m i t e r  10 mg , kg Sc inject tons ,

and in r a t s  g iven  2 mg /an ima l sc ( b ) .  In v i t r o  e x p o s u r e  of  d o t - sm  I root

gang l i a  f rom W i s t a r  r a t  embry o s  0 . 1 9 — 2 1  d ay s )  to -~ x IO~~ H c~td uoo iun o

do Ion ide from one day to t h ree weeks revea led degeuo r a t  ion o

m i t o c h o u i d r i a  and u n m y e l i n a t e d  a x o n s ,  :os w e l l  as g lv c o g o n  d e p o s i t s  i n

neurona 1 per  i karya  ; th oe I at  or c f t e i ’ t was dose — v o l :it ed . Thie a u t h o r s

-‘ 

conc luded th i a t  cadmium ions are  d i t’ec t 
~~ 

t b ioge n s  t or no rye 1 IsS no ’s (7)

I

~



5. Behav io ra l  E f f e c t s

No da ta  in l i t e r a t u r e  surveyed to date .

b. Cardiov ascular Effects

Schroeder and Buckman (8)  found r a t s  g iven one i p i n je c t i o n  of

cadmium a c e t a t e  ( 1 .5  mg C d / k g )  developed hy p e r t e n s i o n .

7. Biochemical and Histochemical Changes

Metallothionein

Th ionein , a low molecular weight prote in rich in sulfh y dry l groups

which binds certain heavy metals to fo rm met allotboioneins , bias been found

in man and a nu mber of an ima l  spec ies and is b e l i e v e d  to p lay a ro le  ito

cadmium metabolism and toxicology (1).

Webb ( 9 ) has shown that th ionein is induced by Cd ( L I )  and c e r t a i n

other  heavy rne t a  is and t h a t  cyc i oheximi de inh lb i t s  i t s  s y n t he s  i s .  ‘h’ho is

suggests , accord ing to t h e  au tho r , t ha t  i nduc t  ion of  t b ione ’ ito is

controlled at th e translationa l leve l rather than at the trans cn ipti on.u l

level. Metalloth ione in can protect mouse t e s t e s  f rom i n j u r y  by ca du oiuto o

( 10) but c a d m i u m — t b  i one in , on t h e  o ther  hand , was found to  c ansi ’ more

damag e to rena l t u b u l e s  t i t an  cadmium c h l o r i d e  in CRA m i c e  v i a  t h e  v en o u s

or subcu t auoe ou s  r o u t e s,  and it was f a t a l  at  lower doses ( 1 1 ) .

I
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Mi tochondnia — Liver, Pu lmonary Alveolar Macr ophage s

Low l eve l s  of cadmium ( i i)  have been found to uncoup le

phosphory la t i o n  coup led to aerobic oxidation of succinate or reduced

di pho sphopyridine nucleotide. In rat l iver  m i t o c h on d r i a  in v i t r o ,

uncoup l ing  of phosphory l a t i o n  was de tec t ed  w i t h  the oxidation of b eth

su c c i n a t e  and c i t r a t e  at concen t r a t i ons  as low as 5 uM Cd ( I I ) .  The

uncoup ling effec t was comp lete ly reversed , however, by the chelating

agent , ethylene diami ioe tetracetic acid (12,13). Phosphory lation and

re sp iration in mitochondnia of pu lmonary alveolar macrophages were also

abo l ished wi th 5—10 urn Cd ( X I )  ( 14) .  The uncoup ling mechanism seems to

involve the binding of cadmium to dithio l groups of the enzymes.  For

examp le , a su l fh o y dry l enzyme , succ inox idase  was inh i b i t ed  5O~ by 7 uM

cadmium (15). Metal—sensitive sites , other thoan Si-I g roups , were a l s o

found to be a f f e c ted by cadmium ito a s tud y on the inh ib i t i o to  of

al pha— ox og lu t a r a te  dehoy drogenase  by heavy me ta l s  (9 ) .

Gl ucogenesis

Acute  e f f e c t s  of cadmium ( I I )  on g lucose m e t a b o l i s m  have been s t u d i e d

both  in v i t r o  and in vivo. In one s t u dy , g lucoget oes is  by r a t  k id toe y

c o r t e x  s l i c e s  was found to be i n h i b i t e d  by cadmiu m ( l b ) .  in v ivo ,

loowever , there  was a si g n i f i c a n t  i tocr oa se  in g lucose c o n c e n t ra t i o n  in the

t e s t e s  when r a t s  were g iven 0.04 m o l e ik g Cd ( I I )  Sc.  This was

accompanied by a marked  dcc r eas~ in  g l u c o s e — b — p hosp h a te  and ade t oos i  toe

tri pho sphate at 2 h o u r s ,  Clvcog o’n and total h i gh ene rgy  phosp h a t e  were

c o n s i d e r a b ly  reduced , who i ho  lac  t a l e  was i tocrezused at b r  4 hi ours  . The

au thors  s t a t e d  t h a t  the r e d u c t i o n  in h i  ~io one rgv tooet abe’ lit es mi gu t  he

r e l a t e d  to the i sch iemic  or anox ic  s t a t e  of  the  testes (17).

I
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Other  E f f e c t s  - -

Th’ie low mo lecular weight protein , th ionein~ is able to bind both

cadmium and z inc , and consequen t ly , the two m e t a l s  are t r a n s p o r t e d

toge ther  in t h e  bod y .  Also , cadmium seems to have the abilit y to

exchange with zinc in zitoc—dependent enzymes and t i tus  affect enzyme

o activity (2). For examp le , Ribas—Ozonas et aL. (18) discovered that Cd

(ii) b rought about a significan t decrease in the a c t i v i t y of alkaline

phosp hoatase (a zinc — c o n t a i n i n g  enzyme ) in botlo t h e  k idney  and p r o s t a t e

g land in gu i nea p igs. Acid phosp ha ta se  and e s t e r a s e  a c t i v i t i e s  were

u n a f f e c ted .

Col lagen

Helgeland (19) determined the effec t of cadmium itocubated with o rabbit

denta l pu l p in v i t r o  on the i n c o r p o r a t i o n  of ‘~~C— p r o l i n e  in to  the

t r i c hio r o a c e t i c  acid ( TCA) ’-soluble poo l , tota l protein , collagen , and

h i gh —mo lec u lar wei gh t  m a t e r i a l  re leased in to  the medium.  Cadmium caused

an increase in the amount  of ‘4 C— a c t i v i t y  in t u e  T C A — s o l u b l e  poo l .  b u t

f u r t h e r  i nco rpo ra t ion  in to  t o t a l  p r o t e i n  and c o l l a g e n  was m a r k e d l y

inh i b i t e d .  The p ropor t ion  of ‘4 C— l a b e l e d  p r o t e i n  ato d h oydrox p r o l i t o c

recoverab le  f rom the med ium a l so  was m a r k e d l y reduced by c a d m i u m .

Cadmium reduced the p r o p o r t i o n  of p r o t e i n — b o u n d  1
~~C — a c t i v i t y  c o n v e r t e d

in to  1
~~C—hy dr o x y p r ol i n e  by abou t 5O7~ at 20 uM and inh i b i t e d  the

hy droxy lat i on by abou t 75% at 80 uM. The p r o p o r t i o n s  of 1
~~C— l a b e l e d

p r o t e i n  and co l lagen  recovered from the med ium were reduced by abou t  5O~
and 70”~, r e s p e c t i v e ly ,  by 20 uM cadmium.  At 80 uM , cadmium reduced the

14 -propor t  ton of to ta l prote  tn—b ouio d C — a c t  t v l t y  o t  t h e  med ~um by abou t

70% and the amount  of  ‘~~C—h y droxypr o 1ine  b y 907g .

Serum A l b u m i n  and G l o b u l i n

Axe Isson and P i s c a t o r  ( 2 0 )  found a reduc t ion in se rum a i b u m i n  and an

inc rease  in a Ipboa— and b e t a — g lobu l ins  in rabh i t s  (Be lg i an G i a n t )  g ive n

0.25 mg/kg Cd ( I l )  sc.

I
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8. E f f e c t s  ott ‘l’issues and Organs

Kidney

Cadmium a c e t a t e , 0.03 r n — m o l e / k g ,  i n j e c t e d  in to  r a t s  sc on t h e  2 1 s t

day of p regnancy  caused 40~ m o r t a l i t y  w i t h i n  the f i r s t  24 h iou r s .  In S0~
of tioe a n i m a l s , b i l a t e r a l  hemorrhag ic rena l t oecrosis  was found ( 2 1 ) .

Tubu la r  l e s ions  of the nep h r o t i c  type  developed in r a t s  g iveto a s ing le sc

i n j e c t i o n  of cadmium ch lor i de ( 10 mg C d/ k g )  ( 2 2 ) .  S u b c u t a n e o u s  doses of

0.02 mM/k g cadium c h l o r i d e , however,  d i d  not cause k idney  damage in t h i s

spec ies a l t h o u g h  t e s t i c u l a r  n e c r o s i s  occur red  ( 2 3 ) .  Ca t s  exposed to

cadmium oxide  fume s , 18 mg/rn Cd g r a d u a l l y reduced to -i nog/m Cd ove r

a per iod of  24 hours , shoowed a modera te  amount  of  f a t  in t h e  rena l

-t t u b u l ar ep i th e l i u m  when s a c r i f i c e d  at 5 to 9 d a y s .  I t  was e s t i m a t e d  t h at

be tween  6 and 12 mg of cadmium had be en i nha l ed  by t h e  an itnals ( 2 4 ) .

Nordberg  et a l .  ( 11)  r epor ted  t h a t  cadmium — t ho ione ito a l so  was t o x i c  for

the k idney . In a s tud y w i t h  CBA mice , t h i s  comp lex was l e t h a l at  lower

doses and caused more damag e to rena l t u b u l e s  th oao o c admium c h l o r i d e  when

tloe p r e p a r a t i o n s  were a d m i n i s t e r e d  iv or sc ( 1 1) .  M e t a l l o t h i on e i n  can

p r o t e c t  mouse t e s t e s , h owever , f rom cadmium i n j u ry  ( 1 0) .

Inh a lat ion of cadmium oxide fumes at conc ototrat iotos greater than I -
- -+

LD 50 can cause acu te  symptoms and  pe rmanen t  l ung damage in experimental

an imals. In rats, inhalation of f i ne ly d i s p e r s e d  cadmium ox ide  or

c a d m i u m  ch lor i de ae roso l s  r e s u l t e d  ito acu te  cad n oit tn o p o i so n i t o g , tooato i f e s t e d

by an i n i t i a l  acute  pu lmotoary edema ( f i r s t  24 h o o u r s ) ,  p r o l i f e r a t i v e

i n t e r s t i t i a l  p n e u m o n i t i s  (3rd to 10th d a y s ) ,  and f i t o a l l v , permanet o t lung

damage in the  form of p e r i v a s cu l a r  and p e n ib r o t o c h i a l  f i b r o s i s  (1~’) .

Pancreas

Gha f gh a z i  and Mennear  (2b) reported th at i n , response to glucose,

tolbu tamide, and p o t a s s i u m , i n s u l i n  s e c r e t i o n  by i s o l a t e d  r a t  p a n c o ’e at a

was inh ib ited fo ll owing p e r f u s i o n  w i t h  l x I O  and 5x10 ‘
~~t Cd .

1
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Mac rophage s

Wate r s  et a l .  ( 2 7 )  i n v e s t i gated the c y t ot o x i c  e f f e c t of cadmium in an

in v i t r o  tes t  emp loy ing rabbi t  a lveolar  macrophages  as the i n d i c a t o r

sys tem.  Cadmium ch lor i de at 0 .099 mM Cd ( I I )  reduced c e l l  v i a b i l i t y

(w i t h o u t  ce l l  l y s i s)  to 50% of con t ro l va lues  In 20 hou r s .  Sp e c i f i c

a c t i v i t y  of ac id  ph o s p h a t a se , a lysosorna l i n d i c a t o r  enzyme , was a lso

reduced to 50% in 20 hours by a c o n c e n t r a t i o n  of 0.205 mM Cd ( I I ) .

Gonads — See Reproduc t ive  and Teratogen ic  E f f e c t s .

9.  Cy t o l o g ic and C y t o g e n e t i c  E f f e c t s

G i l l i a v o d  and Leona rd (28 )  found rio increase  in dominant  l e tha l

m u t a t i o n s  f rom cadmium ch lo r ide  ( 1 . 7 5  mg/k g) a d m i n i s t e r e d  ip to male

BALB/c mice . There were no chromosoma l rearrangements in dividing

spe rm a tocy te s  removed from an imals s a c r i f i c e d  th ree  months  a f t e r  cadmium

administration , or in tboeir male offspring .

10. The Molecular Site of Cadmium Toxicity

RNA — Pol ymerase and P r o t e i n  Sy n t h e s i s

Hida lgo et a l .  ( 2 9 )  found t ha t  cadmium itoh i b i t e d  bo th  RNA — po l ynoerase

and protein synthesis in th e live r in female alb ino rats given 20 umo l

cadmium c h l o r i d e  k g / r a t  ip.  RNA— po lymerase inh i b i t i o n  was maxima l at

1 1/2—2 hours and inc reased continuousl y thereafter. Maximum itoto ihition

of  cy top lasmic protein synthesis occurred one hour  a f t e r  c a d m i u m

injec tion , then recovered and increased from 7—lb hours. Soon after

expos ure . cadmium apparent ly depresses both KNA and protein sy n t h e s i s  b~’

separa te mechan isms , sinc e maximum itohoibition of prote in sytothesis

precedes maxima l RNA synthesis inh ibition.
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Nuc leic Acid and Protein Synthesis

Stoll et al. (30) studied the effect of cudmium on nucleic ac id and

protein synthesis in the liver following ip administration of cadmium

ace ta te to male Sprague—Dawley—derived rats. The authors found that

cadmium both enhanced and inh ibited RNA synthesis in vivo as well as in

vitro, depending on the dose and time. The effect appeared to be

correlated with the concentration of the cadmium ion in the liver. In

isolated hepatic nuclei, RNA synthesis was inh ibited at concentrations as
—8 2+

low as 5 x 10 M Cd . DNA synthesis was decreased in partially

hepatectomized rats at a leve l of 0.34 or 1.70 mg Cd
2
~ /k g adminis tered

ip. It was suggested that cadmium may interact directly with DNA on the

basis of its ability to alte r the melting profile of calf thymus DNA.

Cadmium administration caused a trend in vivo toward enhancement of mRNA

activity, whereas polyur idy lic ac id—direc ted amino acid incorporation

into protein was inh ibited. A concentration—related decrease in mRNA and

pol yuridy lic ac id—direc ted incorporation was observed when cadmium was

added to the microsomal system; an increased incorporation was noted only

at the lowest cadmium concentration (l0
8
M). At concentrations greater

than 10 6M , there was a decrease in mENA a c t i v i t y .

11. Reproductive and Teratogenic E f f e c t s

Gonads Testes. Complete tes t icular  necrosis occurred in mice given
1.1 mg Cd/kg Sc. Doses of 0 .25—0.5  mg/kg, however , caused l i t t l e  or no

damage (10). In a study involving 80 ra ts , Parizek and Zahor (31) found
severe damage to all testicular tissue as ear ly as 24—48 hours after sc

injec tion of 1 ml of 0.03 N cadmium chloride . Edema and cap i l lary s tasis
were observed 2—4 hours after injection. Mason et al. (32) found a

dose—response relationship in a st udy involving testicular damage in rats

given single doses of cadmium chloride sc. The lowest dose, 0.57 mg

CdCI
2/kg had no effec t; at 0.85 mg CdCl 2/kg damage to the testes was

observed in 32% of the animals; at 1.1 mg CdC1
2/k g, the incidence was

90% , and at 1.4 tug CdC1
2/kg, 

100% of the rats were affec ted. Parizek

(33) noted a decrease in the weight of the accessary sex organs, semina l

I
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~ t i n t i tig 10 1 he’ au I liii l~~; 
• I In’ n I  I Ci i  :1 ~ Ci \ . t !  11% I g~i I ln’ t In t ’ I ii

“ i n t  o r Ie’ronct ’ w i  Cl i  j i ( n i t  any  t ;i~~ t t ’ i S 4 ’ 
. Mass ivo l~t ’moni li:i~~i , it t t ’ t ifl ui i .lIl i t ’ tl

by iioc i t i ~; i s , 1. 15 .i!ir,’ I vt ’tt Il l (ho t iV f l i  I i ’s  o t  :11 1 t : i  I g I \ t ’il s :i,Ini ( (1111

C 1 I I cii’ i t li’ t i l  8Cc ’ t n t  C S C ;1 I :i t I CS  agi ’ o t  0 .07 — 0 .  (14 mmci i ~k g • I i i  .1 l i t tItI\’

i’ .ii n t t t t ’ I ~ t l l iv P;i i i :‘t ’k • ‘ t  a I . ( 1, 7  ‘
~ • ihi ’ .111 1(1 1 :1 Is  li:itl it o i t t i  i l l  ‘~~ C I in! 1

m~’,i Ills t ’ , l t  I i t ’i ( “ t !a v  S C I . 1 C c ’ ‘1 ti i t  Il . ‘ i t  hi’ I ( 4 ’  st c is t O l c i f l i’ prop i t ifl :I t O  ‘1

I
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I 9— nor  Ii ’s os t o  rout ’ pheny 1 prop ionat e and thou I real t ’d w it It cadmi 11111 :ii t o t  :i

per s is tent es t  rus had dove loped. Kau 1 and Ram:i swami ( 38)  oh ser  vod

severe , but rov e rs ib Ic , elI ect  S on t h e  ovat- i e u ci i hot Ii mat tile and

initial U EO tTenia it? gerh ii s g i von a sing Ic sc n~ Ct ’ t Oil C I c adm i tith CII I or j ilt’

Mat nrc an ima Es we no given 0.45 mg ; inunature gorb i Is rect ’ ived 0.1’ 111g.

Ex tens i vi’ hemorrhages and w i dt’sp ri’ ad a i res  in were t citind in ii i i  ;iii ima I s.

A grauda I reduc t ion in ovar ian we i gh t S a I so oc cu rred if l (Iii’ adit It

an ima is. Fo lii cu 1 ar at  re s i a 111 i gli t 1)0 due to :1 i t t ’ ra t  i oils in t h e  b 1 tititl

supp ly rat h er than from a d i rec t  C I I  oct  c i i  cuidmi Lu ll tin germ i t ’ I t s .

l)eve lopluent of  p lacenta 1 nec ros 15 in p regnant r a t s  I ro;u ted w i t  Ii c adm i iiiii

lends support to iii is hypothesis (1).

Behav ior. Mad I a lou sek e a 1 . I. I’) ) ~I i c ovi’ reti t lint c aditi tim had :i

behav icira 1 e L I  O C t  on ma le rat s . 1 nj eC t i on ci i  c~-t dmi 11111 cli I or i d~’ at :1

dos :150 Sn I Ii c lout to C Z ut l  Si ’ C omp Le it’ t e s t  CU 1:ir nec i’iis is and pt ’rnlulut’ii C

st e  r iii t y (0.04 nino 1/kg) , caused a I empora ry loss c i t  i’ci i nl I:u t cmv :tc I iv t t  v

w i iii in .1 weeks in most an ima is t&~ sled. ‘liii ’ e It oct g raduta I lv s tili s i dod

w i t h  onl y s l i ght impa irinent of  sexua l hehiav ion :i t I e r  nicil t Ii;; .

Adm in is t i-a t  ion ci t androgens p reven ted  t hi’ e i t  ed

‘l’eratogenes is

To rat ogi’ n i c o f t  cc is have bet’ ii i uduic ed in rat  s , m ice ’ , zulld h ams It ’ r s liv

:i sing le in j  ec t i on ci t c admi t h u  sa It S s c  , ij ’ , or iv )  diii’ j ug I Iii ’ 7 — 1 1  ila~
Pt’ r i txl o l  go s t a t  i on. Barr 1.40) 1 iflhlitI that cadin i t i lt !  cli ion i do 1. Iti uM

++ . .
Cd / kg ’) Wa s ii ’ rat  ogen i C whieti adini ilis 10 red ip Lii Wi S t a n  i . e I  on ilav ~~

10 , or II ci 1 ges t a t  ion. 1)ose s g ron to r lu au 1’ 1~ tiM Cd + + 
/k g we U t ’ t i lt  on

.it:t I to p rt’gnant rats . Suscep t ib i li t  v was g r e a t e s t  when t iii ’ ~‘~impottnd

was adini n is ii ’ rt ’d on duiy 9 . Anciplu th in Im i a ci - in i~’ roph C ha Ini a • dv sp I .i st I C or

absent ears,  and iiy droct’ j ilia lv we Vt ’ t iut’ most p romi n e n t  inn It eil’muI I i outs

mont i cued. Subcutaneou s i nj e c t i o n s  ci I cadmi urn cii Icit t ilt’ WO FO h u t

t o  ra t  oge’11 ii’ in o it h ot’ St  o~k of  r a t s  emp loved in I lie sI niI~’

A t losi’ ~~t t ~ l i t  etl inc roas t ’ in tilt ’ ma It cit-mat ion ia  It ’ w as I ound by 1 sIt i ni

et ~ 1. (4 1)  ~ fl P regnant mice g iven cadmium t’hi I or j ilt’ sc at I eve Is o f  0. ti ~,

.5 , anti ~i mg/kg on day 7 of  ges 1:11 On • The hi i g u t ’ St  ‘ (1(1 t ’ i t o c  I ‘ dt iso was

0. 11 ing / kg. Ex t’nct’ phii I y was tlit’ Int l s t  t’om mou iuua It orina t I til t I t~ iitd



Ab sence of tail , vag ina l a tresia , and skele ta l  ma l forma t ions were also

observed. Some dams aborted. Amniotic fluids were hemorrhag ic. Cadmium

concen tra t ions we re si g n i f i c a n t ly increa sed in the p lacen ta bu t no t in
the fetus.

Fetal abnormalities in cartilage formation and delayed ossification ,

as well as cleft lips and pa la tes , were induced in pregnan t hams ters

g iven cadmi um su l f a te (2 mg/kg)  iv on the 8th day of ges ta t ion in a study
cond uc ted by Mulvihill et al. (42). The authors attributed the cleft

malformations to “a mesoderma l deficiency rather than to a delay in she lf
transposition. ”

Reproductive Performance

Dixon et al. (43) studied the effec t of cadmium on reproductive

performance in Sprague—Dawley rats using the serial mating techn ique.
Male ra ts g iven a sing le oral dose of 6.25, 12.5 , or 25 mg Cd/kg in the
form of cadmium chloride were housed with an untrea ted female for ten
7—day periods. The females were sacrificed 9 day s after the end of the

breed ing period (9—16 days pregnant) and examined for numbers of

reab sorptions and viable fetuses. The authors conc luded that cadmium , at

the concen tra tions tes ted , was wi thout significant reproductive toxic ity.

12. Cadmium Metabolism

The fate of cadmium in laboratory animals has been investiga ted af ter

expos ure via derma l, resp iratory , gastrointestina l, or parentera l routes.

Absorption

Skin. Data on absorption of cadmium through the skin apparently are

very meagre. A sing le repor t by Wah lberg (44) indica ted that guinea p igs

ab sorbed onl y 1.8% of 2 ml of an aqueous solution of cadmium chloride

(0.239 M) via th is route in 5 hours.

I
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Re_ j1j_~~ht~~~ ’ L ’ ract . Dogs exposed to  a caduti t nun il l liii’ id i ’ :hi ’ l t i S t i  1 SIlciWOtI

a rapt d c I en rauct ’ I u-cm t he 1 tungs dtt r ing t lie I i u’st 2 wet ’k s . Long— t t ’rm

c Ioat’ant’ e appea u-cut It) b ’ s I ~~ , s i  tic e no lull’ the r dec ri’a Si ’ was  oh so rvt’d

a t  Icr 10 weeks 1. 4). Fr iberg et a I . (1) Iiiivi ’ ‘st iiuated tha t  about I0— ~.0~.

iii cat int i utiti i nba I cii by I .ub oi .u t cmv an ima is is :uii sorbu’d

G a s t r o i u t t ’s t  iiu.i l T ra c t .  Rats g ivi’n ab o u t  ti .t mg/kg c it  ~~Cd ,is the

ni t ra t ’  aliparent lv absorbed about 1 — 2~ a t  t o t  2!i Iioui’ ui , as i nil icat ed liv

95 ~9’) 
-
~ t ciutid in s t  cinacit , gut , and I t ’d t ’ s ( 4b ) . Monkeys (Sn m i  i t ’  i

sc iuretus) ,  lnt th hihtt ’d wit h 0.17 ins Cd/kg—i .7 ing Cd/kg 11W as  
I I

re ta ined an ave l age c i i  2 .  9’~ ~ii t hi t’ :imotiii t 51 vt’n It) tl:uv s :111 en i ugi. st i tilt ,
as dote rm i net1 by who le body utez u s uremi ’ i t t  (4 /  ) . When I lie t iose w: h s reduc m l

t o 1 ug / k g 11W , t lie ave rage Wh it ) ii’ body Vt ’ t 011 1 tin a I t t ’ I’ 10 tlay s was I

(-.8). A cci ns u dot-nb Ic au~iunt of  tunali sc z’bed cadmi turn is t ’ I im 11:11 OtI vi :i L iii ’

I t’ces as Ia to as b ~. twt ’en t lit’ ~‘ Lb and lOt Ii tlav :11 t Cr 11gm ’ 51 i on  ( 2 )

Tr ans po rt

Catl mi urn is  t c i u ut t  in the b I cotl I c i t i  owing t ’x ~~t i$ t i r e v i ~ i :u i F ,

g a s t r o i n t o s t i  ii:u i t ruw t • ci t l u l e c t  io n.  I~ most s t u d t e s  on c len ranci ’ t i t

ca t t rn i  tin t f rom the hi Iot)tl o f  exp t ’ r iint ’nt a I ~un imuu is • ex posurt ’ was v i  .i

i n j e c t i o n .

t n t  ravenciui’ Routt’. ‘l’hie d I eai’nnce c i t  catl in i tuni I roth 1i1 :islihuh is

cha t ’ac t o r i  oil by au in it i a 1 i-ap i d pIta so to 11 owt ’d by a s lower phi:i se.

U s i n g  dogs • nK)5 t 01 tlit’ t . td  iOfl t’ I i Vt’ t’atlnt i urn :itlmi ni s i t ’ rod :u s I lie iii I r a t e

d is:uppeared I torn t h e  p I.ts nt:i w i t h i n  the f i t - s t  10 tn inutm ’s ;  t iui ’ron t (or liii’

conct ’nt rat ion t-eiuia m o d  a pprox imate  Iv I he 5,Ilui ’ icr I lie thu-n I ion ti I tIum ’

2—hour measurt’incnt 5()

1
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lntL-aper it onu’a 1 Rou te .  Max iniunu hi ciod lt’V e Is are renchim ’d wit hi in a

very short  I imi’ a t  ter an ti l t raper i tones I iii et ’ Ii on ci so 1 Ut) It ’ c adm i uuu

compounds. F~ r exanip le , Joh nson alit1 Mi 11cr (‘it ) tound that the max inhunt

ct i ncc nt r at  ion was t- t’aciied alt r’r S uuinutes in rats g iv en 
lO9 C~ ip as the

cli i or ide . Al tt’r 80 mu nu tes , the hI cod lev i’ 1 was on lv I 22. ci tI lt’ max irnutit i

va lute • m d  icat ing i-np id c learanc i’ lu-out t u e  hI cod .

Subcutaneous Route. Catlrniutu appeal- s in the b I~icid ilOtiti : i t t  m ’r

sthcutaneous injec t ion of a so lub le cadmium compound and reac hes max m int11
I (‘Vt’ Is Wi thi in i0—~0 mi nut tes , depentl ins Oil the’ aniotint in ec t Oil . Most ~i

the e lemon t us I ound :11 th is t i me iii the a I htumi it or I at- gm’ t- pro Li ’ in

u-ac t I Otis (2  ) . During the ii rs t o lion rs a f i t ’ r a s in5 he se nj e’ct ion , cii
109 

Cd • the p 1 asina Ctifl Ia m e d  per nil it Vo m utt’ inoru’ t a d  u ciuic I iv it v t haui it id

t ho b I OOd ce Ils . in  i a icr per i cid s t lie rad i on c I iv it v iii t hit’ p I .t snia

dcc lined to 1 t~~ 1 OVO is , whereas in the b I ooil ci ’ l Is it lilt’ nm ’a iii ’ ii ( ~

In human beings , a mean blood—Cd cont’oiit rat ion c i t  3 . -. hig! ml was I cuttid

in hm’n 1 thy sub j oc is w i t  It nct’rna I Ii 1 ciotI ~it t ’ 5 Siih’ t’ 55 compared w i t  Ii :i itk’iih i

c i t  II . 1 ug /ntl in tint i-en ted hype’ i- t ens  i ye pat i ‘uit S .  Il l cod c oitt a ins ,tbcit i I

0. 12. c i t  t h e  tot:t 1 body burtlen of catl ini thin (Si) .

l’issue Distribution anti Rete n t i on

Oral intake.  I n t~a t  s g iven ~ 5cadrni urn l i i  I rate ’ tira 11 ~‘ , t h e ’ It vet ’

conta i iteil l iii ’ g t’e a ii’ st to t  :i i amount u t  c ~idnu i urn S hours :ift t ’ r

admi ii i s t  rat  ion . ‘the maximum t’on i’ m’nt rat  ion was reached in both organs i t t

12 hours , t o  11 ow ing wit ichi tliet’c seemed to  h’  a s low dec r e a s’  over C lii ’
r ema indi’r o t the ibO—huotir observation per tot1 (4b ) . Fr iberg e’t a I . (2 ‘I

noted a st tidy by M i l l  t’r et ~ 1. (56 ) who gave goats a si us le ~na 1 dciii’ ci
109 cadmi tim cii b r  ide’ and obse rved t Im a f tc  r 14 tIny s tilt’ conci’nt rul I m cli

in t he k i tlni’v s was mtire’ than twice as hi igh as t lint i n  th e ii V O r

I

IS 
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Itijec t  ion Rot ut e . D i s t r i b u tio n  c i i  cadin iuiiu I~ i I Iow ing iii oc t  i t ’ll V i i  105

~-oii s i di’ m b  Iv di’ pi’uitl i iig on l iii’ dose’ and t hue t irne . A it  or uii take ’ to  (Iii’
b I cod , the l ive r —

~~ i dney d is t u- i bit t ion pat It ’ i- n is ge l ie ’ i-a 1 1 v I lie’ saute ~u s

t hat totind a f t e r  t im 1 admin is t i-at ion. In it in l i v  , most  ci t  Lute , u~~ huii i t h u

goes tci h i t ’ ii vu’ r anti re ’ Lit i ‘~‘c iv s um ii amotin t s t ti tIlt ’ k i d u e ’ v s . i t t  t o m

k idney 1 i’ve is i tic i- ease and event t in El y hoctime ii igher ti ma it l t  ver 1 eV e Is

(2 ) .  For ext-Imp It’, Burc hu and Wa Is ii ( 55 )  gave tics s nit iv inj i’c I ion c i t
I l’ilflc~idtnituitm n i t r a t e  ( 0 . 3 2  to 0.4 mg Cd/kg ) 

~t i i d founti tha t  the

c t ifld e’ iit i-at  i on iii t hue l iver diii- ing the f i t s t  24 hours was c Ot is i ~i~’ t~ut i lv

g t - e a t  or than that  in time k idneys .  A t t ~’ t 20—it) days , t i l t ’ cOnu ’ e ’li t r i  I ton iii

the ’ k idneys was 50 Ic 1002. that of  t h e  1 ivt’r levi ’ ls

P ia c m ’nta i  ‘rransft ’r

Expt ’r imenta 1 Animals. An inn I oxhier intents have iiiil t c . l t t ’d I imat t i le ’

p lacenta  is a hart -icr aga ins t  t hui ’ I rails t em c i i  ~‘atlm i t u tu w iit ’ii stun 11 dose ’s

a r t ’ g iven. When t i me dt i 5t ’5 at•o l a rge  cadnu i t im utunv ‘‘ti m ’ s t  rcs - ’’ I lii ’ P 1 .it ’ e’ i l t  ii

barrier  and enter t Ime f et u s  (2 ) .  Bet - l i t i  and (Ii Ihcrg (5t ~ gavi ’ pt~ ’ gtmai t t

mu ci’ s t  ng Ic tv i l l _i Od L i  otis o I CtI 
10) 

CI 2 tic c at - u t e n  — I ne’e) . Au i ma is

stm cr iii cod on the I 8t h day to Ii owing concept to n showed no ~-atInm ~ tint iii lilt ’

i~’ I t t  s , a it hiougli a s Pt ’c iii I uptake cii t i le ’ 0 1 eimieti I was  toutid i i i  Som e ’ p . 1 1 1  5

c i t  t hi’ p 1 ace ’nt a. On t hit ’ ci t he r Imand , Fe u-ut t’ I a 1 . ( ~ 1)  found s i gni I j t ’ at it

arntittnt ii of  cadm i tim in both t i lt ’ p I acon ta  and R’t us in prt’giiilitt iitiiiis It ’ F$

- - 10’)
a f tc ’ i- admin is t rat  ion ti I a sut ig to iv dose’ c i t  CtIC I — C~ISt)

( en ri- i e r — f  roe ) on t hit ’ SIlt day c i t  go s t a t  m ciii .

Fr iberg oh a l .  (1) s t a t e d  that t he ’ I iver  ~tii~l k idney appear Iti b~’ t i l e ’

t wo or gaits c i  g men t e s t  j i lt t’rest w i t  hi regard t ci ~-~tti uuiunl s to rage .  I ndt’ed

pr icr to the cc ctti’relic e c i t  rena l dam age , 50-- i 52. cii tIlt ’ Ic t a I iicuiv titit-di ’im

c i t  ctmdm i urn is t’ st irna ted It) he in t lie’ se ’ t wci organs t n expet - intent a I

an ima Is . In these’ two tirgan s , t him’ pane u-ens and s p 1 eeui a Iso st ciii’

ri’ lilt ivm’ ly I argo amounts ; som e cadmium w i l l  he t cithiid iii mu’ st cit hi e ’m

compartment s cit the bcidv . The tuc c uuiu I at ion itt ( l ie ’ ii vu’ t- and k i ulncv s

~-mppe’ar s , at least • t o  hi’ tutu in lv de’pm ’ntit’nt ott t hit’ sI uittige’ c i t  cadmium t im

liii’ met a i—h i nil i tig pt-Ot t ’ in, tim icine’ iii . 1

~~~ 
_ 
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lluniamis . it ’ i i , u t i l ’ e ’ i’I ~t I. ( i5 ) t ctut id it~ i i i ’ i m t i ’ t i t  u a t  ic it is  c i t  t h e m ’ t o  1 1~ ’w t t u ~

s ’i dt ’t i f l  t o t  c i t’S d~’t t v m ’J I t orn  _ l a p t h l m i ’ s L ’ nIc E l iom -t : wil t ’ It ’ i’mt’ u v o ,

0.0 12 — 0 . It) 1 tig . g we I I us site iii ‘i 12. i t t  e ’ititi i v  i ’S iii ci t I t  v i i  s • ~t me ’.h it

1 eve I c i t  0. 11 I ug . g ;  in -~ c i t  k i diie ’v ii • mmum ’ iui 0. i~ ‘ tu g g ;  iii 1 2. cii t ’m a iii

Uk’ at m 0, i _.+ tig g . Wluu i Io e’uit’ t v ci ccit t  m ’iit i at i otis wt ’ i ~‘ t h E m ’ m mml i uo~i t i m I i t  ~t

I t itml m’ -i( eu t’tuli my cis . L iv  ,‘t  , k t ~i i i i ’~ , and h i-a iii dot i’ m tiit t i n t u ~‘im s w~ - t o tita~i,’ ciii

o t  U 505 c i t  t iii ’ Si ’ t’ ~in~i E r  t li lt ’S t i t  . Ncum ’ ci t ti i t ’ iWci t i lt ’ i -‘ tia~h it .u i It a i

.1 u sense ’ ci- ri ’ s  t de ’d iii till i t  ~ta w tmi ~ t c t i t  ti _ itt ti t’i’ti t e ’ li t it  C e ’J

Ex ci-et ion

~‘utm ti tm a 1 s l u t 1  icis im .ivo simt iwil t h a t  a I I m ’ t _ i S I umg It ’ i’ \ p o S L h i  o 5- adut i ituu ’ t t t _ iv

t ’ x c i  t ’ I t’ii V t a (lie’ Ut t iit ’~ I t ’O 05 , h i i~’ • ii.i i t  • cit s .i ii v,s

I’ t t naiv E x c m t ’t ton.  i.tic icis i’t ~i I . i. ~‘ 
‘ t citiiid I t a t  iii i a I i t ci titm~l 1 2.

c i t  ~i s t ug  ii ’ so iii ~
j t ’ t i ciii ~‘ 

1 u)’1 
,i,Itt mm tim so I t iE i ciii lii s ~ ~~.

‘ t . 1  t ’ ii i t t  lit,’

t i le ’ ~i it  or ciii’ we e ’k . hu t  au ucit her sI u~Iv t i ~ u u t  s • Si m~-t i liii _ lU~I 1 110 1 t lS

cuind a ~la t L v  t ’ x . - r et  t ,‘im t t ~i t i m e c it  t t ie t c it  ~iu Iv 0.00 1 to u~ . .‘ c i  t lii ’ .1.’

ttdrnj i i i  s t o med. Iii t i m i .s s t  t i i l v  , l m c i w i v i - t , i~~iC I c at  m t~~’i 
- - I t t ’O au~I :11

~- iiI i ’ t l  di’ ~~hiU ’ w e ’ i t t ,Idl titti i s t i ’ i t ’tl ~ i umiti l I aile ’t ’tt -~ I v .  A t  t o t  ti ll _ i iv s is ci t a

iittt mth t’r c i i  01 hm ’n st  uii t~ ’s , Ft t t’t’ig i ’ I a l  . , isso I t ~-J t ha t  iii ’ Ociuii’ I u s  I Otis

i ciii Id ~‘ t ’ sit tiWl i W i t Ii t i ’ ga rd Iii t im  u t i_ i l  V .‘ \ 0 i t t t it ’ll ci t 0 _lsh uit i ton I , t i i  ow i umg a

S i  05 It’ e’ xpcs Oft ’

Ext’ t o t  i ciii V itu I lie ’ A l  t me’ itt a my im .i5 I • l1e ’~ k m ’ t ot .l I . I, -. 1’ “ g.mv ~ t a t

S i tig Ii’ iv do so c i t  i d  t O .  o tug ; kg ,uiitl t cietud t Ii ~i t ~i i t t ’ i 2 ~ Imotu t

1 , wa s p t t ~ Si t nE  iii I hit’ I ~‘~~t t s  . At t o t  12 l iciui ts , 1$. “ i ’t  t t im ’ ~~~~ ia,i

be en e’ I inn tint e ’ tt by t l~ t s mot i l e ’ .

Ma im— . Tmtilma ii t amid ito t ide ’ii~’ i. tilt t opcm t m ’d h i t  g lm ~-ouic emm l a t i ot i s ci t Cd i i

( hi m ’ h a i t  c i t  m a t s  and tat ili its i i i i , ’o I e ’d w i t  ii ,t d i mi t till t Imi d StI ggi ’ s t  i’d (l i nt

ann iv  s i  S c i t  t hm e’ ha im ocit i  ii b e c i t  i’.i liii’ (cii s t  t umm a t t mig ~
- adium i ciii I m ’%’ m ’ 1- ; iii

worki’ i s 0 xl’ cisod to I hi.’ lilt ’ t a 1 cii i t s ~ ci inpotiumd ii. hi t ’ i liii tumi d I I I bm ’t g it ‘it t

i ’tiitd t lint t’admi turn a isc i  ac ~
- tinmu 1 t it  ~‘d iii I h I m ’ l i t  ii c i t  un it  t c i t  I ow t tu ~. a

lOt)
Sit ig it’ ul ciSt’ c i t  ,idtii t mini .
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Mi lk.  Fri butmg et a 1. (2) ott Icti 1.ute ’d , I rout ti m i ’ tin I a cii Lite is u’t at

ti I ) , t hi nt exo t- t’ t i tin ci~ s’ttdmi utrn i t t  t he mi lk was i OS S than 0.052. pe ’r gi-ani

cit imm i 1k per day t o l l  ~~~ ins a Si 05 Ic sc P0S I ‘it - i t tint i i t J m ’c I it )fl ci Cd

together w ith 
bS

~~1~ t o  tt’rntt ie’ rats. lit a s tud y iw inita kti ot tiE. (b2),

stick Ii tmgs of [cumin ii ’ mi ci ’ mtot g ive im rail iliac t i~~t’ cadmi uttm wen t’ stick led by

t~’ inn ~ mice t imat h a d  been g ivu’t t  mad i ciac t i vu’ cndtii i tim h’  fore di’ Ii ye rv

At Let I-. days , 0. .12. ci t hi’ sicisi’ g i you t hit’ s us’k lt ’ms was I ouind jut time

stuc k h ug s , as do to u-mi nod In- who ic body men sit rt’immc n t s . Si ii~’ e 5011k’ c iidut i urn

tut u st h ave’ been t ’X c  me ted v iii t lie I e’t’ t’S o h  time stick ii iigs , thm t’ tot i i amount

ox ~
- t t t It’d i t t  t ime stuck Ic rs milk mutst have bt’e i t  gre a l e  m t iman 0. 32. (2

Sa l iva. Dr i~’~~en u’t al . ( ~ 3) 1 ot tutd average co ncet i t  i~at  ions of  t’adni i urn

in marmoset sti ii va a f t c  m St  tutu I at ion w i t  hi p i Icc t t ip  i t ie ’ and tueC ito lv I t o 1)0

4 • -e uig 2. aut d 7 .8 tug 2. , l’i’spec I ivo lv , w i tii a max iuuuuu o f  .3~ . -* tig~

(p iI~x -am p ine).

Bio log ical Hal t—Tim e

liii ’ es t ima ted  b ici log ict t I hitm i t — t  iune c i t  cailimm i tint lo l l  OW ilt5 ti Si  05 It’

o xp os ti re is ab ifli t 200 sia~- s in r~t t s  amid flt~~Oci , 401) days  i tt dogs , .mnd 1 . 5

von rs in squ irre 1 uxinkev s . if re na I ~i sfun~’ t ion cC c t i t s  , t Ile’ l i i i ) I cigi oti

ha It — t itue’ w i l l  he i-h anged ~‘ outs ide u-nb iv ht’c nit so iii ti lt ’ 5 ri tn I t ’i’ e’ XO Fi’ t i ciii

ci t cadmium ( 2 ) .

IL Carc inogenis

No data in I it e r a tu t - t’ suu rvev u’d to  5Lit e
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~It ~i~~~uiNlC t i t \ 1 C I I i  It S I i tit I - t i ’mit i t e s t s , Ios~ ti i t i tt ‘)O s lavs ~

I. Iim’rnn I ii L s t~~~ ~ t t I o ct  s

a I st  t id t o s  in e’’t pm tm i itu t ’m it ~i 1 an i tum a is have u e v t ’ ,i led h i n t  ~- a5hut m i ciii

5 _ iti S O S  _ i t l t  UI a. h- i  ib erg 1. ti- c 1 
~ ut g g t ’ St  Ott I t m t t t  t ime I v pi’ c i t  .tue’in in t uis itict ’d by

,- .udrnt t im w.i s imm a 1 a lv iv ps~ lt icimi c , anti lie st iid tot l  t i l t ’ i’t fec t c i t  I I- cit cit

l i v e r  in ma Li ’ i n  I’~’ it s g i Vt ’u i d~i i lv Ss ’ iii .1 t ’C t i ot is ~it  0. o ’  mug kg Cd t,o

-~ wk ) civ eu _ i r et  i ci f 70 slav s . Ev em i large ’ arnotutit s c i t  i r t ium , uciwi - V i i

.i i I i’d t o  u’ t irnp Ii’ t o  Iv r me ’vc itt atic mim i a , i nd ion t u mig t hat Limi t c ~‘uisI i t i cim~ w.i ‘

_ h~~ t m  li _ it - I t O ~ im .1 it o  ~-a t t o il in it -ott c i t  i 1 t a ion. ihe ’mcig lob in t a  liii ’ s ~o’ t o

s i gu i t  t o  alit Iv g re’a Icr iii t lit ’ g moump t O O t ’ iv i ti g i mcii t i tan iii cit h e m  S motup S

i n  t i l t s ’ t i ’ti ’ m St tidy , tIlt ’ t’ t I ~‘o t ci I ii iutt’r c tip mc I on t’ admi uuii t i l t  ox i 0.11 tout wt t s

t liv e’ s t  i l t  e~i . Rabh i t s  g i veil 0. t iS  tu g it’d. kg, as s ’ .is irni tim s t u  L t a t t ’ so , t’ sL iv s

pt’ i week t or IL) 
~~~ ‘ t’k s • wu’ me I re ,u t i ’ti ~ t i me s ~‘a5-lt ~l_ iv wi t hi u ’ i t h i i~m . cit 12

tug kg SC iii ) t~o L u  ~‘iis c i t  t 1 mm ’ drug . A c oo l  rd g rciutp me ’ct ’ i t e d  adni t tu rn

It  at ~- on lv . A s i gn i t  i 5 ait t iiid r m o g m ~ 55 1 Vi ’ ~tec mot i  so iii hi ocid ii i’uitcig lot’ iii

cit-C ur red • ~i It liciugli i’t\’ t i m mccv It’ C outi Is iii ’O men sod s ii~ti i l i t ’ t i t i t  Iv ciii Iv in Li i i ’

It i gh si ci St ’ d imero ap mci I .in utm a Is . I’he’ iced i ca t  i ciii a iso so o ute d t ci womso U

cit  her t’ t I ec t s c it  s tud iii i nun ro i sciti ittg , i . e . . p no Li’ i ti n u- i  a , we i gh I los-i , antI

ho tt m.m li t v . Fott r an irna is te’ ~~i’ iv i rug t he ii ighme m s ic i s t ’ c i t  d tine m5 -ap no 1 jmid 1

gt  von titi lv cadmiutu st i l t  ate  t i iet i  Ott o t u g  t im e ~tx p e r  inmi’ut . A I I tin tuna Is

shiowt’d s p i e m i i c  t ihu -cis is , iit ’p_ iL  t 5 - s~ imm lucis is , and nep lmro s is  Zit a utc i psv

Cadmiutm o cii’u5-eti t tat i otts c i t  t he’ or gaiis s t  it O i t’tl si lsi i tci t si i tt  t ’ t - I u-ciumm g t’ciulp t o

o t t  p ; v a liii ’ s ~~‘ t i ’ nO , 30 , and 2 imig / It) 0 g we I t s suit ’ t o t  Ii vi’ r • k i tiflO v s

.iu~l sp I Ct ’ t is • r c i s p e’ . t i t ’e lv I, ti )

Bouim’ Mnrts iW olmt i t m &t ’s

‘h’hoie Wi’tm’ tic suhi-liron t~ ’ stud t o s  t o g a u s I  1t15 tilt’ t’ t t  i’ t ’ t c i t  .‘adti mtt t t mt ~‘ii

h cine’ mart- ow iii t’ xper imt’tmta 1 au ima is in I he’ Ii Li ’ t a t  tire ’ st u i t ’ t ’v t ’sl

h im i st utiv by Fm uh e’ug ( bb , bt ’t im’ marrow t’xatmm i titi t i outs ot  19 wci-u k t ’rs

i’xpost ’st t o  5- tmdm ittm revea led no Paths) Log i~ ’ s-iiangt’s
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l ututuut i t. ’ I R~ s j ’ d t l S t ’

R,it’t ’ ii 5 4 l v i ii ~L~0 pp
~~ 

c . i . I rn i t t m oh ~ot t i e  t i m I i -  ~iu ink itui ~ w. i t  ~‘u tot ,
~t)

5 lav  s ha5i s i sli t I t  ~
- t int v I ‘w~-u nell t t , i  Ii tu tg a t mt iboslv I t t  o t s  I h _ i t t  di5 I  I Ito

s- omi t t o  Is , i t t  i’ m  t moo it I .m t t cii m w I t  Ii p sot u ~Iom.i i ’  t~ts  t- t i u u s .  Suit I h ci~iv t i t  m’ IS

we ’ i i ’ .h’ t i’t i i lt  ime ’~i ‘v t me P 1 ash t i i ’ us sa t  tit~’ lit  ci.l ~i 
-

• .  it e u i t j u l Ni~iv . ’ ut s ~‘ v 5 t e ’tut i t i ’N~~~ i t t t t C t s

N5’ .i,u t n t t ’ r ‘ i t  ed iii 1 t t o  t a t  t i l t ’ s to ve v e~j I.’ On t o .

-
‘ . h~’h~m v t t ’ t t i  I ~ t It ’s’ I s

No ~i _ t  I i  li’h’o m I i~ si a l i t i ’t .11 t u e s L i t  V i t ’  iii t o  5Li t e

I’. it~~t .1 o t . i S . -u ltu t E I t - 5’ I s

R_ ibt ’ i t  s

Ut u nO e t .u ~ c’8 ~ i tidt uc i’d tv  ~~i’ r I o  u s  i cu t a  u ~t~ ’~ ’ it s ~ 4 iv ). ii wt ’s ’k lv i

itt i i’O t t ~‘uts c i t  .i.l ni nun .uc e t a to ¼ .~ hug kg t ci~ ‘,~ i’ ’ k ~i . Ui~’ t a t  h m c i t s

S t tg 4m’ s t  i’d a 5it~.• t  i _ t S s ~ i t t  t’~ u ~.‘it Uut i i ’ S 
~~~~~~~~~ 

I \ t ’ iii’ 5 S t . ’ t t t is~ t o t  ‘it s t i m  ,t s  i_ t v  t t i s~

.u t . ’ .‘ t i m  t b~’ i’ , i t  ho4 ,,’ iii ’ 5 i S s~ t i ’ ,iO iii iut im liv Pt ’ i- I t ’ as  t o t t . lim e tn~’u I a I t i  t t .u C e

.‘v s t t t h e ’ 
- — W i ’ 5’k pi ’ r od ii~ u s  .‘ ‘

h~tit~~

i’ cit I c ’ t et  a 1. ¼ (i ”) “ I 5 iuiiisi t m . ’ cv t .lm’ m m ot ’ c i t  _ uum e li’t- a t  t ot t  t a h~ I ~o.t

‘ i i ’ t5 t i l e ’ l it I m ’ili _ i Ic ’ Sp t as~ut~’ 
- P.uw 1ev - 

~hi ’ i t v e ’d i-a t S ~ 1 \‘Oti  _t.l tmt t turn _ i.~ 01 .i It ’ t

.tt .~ t nt~ C~i ~~ . t .~ h i  .~.‘ i’.l by _ t sm ’c ot m d  .ioso c i t  I mug it.i ing u, ’ i,t ’ s -k s .1 t i ’ t.

Sot  I u. s It - il’s t iciumu .‘ .i.h umtit imm m — I i t ’ t i t  e.i j u t s  ~ito~~~
j a 0 i~ui a j s i te d t e a t ’ t i  11 v t o

.uum g to t m ’uiS i ii • e~’ t t m t ’~ ’ i t i  h i m ’ • ham t tuu mm , ,mn.l I v t ~inm u Ime ’ . liii ’ S ui t t ~u. ’ m .‘ s ’uic UntIed

‘‘ thiii t ~ .tuI umi i inn do semis i t  i ~‘s n .m t i-as .- ii 1 .u I t i m e  t o  va  s.’5- outs I t-  i.- I .‘i s _ m itO

tt _ i sod t Lit ‘1 s t ndi’pe ’mit lm ’iit lv c i t  t t  5 ti’ t ii I v t ci c ilia Se’ liv ~ m’ i t t ’ us i 5’ui • ‘‘ Fow let

o t a 1 . 0 ’~ oh 5 t ’i \- m ’ ti I hal .‘m , u 1 a.iitt i t i  1 s t  I- al Ion c t  o _idn u i turn c~ utt  S m ’ .1
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s- o u i s t r i c t i c i m m  c i t  t i l t ’ s t m t a l l 5 ’r , ansI umt i 10 dt L it ion c i t  r i te  Lit - ge t . t i ’mia h

.irtt ’rit’s , u—i we’ll is a t i b r c i s i s  s it  pe r i L t u bu l a r  c _ i h i i h l n r i i t
~ ill uu u , uls ~ I- ut ’ ; .

I’ u~ nut t :ut ,u I—i wv u- .’ t t t ’~l Li ’s1 w t t  ii cadimi u tutu cit lou t do jut t i u m ~ dm t tik ins uti I e t  a t

1 Ci’s’ Is ci 0.0 to  21)1) ppit m it’d 1 1 )  I or b s ir 12 wt ’i ’k S . l I e ’ s h i m ~ Is c cult a i tied

tic t~ u_ i  I t,O. ) or I o~ (0. 1 ~ cii Ic t uttt . Ca~ittt t m U  0Ouis~ O u t  t~t i t  citi S i t t  I t

s i sit is ’V  c i t  ai m bu m Is on a low on Ic mciii ~I t 5’t Ws ’ me ’ ii ig im t -r L t ail L host - ott li t

to i- tn ii 1 0 t o t  . Iii _ i s i  .1 it i ott to  Lii,,’ t’ I ciod Vt ’ s s ~ ’ 1 e t I Os~ Is oh s’ t v~ d , o , t  .Immt i ciii

a Iso .‘j tm Si ’.l ati inc r~’as,,’sl bVN bit t lit to I ubu I ce 11 siaflidgi’

hioc m t c n nnd ii~~s t o c he tnj ca Chtu~~~~s

Li Vt ’ m amid Ri dtiev Enzv nme s

r — .- rnt st  it0 [05  ii) ra t s  m~ ’i’o a led t lun t c tidnt i tuum t i its’ rca Si ’sl t Ilt ’

lv it v c i t  t our l u c o s e— sv  t it ito  s i - t  mu g enzvtmtes iii hot It li t er tilts 1 k t dn s ’v

l Im e test arm irna is woo.’ g iven  5Li ii V j I
~ 

iaj i’c t t ou t s c i t  cttd rn itu nm t~li lot- itt ,,’

i ing~ kg ’) 
~‘t ’er a pet- i cid o f  -~ s d,ut’ s C,ui i t t o  Is tOt ’ .’ uv es i  s t u  h a 5 ’. Aim

utic r-e.u so in h Icicisi g I noose and a d,,’c men so i ul it t t ~ t g I s’ WO 1 s ’

C o r t i ’ I item i w it it t ime i no rensed ,,‘nt~vutic tic t iv its’ . Even w imt ’tm c. us imi t uuuu

Iti ec t i o f l s  wen t’ d isocim i t itiuit’d [or 28 day s ,  i n c I tt i s o s  in ~ lmt ~’~’so s v i m t h m e s i s

in l i ver  timid k i dti~ v c o t  Lox Wi ’ t-o u mci t  rev.’ rsed  7 1  . As-co r d j ut s ho N h OShI

it I) • tiis’s~ data s Lt 4a s  st a pcis s ii’ Ic b iociii ’utu i ca l has is t oi scum- c i t  t i m , ,’

o x ic e t I or ts c tutu sod by .-admi uirn. ‘lime i o i ntod ott I • lmow,,’v,,’m ’ . t ta t Lii ,,’

re sti l t s ,ir.’ in d its’C I coa L tas t wit ii tiios~ of Ru ttmmt mn e I t t  I. . lb who fotunsi

t lint cadmium sI  v- cing lv i nit i b  i tesl g I uc5’s5’ t oruna t i cut liv rat k i dii~’~’ ocr  I ox iii

vitro.

V i g Ii an i 72 noted .t sever e meduc t i cmi in k idui~ v lOut’ imit’

aunt nopep Ii .ia so no liv it v in Ct’ 51  volt “0 ug/dtuv of  o adumt m urn 5wet ’ a pu’ r i cO

ci t  “ dat’s.
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Cyclic Adenosine Monophospha te (AMP)

The effec t of cadmium on AMP in time testes and prostate of rats g iven
dail y ip injections of 1 mg/kg of cadmium chloride over a period of 45

day s was inve s tiga ted to ascertain whether testicular damage was related

to changes in th is mediator. Decrease s in the wei gh ts of the tes te s and

prostate , as well as decreased body wei ght , were observed in the treated

ra ts. Cyc lic AMP leve ls in time testes remained unchanged (adeny l cyc la se

was significan tl y in creased but th is was offset by a concomi tant increase

in phosphod iesterase activit y ). The ac tivi ties of cyclic AMP—dependent

and AMP—independent forms of testicular prot ein kinase were decreased ,

but the binding of cyclic AMP to prote in kinase was not affected. The

results were the opposite in the prostate gland : there was a decreas e in

cy clic AMP (attribute d to a decrease in activit y of adeny l cyclas e),

increased cycli c AMP bindin g to prostatic protein kinase , and inc reased
cyclic AMP—dependent prote in kinase activit y (73).

Mi tochondria

Spor n et al. (74) found evidence of altered phospho ry la tion

(uncoup ling) in liver mitochondria in rats g iven 10 ppm of Cd (Ii ) , as

cadmium chloride , in the food over a period of 60 days.

Collagen

Panigrah y and Patnaik (75) studied time e f f e c t of cadmium chloride on

collagen in the garden lizard . Ininature male animals g iven two 25 ug ip

dose s of CdCI
2 

7 day s apar t showed increases in the so lubility of

collagen and in the sol uble/insoluble collagen ratio in bone , ca rt ilage ,

and tendon , when sac rificed 2 weeks after time first injection. There was

a decrease, however , in the tota l collagen content. Tu e authors

sugges ted that the cadmium salt prevented collagen cross—linking and may

have in terfered with collagen metabolism.
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wlte I 1mm ’ m I Iii ’ te ’t a I a m t t mu ul : u ii i ’mt wt’ u & ‘ t i l t ’ t O  S ut It ~ I a m u m  i ’ s’ t  t i,, I i ttU sit ~ ,ltittt i tlmtl

mit t I Ii,,’ I el lis cii t i iiu uu 
~ 

Ia t ~o itt a I i ’ It m ’~’ I iii u nti Ic ’ u - i t _ u  I i ’ I It ’s’ I s , iii uig Iv , u t  iii

cttuimb j ima I t cmi . ‘I’ Si’e’ I ktivn (SI • 8~ ) I cimuumt .I tutu e I t i ’ , t  till I l i m ’ i’ m ; I i - ui c v it’ I i,’ u ii

I m ’uum;l le u tu (ml 0 xpci~ m’d t o  s’titi uui I m uu mm tilt It ;u ii ’. N~’~ium ~u t i’s I m ’,tuii t ’ x i’ i’m;e d datum t~’ i - I

sumu:t Her anti we igim m ’ ti loss  I im;uim t i I It; pu - tug c i t ccit t i t ’  I tu it iuii:u Is t iutul Iii.’

t ’ nduit i tim ~ mi l l I m’ u t t  i i i I In’ ii vol was -‘ . ~ I i lim i t s  ti m; iii gii a t  i i i  t Ilt ’ t ’ oimt m i  I

I .‘ . (ha mill mm u uu Mm’ I alit, Ii sum

Absitu’pt ion : Ca s t  u- m i i u m t m ’s t i ut a l  Ti-~~~I

Mi I I~~i ot a I . It 8,’ m’sI i utuat Oil aim I S ‘ - tub mii i u p t  i out it t c i t i I Iv iii .1 1 di ism ’ mu cii

o tmd m i lull It 1 .0 g/ day) tuduim i ti  s I t ’ m~~ii t o  e t iwbi u’vi ’ u :u p t u  i t id c i  - ‘ wm ’,’k S t ill tI m ,’

ba s i s  o t  I t u md i tug 8.’ ~- ci t (Iii’ ult int igi ’ i’x u - t O  I 00 ~il lilt’ Im ’m~m ’~~. Fm- u Ii ’ig i~ t tI

‘I stat m’d I hat tIm is Ii glut i ’ simm it u Id ho m05:t l ti m ’il w i t  Ii cant  i oil si ui ci ’ u I iit t ’u

b~~t ’it nl mm iwi m I Im~ I t’ i tWS i i i  ~;mtIiui i iun m — - c t ilm l :uii iu mi ll i ’ d : uu  i ’ .i t ; c i t  Swm’tlm ’ui sh ow Im ’i iti I
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I i ’ve I mu are ieuumd 1— 2  tug Cd/g  wm ’ t l i t ’  ph I wit it -h i ntl it -a t en :t low ;ihsm irpt i out .

‘ I h m ’a~’ :uiiI l im i t -  It  i~ ’s s ’ utf l e’ I lt t i t ’ ( i  I ii~~t most  ~nitnzu i sI lid i t ’s  uid i c a t  u’

ti s u i t- p t  i out mit nh oui t 7~i of i ngi’mu t eu t ca m im I mliii
’ t ilt liu ’mug !t liii - rm’ ti ri ’ i :a r gm ’

I uid i v  i i l l i t l  I var jil t h i t S  . ‘1’tmt ’ v po iii I oil cit t , Iiuiw, ’t’m’r , t ita I ti low u - ta i t ’ j tim t~ r

:1 low pr it e in I ut ~km’ wu 1 1 ins i i ’ .i si ’ t ’ t mi !mi mliii ; hhS uu t- pt  i lium !i’%i t u I t i m ’ I mi t - c i t  7 o r

mci i’ m ’

‘it- it it  S1imi it

Fr ih m ’rg ((‘‘u ) tu t imi ulisI .‘ri ’.t ~ mum sI l l  t a t o  s o (0. (~5 mg (‘m t / kg ) It ’

r a bbit s 6 t ! ’ v s  a wot ’k anmi I u ’ l t h t i t .1 sI ,‘:iik- inc ro a s t ’ in i ii mi ii m l 1 O V e ’ is m ip 10 0

mtix I uutim c i t  mo rt ’ I imn ut 7 m u g / m i  t i ~t i ’ m tu hoi tt (uO uia t ’ s

‘Ii s sUm ’ I) i s t y ’  i but i t it i  :mumd Ri’ Ion I i ciii

$ L ive r , K idney , tu no roas , Sp leen.  Fr iherg (S I) gave sc iii ~i ’ t ’ t I u iu i t; c i t
H 5

s- .qdm im um mmmii f a t m ’  (0.65 mg (‘ m i t k g ’) to rtm hb i t s  It dat’~ tm ms’m ’m’k (t im 4 m,’,’ u ’kt ;

in O h m ’ p r im Ip anO for 10 wt~m~k~ 1 ci ‘t nm ’~’cuttJ 
~
‘ rt ’uup . At I u ’ r ‘i ic ’ i ’ i~~~ S , mi ’ : u l t

c’t i ’ ’ iii I urn I t ’Vi ’l n I n 1 i vi’ r • k i due v , pant ’ ri ’tt s , ~ut0 sp ii’u~ ut w m ’ T i ’ 1 1( 0  • (0() • 75

and ‘iS t ig / g (dri- wt  . , ros pi’ct l i t ’ 1  V .  A f t m ’i— II) t i ’ i’ k m m , I l it ’ s u iu i- u ’s pminm ! I t ig

vt’ iuu i ’s wm’rm ’ I/iSO , 100 ), I ~)1 , tint t I SI) li i’ /~ ‘ .

Embryo ti m-i d Pi;icent,’i. Iii pregnant l it  mu l ’xpm ’sm ’d I rout t Ito tltu v c i t

COf l t’ t’ pt ion to m’adm i urn ox i do • ‘ui s t  in :t ,,‘ons’,’n t  rtl I on of  :ipprox i m a I m’ 1 v

mg/rn . t ime  l i ve rs  of  the oni brvo; ; a t  I t ’? ’ ‘‘ d:t t’ s h a t !  h m’ t u u i m i  mini u - m i n t  t ’ u t l

me’ re I han t w i c e ’ I Ito ( ( it  liii’ m ’ mi n t  I_ li i s (Si ) . Par i .~i.h ( 8~ 
‘t I , a tt n T I h, 1 ‘ t i

,i m m i f i s t  ra t  ion iii 0.0/i mmci i ‘~ l (  11)/ k g j ut  the f m i r m  m i t  e t l u l m i m i m  t ’t l l m ’ i  j u t ,,,

‘i i’ ,’ t a t e  , t~~, I t m ’ I t i l t ’ Ic p mc’ g ntu u t  u’ :t t  s s _
it I t S  ~‘d t onip h’ t m ’ u t t ’ s t  u u s  I I • ‘t i  c i i  I lit’

p r s  fo o t a i i s r ’ s m u i I I ng i n  ill’ 1 i v e r y  u ’f 1 1 m m’ m lO.lui cm ’ulm ’i’pI liii cii ru i sm it’ pt Oil .

in most t’, lSeS I lie p l t t s~u ’t i t  mu m -1t iuigi ’m; Wt ’u ’ m’ a t ~e’ m’ m pt m n i o u i  iw

I
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Excre t ion

Urin e. Fr iberg (83) admin ist i ’red ~ ‘ca d m mm ium s u l t a t m ’  sit’ to rabb it s

i it da i ly doses of 0.65 mg Cd/kg and f~i 11 owt’d t lie cxc ret iou of this ’ i soto 1it’

in t ime urine for 10—12 weeks.  During time f i r s t  6— 7 we eks , (him’ da il y

exc rv t iomi ot cadmium was very small , lc ’ss t h an 1% cit  thit’ d a i l y dost’.

Abotu t time 8th week , lmoweve r , t iters ’ was a sh arp r iSm ’ in t h e  c ’x c ret ion i-atm ’

reach imtg a leve 1 of app mcix inmate ly 100 1 inmes that of  tIn’ amott nt exc rm’ t eci

dur ing time f i r s t  weeks.  ‘l’h is r i s e  was found to c c i u m t c  ide’ w i t h  the

app earance of  pi’ote inuria in the animals.

Alimentary tract. Ceresa ( 79) found t Ime mns’an b c  a I s’XO ret ion rti t i’ ci t

cadmium to be 1.8~ of t ime i n j e c t e d  amount in f i v e  rabb i t s  g iveti about ‘~.h

mg Cd/kg tia ii  y ( as tIme s u 1 t a te  ) by tIme s ubc cia flm’ou s romu to . ibm’ ;uuuomint

cxc roted in the urine over the exposure period was s li ght ly l,,’ss t l ma ut

that e I iminated in time f e ce s .  Al  1 o f  time an iumma Is d it’d 7 to 9 dim y mu a ftm ’ r

the first injection .

Biolog ica l Half— l ime

No data repor ted in l i t m ’ rature  surveyed to  d at m ’ .

13. Carcinogenesis

No data repor ted in [ i te ’raiure s it rveyed to dat e .

1
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_CHRONIC ‘l’OXICI’h’ Y ( Lo im g— t m ’ t’uum tm ’ml t s , 2—Vc ’ m t t s , or 11 ie ’t limit’ t r m ’ m utunt ’nt

1 . Ht’matolog it ’ Et te ’t-t s

I.’ it zh ugh : t utul Mm’ ii her ( 81) ) gav m’ u . a  t mu i’adtn j umm ( s’mamim i multi it-il icr i tim ’) iii

t ime’ ii’ si i it’ t s  a t  I t’vc’ 1 mu ci I 1 ‘i — 1 3 ~ ppm I cit up to  Ii momi thus  . At 1 3 ‘ ppnm ,

thim ’ cm ’ was pm -Oncil t im s’ it’d tum t m ’mlt I m m, I ow iim ’mitog liii) itt , aft1 RII C t’oumm t mu as low tutu 2

mim i iii silt . ‘I’iim ’ mm’ wa s a 1 so m u f m ’ situC t i tin iii growt Ii rt u t m ’ anti j ut some’ s’ tu si ’s

e’ .’ir ly dm ’tutl i . At -~t
’i PP~1t~ Still s’ lit  ~miuiI is  himud ItO hi Octi ci ia it ge ’s t i l t  m’ r one’ v i ’tir

autti at lh ppm , out lv one t in ii mm a I haiti nmark ’d ;mitetmm i mu. W i l s o n  i’ t  mm I. ( 8 7 )

• .1 Iso I otimid I limi t rat s de’vt’ loped aitm ’un i .m m i t t  em ’ 2—3 Imitin (its wium ’tt fm’d mu tilt ’ I

ccitt .1 i m m in g  mis Ii tt Em’ mu mu 0. OOb2Y. s it  s’adnu j turn its ~‘ma dnm i tim oh! or isle ’.

1 mtc roast’s in ret i on I ot’y to s mimtd eos inoph i Is we io  a iso um it ite’d itt mt gi-ciup

4 t’ mi t  i tug tu d i e’ t w m tim 0.0 12 h~. it’ mud in i tu tu as it’ mid m l unu cli 1 ci m’ m do I or I t ci 7

mout t I ts.  As lit t lit’ as 0.00 ln ’l. ci t  it’admii j uutm l it tilt ’ t ct
_
hum cit  ~

‘ ttit i uim i umum cli I sir i tim ’

i mm t ime’  di t’t t ’ asu sit’d b I eac h j u ts  ci I time Olm;uuut’ I ci  tIme lui ~ i scir t c’e lii .

2. Bone Marrt iw Chamtges

lit a st u dy liv Wi I s o mt t ’t mu I . ( 8 7)  di’sc i- i bt’ h mt ht ivc ’ , (lie ’ mmmi t i uc i m - mu tu iso

foumid hypi’r p 1mm situ c i t lie Ii one nun crow mu I tom I t ’ e’ ti ing c titi umi i null iii (lie’ sl i m ~ I mi t

cc i t t ’ m ’ i t t  m’ at i on of 0.01 7 ‘i~,, cadmmi i cmii it’im lou- I slO fot ’ 1—7 muon t his. Bcitu m’ mat m’ciw

it’im :uutgOs Wet’t ’ not Iom utt t i  in 19 wtirkt ’rs st tmd ic’ itI liv Fu - ihs’rg I, bb ) .

3. lmmuumto I o&ic Respoitse

Kci I I t’r u ’t a I . (88) c’ xpost ’d S w i s s  Webs t u ’ m~ i i i l t ’ e ’ It ’ it ’ .t tlmii i tint cii i s ’t ’ I tim ’ t i 1

I CV C’ Is sit 3 or 300 ~pm t’ t mdummi mi m) iii itle i cii i ze iti wat e’r I cm ’ m m p m ’ t ’ i  ott c i t  /0

day s , nutd t iim ’fl t i mls ’m’ u- ta  i tic ’ s1 mimi i umulu iutum’ I’m’ ml l c ii t s t ’ liv ip i limit ’ U ha t i out ci I 1m m ’

mice w it ii Sitec ’it R?3 C mint ige’ n ( SRilC) mit va ry  I tu g i im ’u’ Oils c i t urn ’  t i l l  or

cadmium s’xpos ui’s’ . Caitiuni mum I c ’Vt ’ is mis low tu tu I ppmut c alm st~ti mu t’silms i iii ’ m’ miii ho

rt ’dtic t i  on In time ’ numht’r ‘it s ~ I m’efl cm ’ h I s  r rttmltit ’ I umg 195 or 15 tin I I bc~i it ’s .

‘Fhe pr imary immmtnc’ ri’s pcltsm ’ (1 95 nit I I himxi y ) vzi u~ It ’d t i s~ cor d tug to t i lt ’

at or v.u I bm ’ tWm ’c’ut it ’ admi urn t L’e’ mltmt ’nt mind mmdnt i it lit t r;t t I out u ’i t t t t  I i gemm . A

re ’dtuc I ion wfl mu miotem i tit thme 100 ppm I e’Ve 1 icit’ its 1 cutg its u2 silty tu t i t t e r

ct udmiuuu expcstl m’ m’. Se’ t’ct mmiary inuuitmuit’ i- c ’ s pc i t t mt t ’s / 5  muu m l ibod it ’s )  W m ’ u , ’ ,u i s , ’
rem lluit’i’d at  hot it c tmtim n i turn m’X pmimi ui- c ’ 1 i’Ve’ Is eWe t ( h im ’ $ttttim ’ I i lil t ’ 1it ’ t ’ i u ’ii

- - ____________
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. C e n t r al Nervous  System (CNS) Ef fe ct s

Humans

Vor ob ’yeva ( 1 , 89), in a study of 160 work ers exposed to cadmi um

oxide (cadmium concentrations of 0.1 to 24 mg/cu m in time workroom air) ,

found pro longa t ion of t u e chronaxy of c u t a n e o us sensory nerves in many

cases , as wel l  as optical chronaxy , which was proport ional to year s of
expos ure to cadmium. Major comp l a in t s  were headache , d izz iness ,

i r r i t a b i l i t y ,  dep ression , and sl eep dis turbances. Motor chronaxy changes

were also noted .  In workers w i t h  less tItan 5 years exposure , muscle

chronaxy was reduced ; in workers wi th  greater  titan 5 years exposure to

cadmium , it was increased.  Si gns of change in the funct iona l s ta te  of

time cereb ra l cortex were a lso observed , al thoug h the author s ta ted that

fur ther  research was needed before definite conclusions abou t th e effects

of cadmium on time bra in  could be drawn.

Experime n tal Animals

Friberg et al . (2) stated that long—term studies with small doses of

cadmium to investi gate effects on the nervous system h ave not been

repor ted.

5. Behavioral Effe ct s

No data in literature surveyed to date .

6. Cardiovascular  E f f e c t s

Schroeder (90 ) found that trace amouutts of cadmium (5 ug/mi) giveum to

rats in their  drinking water caused hyper tens ion  a f t e r  app r oximate ly one

year ;  t h e  inc idence inc reased w i t h  age. The inc idence was hi gher in
females than in males , a l thoug h the’ m o r t a l i t y  rate was greater in mal e s

wi th hyper tension ; the median lifespan was shortened in bot h se xes. Soft

I

28

-~~~~~:~~~~~~~:~~~L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



wmi ( C t  I mtc m~’mm s ’d this ’ hmy pm’ rt  it’ mis I Vt ’ m’ I t oc t c i t  c amlnu j ummu . lii comm l ra st (ci [h im ’
I I mmd i migs c i t  Sc lmrciede’r 90) above’, Lt’umt’r mind ~ ibm

- 1.91) Wt~ i m ~ itniub It ’ t o

d~’ tot’ t liv pert ott s I ciii wt mt ’mi eutma l~’ Wi st  am ’ r a t t u  we’ rm ’ g i  Vc ’ mt ca it lm uuum t i m t him ’

mit’ m u k i its wat e r  1. ‘i ppm ) tiver mu per i Ott s i t  Iti mitimithis . ‘lime ’ mutt t h ors i tt a t m ’

t lmti t t1i~ t’c mire ’ t .iit’ t O t s  in t ciod w hm ich de’s’ tOmtS c ’ (lit’ iuV hit i t t e ~mt$migm ~mt 10 0 t t t ’t’ I

ci t  it’ midmi t mumm m itimts

5’ . Bi c i chme ’micmi l mm mtd hhisto cl t t ’nt icmm i Chimi mmj~,~~

Spti m’ut et mm 1. i.74 ) o bs ’ m ’v~’d t’hamtgos it t 1 t V t ’I’ emmzvuum es j im t- mt t s  g ivm ’ut

cadmium (mmml ~‘miit1 m ui i urn cli lot ide’) itt tilt’ di- imtk imig wtitm ’m ’ mit a c ct mit’emi l m’:it i sin cit

I mgi I i  t c’r OV O m ’ mm period o f  11 mont  I ts .  ‘l’iie’re w ,us mutt i mt s’ tease iii

phosphcrv 1 as m ’ and .t t ie’ s’ rom mst’ in mm ido l ,m s~’ ~it’ t iv it v • j ns! t s ’ a t  lu g t i l t s ’ r:u I I simm m ;

in  he pat i5’ s’ax’h olm yitira te’ mmm c’ t abo Ii mum. M it cit’ht ciut itir ia I cx i situ t ye

phios pltory 1 mit ion was tuna t fec ts’tl , t’Vt ’m t Whlm ’tl t’midumu j cm m udumm i mm 1 s t  u- mit I ott wmi mu

m’X t s ’itdoiti to 3 35 dti~’ S .

S. E t t o o t s  tin ‘1’ is sue’s amid Om’gmtm ms

Kitluie’y

Wi 1 son et mu I . 1.87 ) t~~ sI c misitit i uumm - ‘h icr t do to  rmt t 5 I t t  t h e ’ t h e  t i t t

t’ouiit’m’umt rat i omms c i t  0.0031—0 . O ’ c  it’midnm i umiu cive t- m m per iod s it lOt) slti\’ S

His t ci log ica I t’xam i m mm u t I on u-evt’ti led s Ii gli t t uhtm I , mm ’ clmmu mige m tnt I ito

g i omeru 1 ar .ii to  rat I ititt S It t h e  amt itt ia Is oxpose’iti t c i  0.01 ~ aumtl 0. ()~~
‘
~ silt ’ t am’ v

o .udm i urn. Rena I t ubtu I mir dmumn m~~e’ wmi mu ml I so obsi’ rve’d itt rmuhli i t  it Ibm ’ Ig i _ mum

t. t m mmm t ) g I V(’fl o mut t mii i multi ohm I or isle so mi t 0. 2 ~i Ills t’tmdtii i turn per kg i ti :i~’ s a Wt ’m ’ k

t 5 ir 1 1— 2 9 ~~‘s’ku , mioccm ’ d ittg to Axe Ii tso mt miittl P ms it’at tim ’ (~i1 . flit’ I mu btm i , tu

damage’ was 1 m ic:l h i  .~ esi I tm t hie~ p ccx iuut ,m 1 sm ’grne’mtt mm mm d umm i c ros s -op mc c Iimmngs ’s W m ’rO

mu iso I otm mtti in (lie’ gl cirns’ rcm Ii . Cadmn i turn dm’pcitu it i out was umma I i t !  v in h u m ’ rena I

ocr  tm’ x (proxima l sm’gnme’umt c i t  I mubti Ii’5 timid J ist mu 1 t embu los but h o t  j ut

~‘ci 1100 t i mmg t ubtt los , gI itime’t’tm Ii , or mu t coma . h”5i L i  owing thu m ’ sie’ve’ 1 opuiie’nI ci

p ro te ’ i um u r  i m i , si git if L s ’ lul l flit’ re ’m iitOS i ii mu m i mimi tis’ i t !  e’XO l’s’ I lout iii ( him’ L i t ’ I Its’

ciocurrt’d . A ftm’ r rena l damage’. m’Xit’I’e’ t ion c i t  cadmium i tic t ’ e’ . ts m’ iti g t e ’t l  t iv mimtd

m’V m ’It t cmi l i v  o x t ’ m ’eit le’d mu rnot tm t Lit h’ mu g aitimi it is t e  rm ’itI e’mm it’hm cl m iv .
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l o t ’ tIm

Ii ie’miit’hm imig 5it time ’ 1 its ’ usc m- te ’m’ lii WI S cu ss’ t’Ve ’iti l’v h” i t t~ iitmg hi amid Me’ t II m’i~
8ti w !m e’mt —We e ’ k c i itt mmi( it Wi’ m-e’ g I Vm ’Ii 0.15! cmi I cmii I it’ tush cut 111111 it’ll I ci u - m cii ’ m it I i ’ve I mu

.us I ~~ mis I i ppuui in tilt ’ ~I I s ’t OV e ’ I ml pt ’ I’ I s it1 c i t  Ii umm om it im it . i l tilt aii~h V5 i i ~ em

(9  ‘
~ a I ito ItO t Ott itie ’O t em t Sc ’s1 1i i glu m’ I’l l ml t I omm 5 i t t ttc i mu cii e’mmmm umls’ I itt 1- mit 5 5 1 V t ’ ii ‘1)

h’P~ 
c i t  s’mi si iu i ciii 1. s ’mm sh mmm i tm mum it’ll ho t  i ~i~’) I it t t itisi tit’ di Ink lug wmm 1 e t t o m  1 ~‘O sh .ut ’ s

In ,m ~t tis! ~ ’ out t he p5 iss lb Ii ’ ii ’ I mIt 1 omisi m i p c i t  c. ts i t ililuili mtdui tici i i t t  rmu t t oil to

,ii ’m tt ,m i c,ii I s ’ s ,  iii thi is ro g . m m ’sh , it wmi s t ceum md [limit adumi i i m i s t m ’mut tc t t c i t

0 .ms t mmmi t tu mt  t i m  I him’ wa t el m ippa t ’ m ’ mtt  lv I Ito t’e’miss ’d s i tS  s’O~~ t lb m l it v to it ’ll t i ’ S

liii ’ i’ m ’ wmi it mi I so ~u m-~’duc t i omm lit hi 00th lm m ’mimo g lob in, ait~I t i t t ’ mit t  I ho m s siim ’gt ’  51 ott

(limi t hi ciOs! amid t ’ttmimne’ I e’ It e5’ t s mmiv hitlyt ’ re ’s ti  1 1 o5i t romtm I umt e r tic I t s ill c i t

otu dmim i tutu wit ii m m’ t i i m — 5’ c i t t t  .1 itt I tmg j i i s i t i ’ i its . 1mm mim Ic t i l t ’ m’ s’xps’ m L itle ’mt I w it hi u~ u t  mu

g ive n 0. 00-~’~ o ,mithuui itmimi cli Icit’ ide lit t ilt ’ sit ’ i m m k t Its wtt t c ’u ’ i t i t t i  t ut g t ilt ’ pc ’i t Oil c i t

o .t ~ it I o m i t  t out o t time ’ tiic i_ i t ’ s , time ’ tm’ wtts itO ittO tc ’ m i S t ’ i t t  um su itub em - s ci I s- .it 5 i c t m u

is ’s t t ilts btm t t ile’ m m ’ wmt s atm I lls ’ m’ s’a Se ’ i t t  tilt ’ I _ i t t ’ cii Ills’ r 1i~ - 5ig i e ’S S I Oti wit t ~‘it

was ,ut 11 ’ ihtt ted tc i  it~.us Ituu m tu tu imt t  :tk~’ I, 9’~

Bomtm’ ( hlurnmumt )

1 1 m m  i — I t  ml I ~h i i t s’ a Sm ’ • wtm i~~Im Os’ clii ’s i t t  t’ m’ 1- 1 m m  I tt mire ’,i mu c i t  imiptiu m . h a  mu be’m ’tm

mi t t c  I hi m tm ’d to t’mltiitt i turn mum wmt I or mmmt d c m o  
~‘ 

mu psi 1 him t ttl liv I tmt!u mu t t  i ,u l w~i ~ t t ’.

fl~m’ s i t  S m ’ m i St ’ .l1i1i m’.l l~ m~ t i I t  K m ’ OS t c’otmm mi l,is~ imi , w i t  ii P~ ~~ t tu I t ’ I i t t  S tim id tiom tm ’ mu im m

tile ’ h ack tnmti ie ’gs. :~ mi le’ (mmcv mit’ t Ic t e’ t t i t ’V I tiw s ’ ,t Ic i ummm mimmd p rc i t m’ m um ) , as
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SIU N 1 F I C A N ’ l ’  PUYSIC AL AND CHEM iCA L PR OPE R ’I ’l  ES

Cmiitimistm is a so f t ,  duc t i le ’ , s j l v s ’ rv—w h it s ’ met mu l .  it s  pity s ic ru l

p ro pe r tt es  are g iven in Table I. i t  occurs  w i t it  Z i nC , le a d — z i n c , and

c o p pe r— 1 s ’mi d— ~t inc  cit ’s ’s in  nature and is obta ined mis a by— produc t in tito

t-c t in in5 of  t it ess ’ ores.  Cadm itiun is di t t icu it to s e p a r a t e’ c o m p l e t e  iv t rom

.1 t U C  tins1 smal l  amout tts  mi re t ound in coutunerc t a l  ‘Zinc cocnpciunds . It

re ad i ly  forms a l l oy s w i t h  most  Ilotivy m e ta l s .  It is p rec i p i t :u te d from

s o l u t i o n s  by m e t a l l i c  .I i nC . Cadmium is i s l o w l v  oxidized sup erficial Iv b~’

moist  air and reac t s readil y w i th  tniflCrl 1 ac ids and re lat it’ s’ ly is low i

w ith mamty organic ac ids to form salts ,

‘r
~ ut ~ d i s t r i b u t i o n  mind fa te  cit  cadmi um in the ent ’ i ron mt ’nt  Itas itot been

i nves t i gated ex t e ns ive ly .  Ai r  normal ly contains ab ou t 0.001 ug/m
0
. in

time v i c i n i ty  of cadmium—emitt ing fac to r ies, co nce nt ra t ions  of  0.1 t o  0.~
ug in3 have been repor ts ’d. ‘t ite normal co nce nt ra t  ion in w a t o r  is 1~’ss

titan 1 ng/g. Liver and kidney Irom an imals acid s ite i l f i sh  are tvp icmu l

t c i o d s t u f f s  t itat norma l iv may conta in love is gi-ea ts ’r t itan 0, 05 ug g. Rico

and wheat may have concen t ra t i ons  as it i gl-i as 1 ug/g der ived from

cadmium—conta mina ted  soi l  or w a t s ’r.

I
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Table 1

Significant Physical Proper t ies of Cadmium

Atomic number 48

Atomic weight 112.40

Outer elec tron confi gura tion 4d ( l0)5s (2 )
Mel ting point 320.9 C, 609.7 F

Boiling point 765 C, 1409 F
Density 8.642 g/cc

Solubility of cadmium compounds in water (0—25 C):

Soluble at more than 100 gIl00 cc

Cadmium chlora te , chloride, nitra te

Soluble at 50—90 gIl00 cc

Cadmium b romide , iodide , sulfa te

Soluble at 1—10 g/100 cc

Cadmium benzoate, cyanide, fluoride , lactate

Insoluble
Cadmium carbona te , hydroxide , oxide , selenide , su lfide

From: Occupational Exposure to Cadmium, 1976 (1)

I
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I
EXI’E R I  MEN’l’Al. CAL)M 1 UN 1 N’l’OX I CA l’ I ON

ADI)EN DUN 1

ACU’l’E ‘I’OXIC I ’I’Y (I itt,’ I tud i itg itt v i I to oh Se ’ i-V a  t I e)ct s

I. HematoI~~~ic__Effects

Cadmnimiun proslmii’es c toptitli 10 m ’ fft ’cts i t t  m ’r yti i u ’o cy t t ’it mui td p late lets u t
—

V t  t ro t h a t  mire ’ it i n t L  I mmr Is) t h ose ’ Se ’Ofl w i t  ii ot Iut’r iie ’muvy flue’ 1 m m 1 i t .  ‘i’Iuo

tmnde i’ ly I ctg mec bait ismuu appoam- it to I) e ’ mu t s~X m~’ e it  ec t oct s m m it  by st m y  I c’tt ~‘itIe’ it

sit the blood cc ’ [ Is (108) .

2 . Boits’ Marrow Cluang’s

lit Vivo , it SeCutis pos it ib le t iu m i t casim i tint its  t rau ispot’ I c’ et to Iii,’ boct ’

~~~ m a r r o w  who to it I nlu lb i t s  tmottiog I oh j u t  it v itt hots is mind is pa u - I 1 y i mis’ or p s i i t i  I s’ ct

t i t  ts ) t ime mujo leo mc le (1 0~
) )

4. Centra l  Nervous S~~stent (CNS) Eff ects

Cadmi mum s t e ’ mu rmi t o imib ib itm’ d ecu tg i ’owt hu c i t  ra t c m ’rs ’bs’ 1 tat’ c o i l s  iii v i t r o

and ~‘am u st”d degoito rat i out at  m m s’sins’eutt rat ion s 1 I ii. )8 x 10 
11

M mi s ’s’ si m ’d lug

to Kas um y t i ot a I. ( 1  LU ) . ‘[‘lie’ mii i ut iunm u I i mt i i it) i t  01~V I s’Vs’ I I cit ut s ’t ’ Vt ’ I ibeu’s

4 g I ja 1 Os ’ I t s  , and f i b rob 1 miSt S was t otund tsi LIe ’ mib (Mi t 2. 1 X I ~‘t.

1. B 11)0 Iuemui ica I amid iii St oclteutu I ca I E t t s ’t,’ I s

‘l’he’ mt’c bait I siit ci 1 s’ aetuut i tu tu I ox i~’ it V ti.’u mm b~~s’it t i m , ’ itub t’s’ 1 e’ t ilflus’ It

s t u dy.  Rue 11 ( 1 1 1 )  c~u II 1’d :ut tent i Oct to t h e  I act I lu s t mamu v ci i  the .1,000

sir more enzyme s that regu I tit 0 the gre m it  miuuuibs’r c u t s’ It m ’uit i e’mi I l’eml s’ I I emts i tt

cu ’ I t s  are in 11 mt e ’ns’ed s it a t  t ~‘c tm ’s! by .t itt, ’ em’ cit Iiei’ I i tis’m’ 0 1 eutu’cm l it miut d

sc u ggestc ’d that cadmi tim lox i5’ it  y may r e’su it t i’ouut II s m’e’p I acemite mit c i t  ,t l ute ’

sit u ’m’muc t I nt w i t  it —SB g m’oupa in C m ’ r t  mm iii t ’u u mtyuul m’s . Ut it~~i- m’ s’V I s’we ’u’s itmive

• po i c i t m ’d out that  uit ’C m’ omm i-i ot’ th i t ’ test i s , suihcu t t u u t m ’ c)u a i i m u u s ’ miuti t u is • m ul ti 01 hi m ’c ’

I
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toX i c  condItion s i cielu~’~’d by cadm iuutt can b~ part i a l l y or ts )tti 1 l y pt ’s’vs’itts’ eI

by t i ’ezi tms ’nt w i th .t i no , so 1 e ’mt I t iutu , cobti 1 t , lit io l s’siiut pomiumd it , cii ’ e s t  roge’ i i

( 1 12 , lii).

8. Ef fects on ‘I’i ssue’ s m  Organs

Live r

Ka ji k awa ~‘1 a 1 . ( [ 14  ) s’xpose ’ d Cliac’ig ‘ mm l ive r cci  1 1 m m  to cadmtu i t u tu oh I or 1dm ’

[sir 72 hours in v i t r o  mumid I omind a dec m’ommse ’ in ~
‘
~~‘ 11 mtuuith s ’rs autd a i’t’dttc~ d

proliferat iv e ’ i-alt’ at conct’uttrat tons mis low mis 0.01 ppm. Coutup ls’te

ie’duc t ion j ut growtht Ocoti  r red at mu I e’ ve ’ 1 of  1 .0 ppm. The atu t h ot’ s itt m it t’d

t hat these’ resu l ts  wm’ i’ m ’ t h e  sj mnc ’ as t Ile)Ss’ obt mi i nt’d ~fl aut tm ut mm poc i t  I 1’d

an ima I test for t,’m tdmium toxic i ty

9. Cy to logic and Cytogemie t ic E f f e c t s

Slu ira ish i et m m 1. ( 115 )  oh ss’rvs’d s’t it-onuosoma I mu he’ m -m -at i outs jut liumaut

[eucoc y tes exposed in V i t r o  at 11 0 C to cm udmi tuu iu s u I t  isle’ tidstt ’d to t h e

CU It tire fluid during tlms’ las t  8 mind 4 hours c i t  i its ’ubat iou to mi t I nmm I

concent r a t  ion o 1 0 .2  x 10 tug/ni l . Chrounat Id and isoclurommuu t i d bu ’eaks ,

trai ts 1 ocat i ott , timid d i ceui tr ic ciiromosoutos were t ouutd . No s’Iit’simsiitouti&’

aberrations we rs’ noted lit tint reSt s’d control Cc ’ 11 c u l t  tu F t ’S. ‘I’hm’ m u t t  lieu’ s

comic luded that it seem s hi iglm ly possible t h a t  c mud nuit iuuu su l  t i de  is m u i t m i g e u t i c

Per i phera l leucocy ts’i t  f ro m seven I t m i  i—I  1 m m i d ISs’Sse’ pat i s’itts mu Ito

showed a s i g n i f i c a n t  ly it igher i ito i deuce of  chiromosouna I ahutoruna l i t  I e ’it t I imi uu

those I rom centre is . Chr omat I d breaks we to m i t  ps’c i mu II y ceiuu nt lon (I 10)

Ro lu r mind Baueli inger (117) fomund that this’ m i tot ic index was

si gn it’ icam tt l y reduced in Cit inCite’ hams te u’ I ib rob las t  mm ( “}t\’”) ox pos m ’d in

v i t r o  to cadmi ti m suI t  atm ’ (10 0msi [/1) icr 10 hoti m’s. St i ck I ness mind

pyc u to s is ei 1 cturontosouiue’t oc c cur rod m it LU 4 mci I / 1 . A s t a t  humok j ute t i c ,‘ t t e s ’ t

was obse rvs’d a ft m ’ r I itou ra st I OVs ’ Is of 10 .uitel It) ‘~mo 1 / I . T he’

I
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imu I t si t is ’ I ndm’x inc m e  mu t t , ’ sh , itt it ciSc ’s we’ rc ’ b loc k eel iii uuue ’ t mip h u m u  its’ attd “ itt i t  u m u  1

s ’— utu it t it; m ’s ’’ mute l ‘‘C—uui i t  s15 I’5 ’
~ Wm ’ Fm ’ Ol)st ’ t’ V t’s!. S Ii’tic t tu u_ mi 1 o ii i’OuileS(uiiue’

e ’ i - m a t  i su it ( cii m’o miumi I I si I y pe ’ i u um u iii I v ) we’ i ’~’ sib Sc ’ rv~ st ci~ i t’e’ I h u muit 1 2 lumu mt u’ s

a i t  m ’ F c ’xp eum $ t u m ’e Icc’ eitm ’ lu om ut ’ I s) 10 4ttis I / I s’musliuu i tcuu u scm 1 phi m i tm ’

‘11mm ’ e i t  oct s u j  c’ .i& i miii mum muuu d ut ut ’ r-cui’v en cc’ I Iii tIc U cii’ ~~,i no l ies  I u Clii um u oum i t t ’

L St i ’ .i~~it I i l u m ’o t i l m is t s  iii v i t ro  was stus l ied  by Kaw mmlimm i- mi e t m i t ,  ( 1 1 8 )  w i t h u

the’ e tm ~s•I t out iutic m’si i tstc ips’ . Ctud tuu jumui cii i sit ’ j d~ t it m m c’eu s’e’u tt t a t  i out s it  15 .1) tug

pi’c ciius ’t’si st ’vt ’rt ’ mi dv m ’rs ,’ c’hItl u i g m ’s iii n u t ’ s’ij i t u ro t s  uuua l i t  a lu ll ’s! mit 11~ C I or

2” e ltou m’s . ‘ l’hte ’ m’ jtu ci tssiiiit ’S cI j i tmu ppc ’ ,i t’m ’d , mmii I sic liemtdr i t t  s Iieuwed v m u u v  i uig dog ret ’s

c u t  s lt ’s t  u’cic t I out , muui s t t h e ’ oitelop 1 mmituuu Is ’ ret iou iuuiu was sWc [lou t mm utd beast L i k5’

‘l’tim’ utmic locus mc ppe ’ m i i-e d tsi be’ ti e t u,c l i v  s t m ’tcc 1mm i c~ i t ’ its t imid it it uuim ’iuib u ’ mmuus ’ it we u t ’

w m u vy  1uctd i r m e g u  Lam’ .

10. Mo[e ’cu[ar  El t m ’ c t s

~;m u n t a ~’at mum td l’m ut tt1m ik (I 1’l ) t o tc utc i  dm ’s’u ’ s’ammes it t  KNA , l)NA , autsi RNA/[)Ni~
t m i  ~_ io jut th i s ’ tm ’s I s’s s u t  m a  Is Se’Vt’ii slav it m i t  t or I his ’ j i l t  r , u t e s  I ten  I m m m

itt ec t i oit mi t a si utg Is’ sisitse ’ c i t  ~‘aduut i mcmii cit I or ide s’eulis m i t t  m itg s it i) . 2 ’ u tn~ lOt) g

Li su si~’ ~~~ ‘ i gilt . Time miti I h ors P0 j i l t ott etc t , hiowc ’vo m’ , t limit t h ue S’ ii mi i t g m ’S 01) Se ’i’ V s ’d

ut1 gu t  huavs ’ Iie ’eui mit’ s’ ci t idm i i v  to  isc ii mme ’tmu Im u C ti ci sos! b~’ s’,ic lttt I t uuuu , wli is ’h i i t t  t i m  u - ui

mmiV I east to  mm rs ’dtcs ’ t I ott u ut utim ’ tmm be I i t s ’s Fc ’qu i red t cit utti e It ’ Ic mis ’ u ti

s~’ cit hie ’ s j s .

Mmcu ’ r.uv .uutsl I” 1 c’ssu ’ 1 (1 2 0)  st cud is ’s! t Ile ’ ,‘ I t ~~’ i’ t c i t  s’mid muu i tuuui mit t , !  sm ’vs ’ m’~m I

ot lieu’ ii io log I t,’a I 1v i muipsi m’ t Smtt t ue  1 mm I -~ siti t u e  itt ix i utg s’ t u t ’ V c ’S et -cv itt lie ’ t me

pci ly r I honmuc loot i sle~it j ut  v j t t ’ si . Ctid tit i cmiii cli lot’ I tim ’ m i t LI) 3M brought ahcim u I

s’ iumtn g c ’mm suggest ye ’ 01 h_ is~’ in is hi _ i It ’ i t tg h5 ’ I we’s’ut lisi lv i ’ ibo u nets iii ie m ce i si ( pci lv

I ))  
~itsl po Iv r ihsie’y t I dv 11 o—ur I dv 1 j ~‘ mis ’ ist t pe l v(  C , Ufl. A s i gmi I t  i cmuu t t

stt ’0 c -e as t ’ i i i  i ivpcis’ him’o utui s ’ 11 v , I mid it - aL ing ml sh e ’s’ Fm ’,iit,’ L i t  t h e ’ c’x I e’mtt c it

iii I , ’ m a e  I iout c u t  1ii~ ’ ~)si Ivnmis ’ loot  I sti ’ s’hit I ins, mit ; we ’ 11 ,us ,i siuu;i 11 slu t 1 Iii I te m ’

ov,’ rm u II m u l t i u &‘li i summ ’ t L ~~’ 01 s’tluiip I e’x t ouu m iml t i O t t ,  wm c s  I euuts t .  ‘[‘ hue ’ amit his u i ’ S

sl i t s  ~~ii tsm ;t ’si t h im ’ p05 it iii i 1 i t  v I limit c i t i e s ’ I int’l ,u I i ciui it mi5 ’ Is’ is ’ s ic ’ I si tit l e ’ rat ’ t i cut

uuumiv lit ’ I two I ve’st lii flit’ Ia I s ’a m e  m uu s u g m ’ mu,’ mm It ; ~u t  I m ’,iS I itt SOitim ’ c - mi Sc ’ it

I
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SUBCHRON1C TOXIC I’l’Y ( S l t o r t — t m ’riu; t e s t s , less than 90 days)

8. E t t e ’ c t g  on ‘l’issue s and Organs

Bone

Yosti ik I s’t a!. ( 1 2 1 )  obse rved rs’tmc rdat ion cu t hone’ growth as we’ ii as

oStm ’Ops)rot ic changes as s’ar ly mis three wes ’k,s, d u r i n g  I remitment of

wean ling mals’ rats w i t h  10 to 300 pptmu cadun itmn i ( i n  the form ot ’ c a d m i u m

cIt 1 or ide ) in thie’ ii et . Ki dns’y danuage , out the other hiatid , d id not Os’ cur

tint i I tlte seventh week. Titer s ’ were ito cit t s ’omalac ic change’s mi t an y I ime

d u r i n g  the 12—week e xposure per joel. The au t hors  s ta ted  t h a t  the rc ’su 1 1mm

cib ta m e d  sugges t  tiiat c a d m i u m  m a y  ac t  primaril y on bone , r a t h er lu au

secondaril y throttglt d itt urhactco to the k i d n e y  i t .

Thyroid

Der m ’t m i t .  ( 1 2 2) ,  in a short repor t , stm t t es t  that cadm icunt has! mc

de~ le t  or i otis s’ f t  m’s’ t on thy roid func t ion iii uuumi Ic Sprague —Daw Icy m mu Lit g ive ’ut

~l mu i l y in ject ions of 50 or 250 ug Cd over a period sif 60—70 shm mys,

12. Cadm ium Metabo l i sm

‘fhte me ta l—b ind ing prote ’ in, th iouts’ itt , is involvs’ d mu long wi t lt  t h e  blood

in t h e  t rmm utsport of cadmium mind mu var is’ t y cit othiet’ me ta is iii the an ima 1

body . Sargent and Mm’t z (I 2 1) p0 intt ’d ecu t thi:it t h e ’ mc~’ccumu tat i oct sit ’

cad mium in t he  k i elitC~’ and l iver is de’pi’itdemtt on tlu is t u ’mlt tsp ort

nvchtut n isun . T he pro t e’ iii ilk ) is’l y of t he c~-t dmi turn — lit l otte iii couutp I s ’ X  1) 8 5 5 0 m m

th rou gh the g 1 omermu ii I mitt ) the mur i tie , l’s’S tilt i uig i it a g u-ad umt I

concent rat ion of  cadmi turn lit the rena 1 t is stue . Ss’r iomu s k i dutey imp mu it - uncut

occtcrs be fore t he ce im i cen t rat i on iut the co r tex reaches 200 ppm.

I
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4 CHRONIC ‘l’OXlCI’L’Y (Long—term test s , 2— y e ’mu r or lit e t i m t ’  t r ea tmen t )

11 . Repro ductive and Tera togeitic Effects

Sc hroeder and Mitchene r (124 ) d iscovered mm unarks’ d adverse t’ i t s ’ct c ii

cad mium on the reproduc t ive per formance of mice ’ (Char les R i v e r  CI) St  ra jut ),: 1 resulting in los s of t u e strain in two gonet’mtt ions , whe ut mu soltub ic salt

was administered in the drinking wate r  at a leve l o f  10 ppm (t’Icme’uit ). A

c o n g e n i t a l  abnormal i ty , sharp angulat ion ot  distal th ird of time t;m ii • was

found. A h igit percentage of the  progeny dies! ho t ore wean iu tg mind 13~
’ of

th ose su rviviu ’tg bey ond weaut imig siiowed growt h rs’tm m rd a t ion.

13. Carcinogenesis

Kendrey and Roe ( 1 1 2 )  report ed thim i t te ’rmi tomu uas or Serto l i — c o i l

adt’nommt s itave been i utduced itt e x perim ental sit iun a Is by the suhctc t m umt s ’otu s ,

intramuscular , or intratc ’st icular injm ’ct ion (if cadtuui tmt n .

I
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E X P E R I M E N T A L  CADMIUM INTOXICAT iON

ADDENDUM 2

ACUTE TOXICI’I’Y (inc lusting in v i t r o  studies)

7. Biochemical and Histochemical Chianges

A sing le ip dose of cadmicum chloride (,bO mg/kg ) , iutj es’t s’s! i m t to  F m i t s

sacrificed one Itour lat er , lowered hie pat Ic g lve cigm ’mt hm ’Vs ’ lit timid

si gn i fic ant ly jute rease ct t he c once’n t i’;m t i omt of h 1 siod g l i m e c iSs’ , ts’rmtuu l su rs ’,i

and hepa t ic c y c l i c  AMP (cAMP ) tO 41 ~~, 23 2~, , mind 2t)&,~ of co u tt u’si I va lcu ~’s ,

respective ly. The trea tm s’nt also j ute remused b o t h  this ’ bm ms a 1 tmutd

fluoride—activated adeny la ts ’ c y c l a se  (AC ) as we’ll mis cAMP Le ’VOl ,s mmd

dcc teased the ac t i v i t y  of hepa tic adonos no— i ‘ , 5 • —meno pltosp htmm to

phosphodi e sterase ( P D E )  a c t i v i t y  ( 7 6 ) .

I
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SIJBCHRONIC 1’OXICITY (S it o r t—t o r m t m ’St  mu , loss t i umu n 90 day i t )

3. Immuno log ic Response

Cadm i cumn (30 ppm) adm i it is tm ’ rest iii t i m e ’ t e m ’tit 01 s’ aslnu i tmtn e’ht I sit’ i~ht ’ I c i

Sw iss Webst e r  ( C BA/J ) cities ’ in t him’ shrinking water t sir L I) wm ’m ’ks

i t t  ~ut it I s’mmn t ly ds’c ret us s ’d t h e alt IL  i t v of  boutm’—iuumu r t’ow clo u’ jvs’d sp leut Is, B

I vmp luocv ts’s tsi I sitttt L’s)S5’ Its’s citing nit 0ev t tirocy It ’ 4, E) —mu lt I ii i osly

(A )—comp lt’mt’nt (C) (EAC) asszmy . Sp loutic B cm ’ 1 1 m m  humive s t i r  tt is ’c’ c’eeep toi’s

I cit t h e  act iva ted thi i rd eontpou toit t cii counp lenient (C • 3 c’ e’cep t cut ) . SIut ’ep

RBC sm ’ its it I ~‘. oct t su mi nt i hody mind coutup lenient ( EAC counp I exes ) b I its! to I h u m ’ C ’ 3

recm ’p t or on B c’ 1 1 ,mm to  I orun t h e  rose ’ t to. On lv B e~’ ils I orutiod rsist’ I tm ’S ii

t iue EAC I t ’ s’huut ique . A deismi ge’ 01 300 ppiii s’ mt s ltui uuuu cli si i tO  t s’m itu Sm ’ i uthi it) it i en

sit EAC r o s e t t e s, but t i le ’ mutu thisirs s’ xp lmi i nest t h a t  ttu is stm ’mu lmui t s t i~mm I s’sl t lie ’

var j ab [s

~ 

res po ns m’ ot  an imals to di I t  ers’utt levs ’ is of Cas!nu i nun eli ss’rvm ’st so

s i t  ts’n in t h e  it laboratory . ‘l’hte di roe t i nh ihi it cirv O ft c’s’ I c i t  emidm i turn out B

c~’ 1 1 m m  csiu I d hit ’ shot r inte ntmu 1 to him ’a 1 tlu si utc m’ I hum ~ B co 11 is t h e  prs ’e c u r m m o m ’  c i t

m u tt ihod y—produc i mt g s’s’ i t s  ( 1 2’ )

Si . lit’ tuav i o ra 1 E I t  
~~~~

Cadmi tim cli I sir ide ’ mmci lu ti out adnuin itt m’ red to utowbot- ut Sp m’agcum ’ —Dmmw I ~‘v rat mm

at mu dosags’ of 10 tug! 100 g by int t ub ;u t lo ut eta I lv tom ’ 30 simm vs si gmi i t  is’a utt lv

inc reased spon t .une ’ou s L 5x’omotcir tic L i v  it v liv 3 7 ’~, . Str imi t s ’sl tvros i tte ’

h ty dr cix v lase tumid mid—b rmt i Li t ryp to p hian huydrexy I mi ss’ worm ’ .i I so lute t’e ’t i Sc ’s t .

‘rite co ncentrat  iOtt sit 5—hiy d m ’sixv indo le ’mis’s’I Is ’ tic isl was e ls ’vzmt m ’d t it tile ’

mid—b r:u itt u’eg ion out ly . ‘l’iie tutu t Ito nit mm t mit s’ci t hiat t hue re stilt mc it cuggo itt I limit

exposure to  cadmi nut im t early 1 if s’ inc reasod t hto syittites is and

p v s io log i ca 1 u t i liz mi t I on m it this ’ so 5 tili P ose’d t m’muu t sun i t t  e’ m’s, wit i cli I ut 1c m rut

probab ly camu sed this’ inc I’m’ ti tm ’ d s pom tttuu tee itu s I iS’ sittisi t c ii’ mi s ’ t iv it v . I its ’ teas I mig

the da ily cadmium ciii on de dose to 100 tug/ 100 ~ I sir 31) ~hm mvs  ~! Ist utsi t

inc re mus ~’ I ecomot sir act iv it v ever that mit t u e  10 tug! 100 g dose’ hoyt’ I

a lt lu ou g ht bod y we ighi t wm is ds’cm- m ’,m mms ’d by l9~. ( 12tu )

I
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7. Bioc ltemical mind Histochiemical Changes

htrd ina et a t .  ( 12 7 )  t ound that treatment of rats for 35 days ip w ith

cadmitum chlor ide at levels that did ho t  cause any a p p a r e n t  neurotoxic

si gns produced mm ignit icant changes in reg iomta l leve ls  of various brain

hiogemt ic amines. A c e ty icholine (ACht ) leve ls  were si gu t ifica i tt l y de ’presss ’d

to 84~. and 7bZ by doses of 0 . 2 5  mg/kg/day mind 1.0 mg /kg/day ,

respective ly. Serotonin (5—hIT ) leve ls were likewise si gni f i c a n t l y

decreased by treatment with CdCI ,. The an~tuu tt of dopam i uts ’ iii t h e

str iatum was marked ly increased at botht dose l eve l s ,  Neititer dosage ’
produced any apparent chtangos in t u e  conceuitrat ion of bra in—stem

mtore p inephriite (NE) or in cerebrocor t ical  acety lchto line e s t m ’rase ( AChE)

act iv i ty  over t he  45—day period . The decrease in bra in—stem SlIT

pers isted even a f te r  w it ltdrawa l of t h e  itighter dose (1.0 mg/k g/day ) for 28

days. Cadmitum is known to ca u se CNS damage , and the authors suggested

t ha t  t he  observed c h anges in brain biogenic amitte levels may reprs’sm ’nt

ear ly and sub t le’ si gns of s!e leter ioem s e f f e c t s  on brain fmu nc t iou ’m , w h i c h

can be detec ted even before the behav ioral or histopathtolog icmi l si gns of

tox ic i ty  appear.

Cadmium cht lor ide administered to itewborut Sprague—Daw ley rats at mm

dosage of  10 ug/l00 g by inttubat iout daily t e n  30 day s s i gn if icm uu tt ly

increased str iatmt l tyrosine Ity droxy laso and mid—brain t ryptophmutt

hydroxy lase. In the mid—b rain reg ion, 5— hty droxy imtd oloacs ’t ic  ac id was

e levated also .

A dosage’ of 100 ug/100 g cadm itmm chloride by tite same routs’ dai l y b r

30 days decreased (12~~
) act ivity of cu t ec l to l—O — m eth y l t ranmm [e ras e .

Dopamic-me and noreptnephr ine leve ls in several  brain u-eg ions extiunined we rs’
enhanced. A s ign if icant i mtcr ea s e in the 5— h ydroxv imtd ols ’acet ic ac id  1ev~’ 1

was noted mu lso.
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lt im ’ ,ieu t h o  u s  st m L t  ed th at thie dat - m suggm’s t that cadmi cmlii ac t s at itorns’
psi m it t  i t t  I Ito itt’mh cuem tee c i t  i itt rtiee I In Im ur eve u tts thuat I m ’tmd to j ute rs ’mc ite d

svut l  hue ’it i mm mmm t st lu rs’scunum mh lv ttc rns ivor of bia itt c m m t s ’c hmo lamictes ansi St’rQtc)lt in

~ I 2u) .

Ashu uu cm ~ i s t r m m t  ion cit 0.2Si mug/k g Cd C I ,, per day for 21 day s to r a t s

it u c ~tt t I ieant lv  m’mtht a ncs ’t  this’ bm t smu l foi’ui of t h e  htepat ic c c  l ie AMP

(s ’ANP )— mmvu t  lit ’s i ~ ing s’nzv mt’ by 5b%. When g iven for 45 days , the

t i  cuor isle — as ’ t ivmm t e d muds’ny I a tm ’ eye last ’ (AC ) as we 11 mis t hte basal  form were

o le ’ vmute s t  s igut i t icat i t  Iv ahiovs’ con t ro l  va hues for t h e  l iver. A doss ’ of 1.0

tug Cs!C1 per 5Liv for 21 days St  im~c l a t~’~l hte pat ic AC a c t i v i t y ;  inc rea mmm ’d

e l t s ’ C t S  wc ’ rC ohss’rve’s! in muct imals t r e a t ed  for mu longer period (4 ’  days) .

I’m ’ a im t Ito r it m it t r ibu Is ’ d tlue e ’ 1ev at ion in  c’utdogs’nsiu $ 1 eve is of cAMP to the

m’ it ltm uc t cc ’sl AC tic’ t iv it v 7b

Exposure o t  rats to ~Cd’’ (dosage of 2 mg/kg per ~lav for 7 days , not

c I e’ar ly i mid i ca ted wh et ht~’r c mtdm iturn t heta 1 • c adm iucm i sin, or a estunposutid of

cadm i tim) iutdumced huyps’rg lvc e ’unia with i he low itoruja I instu u n  va lut’s ( 7b

D a i ly  ip iutjo c t io u is  of c mudmiuum ch lo r ide  ( 0 . 2 5  or 1.0 mg/k g ) for 21 or

5 days mu Ito cat u st’d mu si git if icaut t st imu Emi t icti in the muc t i v i t  ies of

hi e pmmt is- py ruvate carboxy Imt se 1 l’C) , phtosp hios’uto Ipyruvate carhoxy k inast ’
PEPCK) , truce tosm,’— l  , b—d iphtosp htat mu s e (F—D—I ’ mts e ) and g luc oso — b—p hesp htat t use

I C—b —P mise ‘h . ‘I’hs’ atm t h ors pointed out that thto se s’n m ~yrns’s are  the four key

m’utzymnt’s ittvo lvs’d itt t h i m’ synl hm ’it i s of g i lucoss’ front uton—c a rbsihydra It’

p rt’cuursors . Blood g I cus is e ’ aitd urea we’rs’ ,u iso j ute rs’ase ’ d ; liver g lycogeit

was  h s ~~e rc ’si. rho unetabo l  t c cltautges were doss ’ r e  lated , bs’ing greater  at

tht e hi ightm ’r sIos~ I or 3~ slays t htan at t lte lower doss’ for 21 days ( 76 ’)

I
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Singhai s’t al.  ( 76 ) also pointed out thuat exposure to cad mnitum resu l ts
in

o St imuc lation of c y c l i c  AMP synthes is

o Enhanced catechto lami tte synthues is

o Abnorma l insulin s e c r e t o r y  response ’

a A l t e r a t ion in t h e  cyc l i c  AMP protein kinas e sy stems of
testes and pro state

o Alteration in bra in bio ge nic amines.

A sumtinary of the b iochemical toxicology of casimium is presented by the

authtors in this’ table on thue fo llowing page .

Singhai et al. (76 )  conc luded from t lue evidence ava i lab le  t h a t

cadmium htas a b road tox ico logic po ten t i a l  mind t itat t he r e  is l i t t l e  doub t

that exposure can resul t  in bio log ical ch amiges not only in t h e cemitra l

nervous system but a lso in t he  organs involved in reproduction ,

e x c r e t ion , and genera l body metabol ism.

I
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I’ t it s Ut ’ 1) t i c ’s’ t C 5 i tu

s’X ,’t mn j tie’sI ci t s’htminge’ h’ at- a utue ’t e u ’c m ’x:mmuu i uim ~ct

Liv e’ r ¼ I tm s’sinm ’ogm ’itt’ s mu , g lv es ’
s~,e ’no lv it i s , At ’ , 5’AMI’

C1 v s c i s~t ’ t t , ,,‘AMI’ ” bt m ud t t t e ~ ,

PK ( ~e:~Mh’~
h ’ltt’. , I’K I — 5’Al’tt’

•1’
K ~ic-i~~ ~; hems ’ ,it te ’ci 5’,,’ Itt ’s- 

eAMI’, h’K ¼ — 5’AM P ) , I’K

Sm ’c ’ tm m t t V t e a ,  g i tus ’cist ’ , PCI”4, IRI

PCF , :\S ,

I PR ¼ + 5’AMI’ ) ,

~~~~ s t ~~~~

1,1 ;\,t’IP , ~
- AML ’ - ti it ch ttt’,

I’i’ost  m t c ’ t’K ~~ 5 AM}” ) , 5’A~t h ’

I ti t nd t utg

As’ , s’ AMI’
PIlE , PR t, s’A ~U’t

m , ’ ti,u 1 I’ll , itsi i’m’ p i t ie’ p i t t  C i te ’

o p t tim’ pit r t ilt ’

B i- _ u iii Itohi mutt i t itt ’
ACh , ~‘ -LII ’

5) ACitI’: • mto i’e’p I tte’p htt ’ t ilt ’

uuci c hangs’; j ute i 5 ’.m so ; 4 doe t , ’ ,c so •

ALib nov t ,ut t 5inmm As’ , ,m~h~’ iii’ 1 a t m ’ s~v s ’ 1 ,tite ’ ; A C)t , ace ’ t v I chus ’ It itt ’ ; ACh E ,
meet v 1 5’huci 1 t ete ’ es ~‘ ta s~’ ; 5’A~’Il’ , ci ’ 5’ i t , ’ A~’lP ; L-’P— P _i i t t ’ , t m ’ tuc t c i i tm’ — 1 ,ti—

dc lilies phi _ ut  .u itt ’ ~~— 5 i  - -  l’.ist ’ • s i tus ’o ss’ —t i— 1ihtos hiht ml t a so ; ~—hI’i’ , sc’ i-cit out itt ; 1K 1
i utimttuut oremmc I t ye i its t i h it ; l’s’, pi’t- t uv m i to eatho ~v late’ ; l’PI’. , plies plied t ,‘ s t ~~’ i~~i so

h’EE’CK lilies phtot ’mto I py i’tc~’mI It’ ~ ,U- hicixi ’ ~ ~~ S c ’ ; I’CF , pro i t t  m~’, I aitd in F PR,
~i t O t e ’ iut ‘K t utm ito ; tumid I’ll • Iv ros t ile hivsh t’si~tv 1 . immt ’ I

1

—~~ -~~~~~ ~~~~~~~-—---- - —- ~~~~~~~~~~~~~~~~~~~~ - -. ,,, 4



CHR ON [C 1OXICI h”f 1, Lsi ttg ts’ c-- itt te sts , 2 vomi t’s , or 11 let int o t r e ’ mut m e ’ t t t  )

5. Be h tavj c i r a l E t t e c t s

thi gh lv S~ gn if icant d it te renct ’s were fcis mitd betwe e n lm’artt ing d ism ub led

¼ LD) and tioi-uti,1 I 5’b ii dren in the ams it utt t s si I cadmium , cob_ i it , 1 ~‘ad , autsl

irntttgmuit m ’Sm ’ in the lea ir ~,I’ less titan 0.001 ) (128). F ra t  ic i s  were  84 .52 ,

j’i .QO , 28.32. mitid I S . 2 I , r~’ sps ’c t i v o l v .  ‘ rhts ’ r m ’ wmm s also a positive

co m e imi t ion hotws’m’ui lead and casimiurn lov e  Is ¼ r = + 0. )3 • P I~~ss tiu.-utt

0. Os) I ) . The Iua in has b~~’n shown to be si t tO c i t  h u m ’ aveitu es sit m’XC r e t  i Cit o t

c admium t rein thie body 1,2 ). l’hue aim thusir s regarded th e s’ Iev mu It’d lead mind

cadm ium leve It in t its’ 1 eat- n ing d ismib led ~ rc ittp s as he juts c i t  pm u r I Cu 1 mit’

impor tance

8. E I’ fec t it ciii 1’ i sss tes and Organs ( iltumm uns)

Nose

Chro n i c m’xpcis iu re to cadmium may result in damage to ti l t’ oh fac tor~’

appa ra t us  o f  Sn I t ic  im ’ttt seven it v  to cause ity ps ist iu ia or t o t m m  1 mtttosm ta. ‘liii ’

ex tent  o f  datnmtg s’ appears to be dependent on dtu rat ion aitd Cs itis’ et t t  r a t  i siii c i t

t his’ exposure . In one s t  smdy , o t f a c t o r v  damage was fouitd in 5 3— h5 ’~ ot

workers expcised ton 10—29 years to cmi din i turn mind it -i 9 ~ of those exps ism ’d

ion more titan 30 v emmr s . In aitothter surv ey • ci i f a c tory impmm irmm’ttt wmu S

found in  37~ o f  th e  workers stud ied . A pos it ive es irrt’ Lit ion bm ’tws’ett

anosm ia aitd prote inuria has ml Iso been bound in w o r k e r s  e x p o s e d  to emudmiuutu

(1).

Tee t it

A ye 1 l~~ ring mit t u e  neck o f  the tsisitht itmt s bm ’ett observed in works’rs

exposed to cadmium and was at one t ime p ropos ed  mis a wm m r n i t t g  it igmt et

chron ic  cadmium i n t o x i c a t ion. Mechtani s ms postum I~ut~’d inc lude stu n t a c t ’

absorption of cadmium, neac t i e- i n  w i t h  si m 1 Isur—co ntai rming su hs t tmns ’ t ’s itt t h e ’

s a l i v a , or metabol ic  condi t ions ( 1) .

I
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Bsit’me

I tm i i — It mm i J t i t e m i S e’ t os_ i tid in cm ’ i’ ta  i t  itt ’s’ t i ons  c i t  Japan has been

mu tt  r ihu ted to pci lieu t Ott c i t  w. i t OT ’  t utt d c t c i~
)s by i utdu st r i m l 1 cmmdi tu j tint was to it

The’ cond it  iott mmppe ’mu i’s t o  be ~u it os ts’otnmu i .is ~ imt it u vsi lv uttg painfu l ,jsi m t s  and

buiitos , particular lv in tits’ hack and leg s. A c . i  he m m  ttutd p t c i t~’ u t  dietary

do t i c ion5-v mitt sl pos it iii iv I ~~ ~‘s t i’cigm’tt i ov s ’ i s  mmmv also b5’ s’t isi log ic Imuc Is-i t’ s

in t lts’ d i temise ’

~ ev o r  me I i t t  ud t o s  of i itdt u s t  t ’ 1 mm 1 w o r k e r s  e x p O S e ’ d to c admi n m itmuv~’

t e v e a  I5’d h 0mW c i t m m n c ’ , 5’s t im  i I mir or i den t temu l to those fsituitsi iii cis t u’oui~’i I mis ’ j mu

(1).

Ltmngs

‘lite ’c’e is esins idt’t’mmb ic ev idetic t’ th at p i c i  longs ’d u’xposuru’ sit iitd t m s t  t ’ i m i I

wo rker s t o  e miditt i stilt compotmnds may r~’sut It in citron i e oh St  r ue  t Vt ’ ~ U itnciut.mt ’~’

,mu, ’.j ,mu~’ ( emphv St’lnmi ~~. In one ~ ruitup o f  wc irken s s’ x p o s c s l  t o  cmidm turn cix i ,it’

f t mmes • Seven it v cit the oh it tnuc t ivs’ lung d is ci t’ult’r i’oslui red hcisp it ,i I i -‘ i ott

for Silt -it’ h i t ’ its of lii’cat i t. ‘l’he m o e  bait ism sif c admi t im— i t’islttc ~s1 u’mp htv s m ’mm m nay

be rt’ 1 ,m ted to c.mdmiunt S 

~ cmi p mis ’ it y tui i ith ib it mint i trvp it itt a c t  iv i Iv . ‘,imutua ~’,e

t o  nm’rvm ’ t t s s s u m ’ has a iso been suggm ’stm ’sl ‘is a csiuttr ibu t in~’, t ,ie tot Itt the

p at  lusi s’,e’ t i m ’S is c i t  s’ mud ml t int — i tiduc i’d e’mphiv se ’rn,l in mmi ii (1

K idneys

Prote inuria. Ri duiev dv i tt  tune t ion , as s ’v idm ’utu’ed by prsito imt r Li, is tile,

ms-itt s’ormllsiul muhnsii’m_’i 1 its’ found j ut w o rke rs  clu i’out iu’a l i v  ex pos e’d to 5’,’idmi uiti .

‘rite inc idettc e of  prote incu r i t  in w o r k m’rs o~ pots ’d ts i cadmium for 20 voat’s

in t hue’ mu 1k_i h u e ’ i tt  ci t’mig s’ h mit terv i ndu it t ry was $1 ‘~ . Om it’ the’onv ci t’ hits ’

pathtogene’s i s  of  the pnuite int u l’ t m m in ca shuni tumu iittox i cat ion is ~Iec reasm’d

reab ss irp I on uif 1 ow me lecuc imu r we iglut pI’ote i mis by m ’euimu 1 t uhu lt’~ . I t  ha s

ml iso been s suggm’sted th at pratt ’ in in thte umr inc tummy resul t  frsiitu

in ter fe rence liv tuhe m la n—h ou nd cadmium wit h h u t ’ kidney ‘it ab i I jt~’ to

c mu t m m b o l i~~s’ p r s i t m’ ins ( I ) .

I
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Renal Stones. Kidney stones were found in 44% of a group of cadmium
workers in Sweden who had beeit exposed to cadmium dust for more than 15
years. The stones were composed mainly of calc ium phosphate . Disturbed
excretion of ca lc ium and phos phorus itas been suggested as a possible

umEchanism of the stone formation (1).

I
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Cadmium Toxicity — Matrix

Syst em Acute Treatment Subchronic Treatment Chronic Treatment Pi.

or (inc luding in (short term tests , (long term test , up to En

Effec t vitro tests) up to 90 days) 2 years or lifetime )

1. Hematolog ic o Hemo lysis (4) .  o Anemia (mainly o Anemia (low a.
hypochromic & hemog lobin & RBC
microcytic) (64). count) (86 ,93) . b.

o Cytopathic o Increased
e ffec ts in RBC reticulocytes and
and p late lets eosinophils (87) .
(108).

2. Bone Marrow o Inh ibition of o No patho logic o Hyperp lasia in rats a.
hemog lobin changes (humans) (87).
synthesis (109). (66). o No patholog ic changes

( humans)  ( 6 6) .

3. Immunolog ic o Nc effects o Decreased viral o Decreased number a.
Effec t reported. antibod y titer antibod y— p roducin g

(67 ) .  ce l l s  ( sp leen),

o Adverse effect on primary, and
B lymphocy tes (125) . secondary immune

responses (88).

4. Central Nervous o Hemorrhagic o No effects reported. o Sensory , optical ,
System (CNS) lesions in and motor nerve

cerebrum , chronaxy cha nges
cerebellum , proport ional to
Gasserian and exposure (humans)

sensory sp inal (89) .
gang lia (5 ,6) .

o Degeneration in o No studies in
dorsal root experimental animals

gang lia reported (2).

mitochondria and
unmye linated
axons ; g lycogen
deposits in
neurona l
perikanya
(in vitro) (1).

o Degeneration in
cerebe liar
cells in vitro

I (I10).
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Cadmium Tox ic i ty  
— Mat r i x

ic Treatment Chronic Treatment Pred ic t i ve  T e s t s
em t e s t s , ( long term tes t , up to Endpoints Recoumnended

days) 2 years  or l i fe t ime)

a (ma inly o Anemia ( low a. Henuolysis a. In vivo
hromic & hemog lobin & RBC hematolog ic te s t s
cy tic) (64 ) .  count) (86 ,93) .  b. Anemia

o Increased  (S ub c h n o n i c )
r et i c u locy tes and
eosinoph i L s (87).

th o log ic o Hy p e r p las ia in r a t s  a. Inhibit ion a. in vitro
es (huma ns ) ( 87 ) .  of hemo— cytotoxicity

o No patholog ic chan ges globin test
( humans )  (66 ) .  synthesis

b . Bone marnow
d i f f e ren t i a l
( t u r n  over and
c y c l e  r a t e s

ased viral o Decreased number a. Decreased a. Immunolog ical
ody titer antibody—produc ing viral anti— tes ts

cells (spleen), bod y t i ter
se effec t on primary, and (subchnonic)
phocytes (125). secondary immune

responses (88).

fects reported. o Sensory , optical , None None
and motor nerve
chronaxy changes
propont iona l to
exposure (humans)

(89).

o No stud ies in
experimental animals
reported (2).

b ’-- - -

~~~~

---—- 
_ _ _ _ _  

-

~~~~~~~~

- - - -
•
— -  

(
‘

__ 
,:: ~~~~~~~-—~‘



F ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Cadmium Toxicity 
— 

Mat r ix  (Cont. ,

System Acu te Treatment Subchronic Treatment Chronic Treatment Pre
on (inc luding in ( s h o r t  te rm t e s t s , ( long term t e s t , up to End

E f f e c t  v i t ro  t e s t s)  up to 90 days) 2 y e a r s  or lifetime )

5. Behavonial o None reported. o Signif icantly o None reported.  a.
E f f e c t s  increased

spontaneous
locomotor act ivity
( 126).

b.

6. Cardiovascular o Hypertens ion o Hypertens ion o Hypertension results a.
Effects (rat) after 1 ( rabbit) ;  decreased in rats inconc lusive

month (8). response to (90,91).
ang iotensin (68) .

1 0 Constr ic t ion of
smaller , and
dilation of larger ,
renal arter ies;
fibrosis of
peritubular

cap illaries in
rats ( 70) .

0 Desensit ization of
vasculature to
vaso cons tric tors and
dila tors in rats; no
hypertension (69 ) .

7. Biochemical and o Kidney . 0 Kidney . 0 Kidney . None a.
Histochemical Decreased Increased reported.
Effec ts alkaline glucose—synthesizing

phosphatase enzyme ac tivity (71)

activit y (18). Decreased b.
• Inhibited leucinaminopeptidase

glucogenesis activity (72).

in vitro (ib). Decreased g lucose
formation by cortex
slices in vitro
( 16).
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‘1

Cadmium Toxicity Matrix (Cont.)

System Acu te Treatment Subchronic Treatment Chronic Treatment Pre
or (inc luding in (short term tests , (long term test , up to End]

Effect vitro tests) up to 90 days) 2 years or lifetime )

7. Biochemical and o Liver o Liver. o Liver.
Histochemical Increased l’mep atic Increased glucose—
Ef fec t s  cyc lic AMP (7 6 ) .  synthesizing enzymes
(cont ’d) Decreased hepatic activity (71).

phosphodie sterase Elevated adeny late
(PDE) activity cyclase
(76) .  (fluoride—activated
Dec reased hepat ic and basal form ) Inc reased
glycogen leve l (76). phosphory las e—a
( 76) .  Enhanced hepatic ac t i v i ty  (74) .
Uncoup ling, cyc lic Decreased
Phospho ry lation — AMP—synthesizing aldolase activity
succina te , enzyme (basal) (76). (74).

citrate , DPN in Stimulation of:
ii mitoci’uondria hepatic pyruvate

(12 ,13). carboxy lase ,
phosphoenal—pyruvate
carboxy k inase ,
fructose— i,
6—d iphospluatase , and
glucose—6-- phosphatase
( 76) .
Al tered
Phosp hory lat ion
( uncoup ling) in
mitochondria (74) .
Decreased glycogen
(71) .

o Testes. o Testes. o Testes. None
Increased Increased adeny l reported.
glucogene sis and cycla se ac tivity and
lac ta te pho sphodiesterase
form ation (17). activity (73) .

I

iH /
/ 
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Cadmium Toxicity — Matrix (Cont.)

Sys tem Acute Treatment Subchronic Treatment Chronic Treatment Predi
or ( inc luding in (shor t term tes ts , (long term test , up to Endpo:

Effect vitro tests) up to 90 days) 2 years or lifetime )

7. Biochemical and Decreased Decreased cyclic
His tochem ical glucose—6— AMP—dependent and
E f f e c ts phospha te , AMP—independent
(cont ’d) adenosinetri— protein kinase

phospha te, and activity (7 3 ) .
glycogen levels
(17).

o Prostate. o Prostate.  o Prostate. None
Decreased o Increased cyc lic reported.
alkaline AMP b inding to
phosphatase prostatic protein
activity (18). and increased cyclic
Inhibited AMP—dependent
succinoxidase prote in kin ase
activity (15). activity ( 7 3 ) .

Decmeased adeny l
cyclase act ivity
and cyclic AMP (73).

o ~~~ o ~~~~~~~~~~~ None reported. o ~~~~~ None
Inhibited reported.
phosphory lation
and resp iration
in alveolar

macrophage
mi tochondria
(14).

o Blood. o Blood . o Blood. None
Increased alpha— Increased g lucose reported.
and beta— leve l (71 , 76).
globulins (20).  Decreased calcium
Increased leve l (7 9 ) .
glucose (76). Decreased insulin
Increased serum value s ( 76).
urea (76 ) .
Decreased ser um
albumin (20).

4
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Cadmium Toxicity 
— 

Matr ix (Cont.)

System Acute Treatment Subchronic Treatment Chronic Treatment Pi
or ( inc luding in (snort term tests , (long term test , up to Ei

Effec t vitro tests) up to 90 days) 2 years or lifetime )

7. Biochemical and o Dental Pulp o Den tal Pu lp. None o Dental Pulp.
His tochemical (in vitro), reported. None Reported.
E f f e c t s  

J~~creased amount o Brain
(cont ’d) C—ac tivity Increased dopa m ine

in TCA— soluble (127).
poo l (19) . Increased tyrosine
Red uced hydroxy lase (126).

~~
corpora t ion Increased tryp tophan
C—ac tivity hy droxy lase (126).

into total Increased
pro tein and 5—hy droxy indoleacetic
collagen; reduced acid (126).
p4opor t ions Enhanced

C— labeled norepinephrine
pro tein and levels (126).
collagen and Dec reased
reduced acety lcholine
proportion of (127).
total ~5otein— Decreased serotonin
bound C— (127).

~~
tivity and Decreased
C— hy droxy— catec hol—o—meth y l

proline in t ransferase (126) .
med ium (19) .

o Inhibited
succ inoxidase
act ivity (15) .

o Induct ion of
thionein (9) .

8. E f fec t on a Body weight. o Body weight. o Body we ight. a.

Organs and None reported. Decrease (73). Growth retard ation
Tissues (95).

o Nose. Damage t o
olfactor y -system
( luuman) ( 1) .

o Teeth. None o Teeth. None o Teeth. Yellow ring
reported. reported. mit neck ot

toot h (human) ( 1) .

5
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~~ Toxicity — Matrix (Cont.)

Itment Chronic Treatment Predictive Tests

its , ( long term test , up to Endpoints Recommended

2 years or lifetime )

None a Dental 
~~4PL

,
None Reported.

pami ne

~ros m e
(126).

~yp tophan
(126).

loleace tic

m e
) .

ne

erotonin

methy l
(126).

o Body weight . a. Decreased a. In vitro cell

3). Growth retardation mineral con— chemistry (liver)

(95). ten t (bone)
o Nose. Damage to (subchronic)

olfac tory system (correlation

(human) (1). wi th
e o Teeth. Yellow ring biochemical)

a t neck of
tooth (human) (I).

5
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Cadmium Toxici ty 
— M a t r i x  ( C o n t . )

System Acute Treatment Subchronic Treatment Chronic Treatment Pri
or (inc luding in (short term tests , (long term test , up to En~Effect vitro tests) up to 90 days) 2 years or lifetime )

8. Effec t on o Bone. None o Bone. o Bone. b.
Organs and reported. Increased collagen Increase in ratio
Ti ss ues solubility and of calc ium to
(cont ’d) soluble/insoluble hyd r o x y p r o l i ne

collagen ratio (75). (95). c.
Decreased total Decrease in wei ght
co llagen (75). of femur , grea ter
Decreased minera l in females than in d.

• content ( 79). males (95) .
Inhibited bone Abnormal proport ion
format ion; of water and calcium
osteoporot ic/changed (95) .  e.
( 121). Osteomalacia

disorders (human)
(1).

o Thyroid. o Thyroid. Adverse o Thyro id. None
None reported. changes in thyroxine reported.

secre t ion ra te (TSR)
and histology of
gland (122).

o ~~~~~ Edema, o ~~~~~ None reported. a ~~~~~~~~~~ Emp hysema
pro liferative (human) (1) .
interstitial
pneumon itis ,
per ivascular and
per ibronchial
fibrosis (25) .
Reduced
viability of
a lveolar
macrophages
accompan ied by
reduced ac id
phosphatase
activ ity and
ce ll surface
changes (27 ) .

6
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Cadmium Toxicity — 
Matrix (Cont.)

tic Treatment Chronic Treatment Predictive Tests
erm tests , (long term test , up to End poin ts Recommended

day s) 2 years or life t ime)

a Bone. b . Peribron— b . Zinc/cadmium
tased collagen Increase in ratio chial relationshi p
iiii ty and of calcium to fibrosis (pancreas)
lie/insoluble hydrox y p r o l i ne (lung)
igen ratio (75). (95) .  c. Decreased c. Microscop ic
tased total  Decrease in weight insulin examination
igen ( 75) .  of femur , greater (pancreas) ( lung and k idney)
ased mineral in females than in — d. Fatty in— d. Protein synthesis
tnt (79). males (95). filtration (RNA/DNA)
tited bone Abnorma l proportion (subchronic)
Ition; of water and calcium (liver)

~porotic/changed (95) .  e. Kidney e. Kidney/liver
Osteomalacia necrosis function tests
disorders (human)
(1).

‘id. Adverse o Thyroid. None
ies in thyroxine reported.

ttion rate (TSR)
tistology of
1 (122).

* None reported. o ~~~~~ Emphysema
(human ) (I).

I,

6
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Cadmium Toxici ty — Matrix (Cont.)

System Acute Treatment Subchronic Treatment Chronic Treatment Pred
or ( inc luding in (short term tests , (long term test , up to Endp

Effec t vi tro tes ts ) up to 90 days) 2 years or life t ime)

8. Effec t on o Pancreas. o Pancreas. Decreased o Pancreas. None
Organs and Inh ibition of insulin secretion reported.

C Tissues insulin and immnunoreactive
(con t ’d) secretion (26). insulin re lease

(77).

o Liver. Growth of o Liver. Fatty a Liver. None
cell cultures infiltration reported.
inhib ited (24).
in vitro (114).

o Kidney . o Kidney. None o Kidney . Tubular
Bila teral reported. damage in prox ima l
hemor rhag ic segmen t (87 ,92).
necrosis (21). Microscop ic changes
Tubular lesions in glomeruli (92).
of nephro t ic Cadmium deposi t ion
type (22). in rena l cortex
Fat deposition (92). Proteinunia
in tubular and increased amino
ep ithelium (24) .  ac id and cadmium

excret ion (92) .
Kidney stones
(human) ( 1).

o Adrenals. None 0 Adrenals . Increased o Adrenals. None
reported. adrena l weight. reported.

Increases in
norep inephnine and
ep inephrine levels
as well  as
increased adrena l
tyrosine
hyd roxy lase
activity . (76)

o Gonads. See a Gonads. None o Gonads. See
Reproductive & reported. Reproduct ive and
Teratogen ic Teratogenic E t t e c t s ,
Effec ts.

7
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Cadmium Toxicity — Matrix (Cont.)

System Acu te Treatment Subchronic Treatment Chronic Treatment Pred
or (inc luding in (short term tests , (long term test , up to Endp

Effec t vitro tests) up to 90 days) 2 years or lifetime )

9. Cy tolog ic and a Chromatid and o None reported. o None reported. a.
Cy togenet ic isochromat id
Effects breaks ,

translocations ,
and dicentric
chromosomes in
human leucocy tes
in vitro (115).

o Chromatid breaks
and other
chromosomal
abnormalities in
peri phera l
leucocy tes from
Itai—Itai disease
patients (116).

o Reduced mitotic
index , s tickiness

• and pycnosis of

chromosomes ,
stathmokinetic
effec t, structural
chromosome
aberrations in
vitro (117).

o Destruction of
ribosomes and
mitochondria.
Severe adverse
e ffec ts on
endop lasmic
reticulum and
nucleus in
vitro (118).

o No increase
in dominant
lethal mutations
in mice (28).

8
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Cadmium Toxicity — Matrix (Cont.)

~nic Treatment Chronic Treatment, Predictive Tests
term tests , (long term test , up to End points Recommended
0 days) 2 yea rs or life time)

reported. o None reported. a. Chromatid a. Sister chromatid
breaks  exchange

8 
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Cadmium Toxici ty 
— 

Matrix (Cont.)

System Acute Treatment Subchronic Treatment Chronic Treatment Pr
or (including in (short term tests , (long term test , up to En

Effec t vitro tests) up to 90 days) 2 years or lifetime)

9. Cy tolog ic and o No chromosoma l
Cytogene t ic rearrangements
Effec ts in dividing
(cont ’d) mou se

spermatocy tes
in male parent
or o f f s p r i n g
(28).

10. Molecular o RNA synthesis , o None reported. o None reported . a.
Ef fec ts  both enhanced

and inhibited
in rats and in
isolated rat

- liver nuclei ,
depend ing on
dose and t ime
(30).

o DNA synthesis,
decrease d in
partia ll y
hepatectomized
rats ( 30) .

o RNA Synthesis,
DNA Synthesis ,
and RNA/DNA
ratio , decreased
in rat testes
(120).

o Cytop lasmic
Protein
Synthesis ,
inh ibited in
the rat ( 2 9 ).

o Base mispairin g,
between synthetic
po lyribonucleot ides
in vitro (119).

9
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Toxicity 
— 

Matr ix (Cont.)

tmnent Chron ic Treatment Predict ive Tests
t s , ( long term test , up to Endpo ints Recommended

2 years or l ifetime)

d. o None reported. a. Decreased a. RNA—ASE tes t
RNA , DNA , b. Cytochrome P450
prote in changes
synthes is
(corre lat ion
with liver
changes)

9
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Cadmium Toxici ty — Matrix (Cant.)

System Acute Treatment Subchronic Treatment Chronic Treatment Predi
or (inc luding in (short term tests , (long term test , up to Endpo

Effec t vitro tests) up to 90 days) 2 years or lifetime )

11. Rep roductive o Testes. Vascular o Testes. Decrease in o Testes. Slight a. TI,
and damage (34). weight (73). changes (10). di
Teratogenic Cap illary s tasis ,
Effec ts ischemic necrosis o Prostate. Decrease o Prostate. None b. B~

of seminiferous in weight reported . (i

tubules followed (73). 11
by comple te  Cl
(10 ,23 ,31 ,32).
Rep lacen~ent of C. T
testicular tissue e:
by eosi nophilic
material ;
sterility (33).

o Ovaries. o Ovaries. None found . a Ovaries. None found .
Reduced wei ght
(38). Follic ular o Estrous cycle. o Estrous cycle. None
atresia (36). Prolongation found .
Sterility (81).
(36—38). Massive
hemorrhage and
necrosis (37 ) .

o Behavior. o Behavior . None o Behavior. None
Temporary loss reported. reported.
of copu latory
ac t ivity (39) .

o Performance . 0 Performance. None o Performance. Slight
Reduced found. deficit in weight
pregnancy gain and a sli ght
rate in matings increase in
with treated fertility.
males (35). Longevity decreased

(high dosage) or
increased (low
dosage) (98). Loss
of strain in two
generations. High
death rateamong
newborn. Growth
retardat ionin
progeny ( 12 4 ) .

10
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iium Toxicity — 
Matrix ( Cont.)

rreatment Chronic Treatment Predictive I’ests
- tests , (long term test , up to Endpoint s Recommended

~s) 2 years or lifetime )

Decrease in o Testes. Sli ght a. Testicular a. Histological
73). ch anges (10). damage examination

( t e s t e s)

• Decrease - - o P ros ta te .  None b. Behavior b. Reproduction
reported. (temporary assessment

loss of screening
copulatory (Nardone—Wilson)
ac t i v i t y)

c. Teratogenic
e f f e c t s

None found . o Ovar ies. None found .

~yc 1e. o Estrous cyc le .  None
:ion found.

• None o Behavior . None
reported.

ace. None o Performance. Slight
defic it in weight
ga in  and a s l i ght
increase in

• fe r t i l i t y .
Longevity decreased
(high dosage) or
inc reased ( low
dosage) (98). Loss
of strain in two
generations. High
dea th ra teamong
newborn. Growth
retarda t ionin
progeny (124).
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Cmi dumi i m mm ii lox i c i t y  — Matrix ( . )

icr

Sv s tent Acu te ‘( remitment, Stubc (ironic ‘l’ ro: utmen t ~ Cii run i c ‘1’ I’c ’;i tmm it ’uit 1’ red ict’
or ( inc Is_ id i tu g in (sl ot-i to i- mit t e s t s , ( long t e l - ill t e s t  , tip t cc Eludpoi~t

El too t vitro tests) up to 90 days )  vc ’mir or i i  t o t  imiue ) —

I I. Rep rodime t I ye o ‘l’or atogones is • o ‘l’or ’ato gc’nes is. o Ter m o c o n e s  i s .  Shi mir 1 i •1

mind Anop hu thia huu i mu or Dec reased tel a I m mn gt m h ml t ion o I di st  mu I
ho i- mi Logen Ic nu i C roplu t lu mu m u  a , we i glut mind i tic l’emu ~m c ’ liii rd ol ( m m  i 1 (1 L~- m ) . -I

El I c ’C i s  dy So l as t  Ic or i m u let mi I d e mu i iu  r a t e ’ ‘Cl

c ont ‘ d) ml) sent em rs , (80 ) . Dec rem S c ’S iii

Iuy drocep himi ly s i  ;-~t ’ and we ighul c i t  
-

(4 0) .  netuuumi tos  (81).
E xo n c e p h u a  ly , Fetm i I mim io umma 1 ~~~~~~ 

— C

5011Cc ,’ 0 l~ ta I h , m c  rogumi t hu i a , c he it  iol
vmug i na I at  r e-s  im , pa i mit O , c hiS to o t
ske 1& c ta 1 mind smumu IL I ttngs (80 )
ma I tormat ions;
aboi- t ioiu ,
hu ern orr lumug ic
m m m i  ot i c f is _ u id
( 4 1) .
Abnor umumi i ii es iii

C m ir t  i iage
I 01-mat ion ,
do layed oss it i —

cat Ion, c h’ I t

lips mind mu mid
p a l  m i t t ’ (42).

2. M~ t;ubt, I isin o Alsorpt ion. o Absorpt ioiu . 0 Ahs~~j~,t loll . Nouic ’ m m .  Body
Skin.  Only l— 2 ~ Skin.  None re po m ’ted .  ( liv
aqueou s caduu mit unu t-eported. kidn
cli I or I do mub sot’Iies_ I 1). Excr
over p er  i od o f 5 (url
iiouirs (44).

Resp iratory ~~~~J~ir~ !o!~~ t r a c t .
tract. None reported.
Est jmated to  be
1O—4 ()~, of  am ount
inlumuled ( 2) .
Castrointt ’stinmu i (~ iu~Lr ointes t ina 1
t ra ct .  t m - a c t .  An
Approx imate iy i’s I I u m um u t ed 2L~ o I

;ihi SO1’h)Cd C mid m u is _ tut u i nge s L o t h  - -

mm l~( t ’ r 24 luoLil’s is mubsot -lied I, 2 )
(4b).
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tic i lv — M:mtr ix ( Cs_ -c u t  . )

Cli ron Ic ‘l’ m’e,i tune mit P red jet i ye l *~ sis

( long to rumm to  st , tip t ci End po iii t s Nec ofluut t idocl
2 s_’ c ’ ml t ’ S or Ii Ic ’~ j uno )

0 ‘to imu togeue s i  S . Shu m m r p
mungu lm u t ion of d i s tm i 1

taso t h u i i ’d ol t a i L  ( 1 2 4) .

~a to
I in
of

Left

(80).

o Absorpt ion. None m l .  hiodv bum’douu a. l’humurunmic ok I net j

re por ted . ( l i v en  s I n s _ I t t ’s
k cluut ’y ( mubso m ’pt i oh

S. Exc 1-c’ t I OIl s _ h i s  I r Ilim it ion ,
(iii’ I u u o  ) c ’XC  u’e I ion , hod~’

burden)

1

(1

1
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Cadmium Toxicity — Matrix (Co nt ’d)

System Acu te Treatment Subchronic Treatment Chronic Treatment Pred
or ( inc luding in ( shor t term tes ts , (long term test , up to Endp

Effec t vitro tes ts) up to 90 days) 2 years or l i f e t ime )

12. Metabolism o Transport. o Transport. Blood levels o Transport. Mean
( cont inued) Cadmium increase steadily to b lood levels a f te r

enters blood around 1750 ng/g and 21 weeks of daily
within a very p lateau at the 10th week subc utaneous
short t ime during daily subcutaneous administration were
after administration (64). found to be
expos ure via Thionein invo lved in app roxima tely 48 ng/g
air , gastro— transporting cadmium as (100).
intestinal cadmium—thionein comp lex
tract or (123).
inject ion
(2).  Most
of the
injec ted
dosage
d isappears
from p lasma
within 30—80
minutes
(50 ,51).
In man, b lood
conta ins only
about 0.1%
of total body
bu rden of
cadmium (53) .

o Tissue o Tissue Distribution and o Tissue Distribution
Distribution Retention. Liver , and Retention.
and kidney , pancreas , and Mean cadmium
Retention. spleen levels o f 1480 , concentrat ions i n
Liver and 1000, 193 , and 180 ug/g, li ver , kidney,
kidney store respective ly, were found pancreas , and sp leen
50—75% of after 10 weeks of dail y we re 188 , 170 , 1’i ,

body burden , subcutaneous injections and 10 ug/g,
prior to (83). respective ly, after
kidney administration in
damage. the drinking wat e r
Pancreas and for 6 months (101) .
sp leen also
s tore
rela t ive ly
large amounts.
(2)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Cadmi um Toxi city — Matrix (Cont ’d)

System Acute Treatment Subchronic Treatment Chronic Treatment Predi
or (including in (short term tests , (long term test , up to Endpc

Effe ct vitro tes ts) up to 90 days) 2 years or life time)

12. Metabolism o Transport. o Transport. Blood levels o Transport. Mean blood
(continued) Cadmium increase steadily to levels af te r 21 week s

enters blood around 1750 ng/g and of daily subcutaneous
within a very plateau at the 10th week administration were
shor t t ime during daily cub— found to be
after cutaneou s administration approximate ly 48 ng/g
exposure via (64). (100).
air , gastro— Thionein involved in
intes tinal transpor ting cadmium as
tract or cadmium—thione in comp lex
injection (123).
(2 ) .  Most of
the inj ec ted
dos age
disappears from
p lasma within
30—80 minu tes
(50 ,51). In
man, blood
contains only
about 0.1% of
tota l body
burden of
cadmium (53).

13



Cadmium Toxici ty — Matrix (Con t ’d)

Sy stem Acute Treatment Subchronic Treatment Chronic Treatment Predictive
or ( inc luding in ( shor t term tes ts , (long term test , up to End points

Effec t vitro tests) up to 90 days) 2 years or lifetime)

12. Metabolism o Tissue o Tissue Distribution o Tissue Distribution
(Continued) Distribution and and Retention. and Retention. Mean

Retention . Liver Liver, kidney, cadmium concen tra t ions
and kidney store pancreas , and sp leen in l ive r, kidney,
50—75% of body levels of 1480 , pancreas , and sp leen
burden , prior to 1000, 193 , and were 188, 170 , 29 ,
kidney damage. 180 uglg, and 10 ug/g,
Pancreas and respec t ive ly, wer e respec t ively, afte r
sp leen also found after 10 administration in
store weeks of daily the drinking water
re lative ly subcutaneous fo r 6 months (101).
large amounts. injections (83).
(2)

o P lacental o Placental transfer. o Placental t ransfer.
transfer. Large Feta l liver None reported.
doses of cadmium concentration was
may destroy the more than twice
p lacental that of co ntrols ,
barrier and in dams exposed
enter fe tu s from day of
(2 ,57 ,58). conception (81, 84).

o Excretion. o Excretion. Daily o Excretion. Urinary
Cadmium is urinary excre tion exc re t ion was
excre ted via of subc utaneou s insignificant during
urine , fe ces , cadmium was less first four months of
bile , hair , than 1% of daily subcutaneous admini—
and saliva (2) . dose up to 8 week s st ra t ion, a sudden

when the excre t ion inc rease then
ra te rose sharp ly occurred , reaching a
and reached a level level exceeding the
approximate ly 100 dail y dose in some
times that of instances. Fecal
first weeks (83). excretion was

sligh t ly higher but
corresponded to only
6.6 % of the daily
dose after 29 weeks.
( 9 2 )

o Biological o Biological Half—Time . o Biological Half—Time .
Half—Time . None reported. Two (2 )  years in mice
App roxim ately af ter daily injection
200 day s fo r 25 weeks ( 2 ) .
( roden ts) to
1.5 years
(monkey) (2 ) .

14
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Cadmium Toxici ty — Matrix (Cont.)

System Acu te Treatment Subchronic Treatment Chronic Treatment Pr~
or (inc luding in (short term tests , (long term test , up to End

Effec t vitro tests) up to 90 days) 2 years or lifetime )

13. Carcinogenesis o None repor ted. 0 None reported. o Injection—site a.
sarcoma s have been
produced in rats by
a number of workers
(102—105).
Metastatic tumors
in reg ional lymph
nodes and lungs were
found in one study
(104).

o Interst i t ial  ce l l
tumors of the testes
have a l s o bee n
induced in rats and
mice by subcutaneous
injections of cadmium
chloride (106) .

o Teratomas or
Serto li—cell adenomas
induced by
subcutaneous , intra-
musc u lar , or
intratesticular
inject ion of cadmium
(112).

o Ora l adm inis tra t ion
of cadmium ace ta te
to ra ts in the
drinking wa ter
(5 ppm ) fr om
weaning until dea th
(4 years) did not
cause a si g n i f i c a n t
increase in tumors
over the untreated
control incidence
(107).
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rn Toxicity — Matrix (Cont.)

atment Chronic Trea tment Predic t ive Tes ts
sts , (long term test , up to End poin ts Recommended

2 years or lifetime)

ed. o Injec tion—site a. None a. Sister chromatid
sarcomas have bee n exchange
produced in rats by b. In vivo and in
a number of workers vi tro tes ts
(102 105). (Ames ,
Metastat ic tumors Drosophila,
in reg ional lymph etc.)
nodes and lungs were
found in one study
(104).

o Interstitial cell
tumors of the te~~,es
have also been
induced in rats and
mice by subcutaneous
injec t ions of cadmium
chloride (106).

o Tera tomas or
Sertoli—cell adenomas
induced by
subcutaneous , in tra-
muscu l a r , or
in tratesticular
injection of cadmium
(112).

o Ora l administration
of cadmium ace tate
to rats in the
drinking wa ter
(5 ppm ) from
weaning until death
(4 years) did not
cause a si gnifican t
increase in tumors
over the un trea ted
con trol incidence
(107).
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EXPERIMENTAL PHOSPHORUS TOXiCITY

INTRODUCTION

Phosphorus exists in several allotrop ic forms of which the red and white

varieties are the most common. Both forms are emp loyed in combination with

butyl rubber to produce smoke screens and signaling smokes for the military.

On combustion both-i the red and the wh i te forms produce a dense white smoke of

phosphorus pentoxide with the density of the smoke being qualitative ly greater

fo r  whi te phosphorus.

Red Phosphorus. Although red phosphor u s is genera l l y considered as having low

toxicity, experimental data to support this claim are scarce. No report was

found in the literature regarding its carcinogenic and mutagenic or

teratogenic potential either in man or an imals. Furthermore , information on

its chronic toxicity in humans under occupationa l exposure conditions are otT

doubtful significance because workers were exposed to white nospluorus as wel l

during working hours. The experimental data on its nuetabolism remain

unconfirmed. No occupationa l safety standards have as yet been estab lishued

[or red phosphorus.

Whi te Phosphorus. White phosphorus is highl y toxic and produces a strong

system effect. The toxicity data on this element are certainl y more extensive

and more informative than those on red phosphor us, both in the experimental

and occupationa l spheres. The occupationa l safety standard for this element

has been establis hed. The current permissible human exposure limits tor white

phosphorus is 0. 1mg/rn3 
(1). Itic acute fatal dose of vim i te phosphorus b r

humans is ~0 mg but as little as 15 mg have resulted iti untoward symptoms ~2 ) .

Acute phosph orus poisoning usuall y occurs as a result of accidental or

suicida l ingestion. However , experimental studies have demonstrated thai

acute systemic toxicit y may occur as a result of burns.

I
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Acute phosphorus poisoning symptoms appear in two stages. During the

firs t 24 hours there is severe gastrointestina l irritation and the victim

sometimes dies of card iovascular failure as early as 12 hours after ingestion

of a fatal dose. Th is stage may be foll owed by a latent period which may last

from a few hours to a few day s depend ing on the amount ingested. The systemic

s tage is cha rac terized by abdomina l pa in s, nausea , vomiting , hematemesis and

other hemorrhag ic manifestations. Jaundice , hepa tomegaly , oli gur ia  toxic

pyschosis , coma and shock also occur. There is severe damage to the liver and

kidney . Death may occur at any time . Cirrhosis of the liver has been

rep or ted a f ter recovery from acute state. Abnorma l electrocardiographs ,

ur i nary  and ser um levels  of c a l c i um and pho sphate , proteinuria and

am inoaciduria as well as eleva tion of ser um g liutamic — pyruvic transaminase

(SGPT) are all indicative signs of pho sphorus intoxication (3, 4, 5, t).

Ch ronic phosp horus poisoning is a result of continued absorption of small

amounts of wh ite phosphorus over long periods. Chronic intoxication is

charac terized by periostitis with suppuration , necrosi s, ulceration and
deformity of the jaw bone . Polymorphic leucopenia and susceptibility to bone

fr ac tu res are secondary cli n ical signs (3 , 4, 5).

The ora l LD50 for male and female rats was reported as 3.76 and 
7
•Q3

mg/kg , re spec t ive ly (7). In mice , the ora l  LD50 was found to be 4.82 mg/kg

for males and 4.85 mg/kg for females (7). In both species the symptoms of

intoxica t ion inc luded anorexia, jaundice and enlarged livers , f o l l owed oy

death which occurred over a period of several days (7). The lowest letha l

concentration through the inhalation route was reported to be 500 mg/rn
3 

in

mice with an imals dying wi thin 10 minutes of exposure to th is concentration

(8). The ora l LD
50 in other animals has not been reported.

Si nce red and whi te phosphorus differ so greatl y in their toxicity to

humans and experimental animals , their effects will be discussed under

separ ate h ivisions , A. Red pho sphorus and B. White phosphorus. Their toxicity

will be discussed under subtitles I,. Acute Toxicity, 11. Subchronic
- Toxicity, and III. Chronic Toxicity. Section li,~. w i l l  desc r ibe some of the

pertine nt phy sical and ciiemical properties relating to their biolog i c a l

etfec ts. 

—
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A. REt) Ph OSPh ORUS

I. ACUt E OXICITI’Y (inc l uding in vitro tests)

I. Heutuato [o~~ic E l  ted s

Leucopen ia. Sing le doses ol 100 mg/k g ot red phosp h orus given iv to

ra bb i ts  resul ted imi dec reased leucocy te and e r y th i- ocy  It ’ coumuts w i thi i n  h o u r s  o t

t reatment .  both paratuuett ’rs dec lined progressive ly wit h t ime wit h all treated

mi ii imals succuunb i mug betw~ eiu thut -~ b th u — 8t h pos t—t rea tmen t  day (9 ) .

No iii toirnat ion was I ound 01-i hum iuans

_‘ . Hone Marrow Chuau ugt .s

I nto rmuuat ion was ava ii ab Ic iii exper imiuenta I an irna is or huumiians

3. lumnummo logic E L  t e ct s

No in toi’muiat iomu was miva i lab 1&~ in ex per  lIluelut ml I mimi immi is  o r hi u mamu s .

4. Ct’mutra l Nervous Sysletmu (CNS)_ E tte ~~tt’

Rabb it s g i ve n  s mug Ic im i j cc t t om is o 1 100 umug / kg 01 it’ d phuos phuoru S Lii t o  I h ue

ugu tar  VI’ i It showed a loss o I a ppe t i to  by t ime 3rd day mind died by Jay o — 8 ot

the exper immuent (9 ) .

.. Behaviora l Ett e ct s

S~~e CNS e I t cc t S I or expem - m cii I ml I mi ll Itt i mi is. No in t ormmu at ion was b uIld

regard u lug beh avior in humans.

1
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u. Cardiovascular Ettec t s

No intormat ion was tound on experim ta 1 anima is or hu u mn a n s  regard iuig t h e

ette c t 0 red phosphorus on the card i ac muscles , per icardiunu , blood pressur e

etc.

7. Biochemical and Histochemical Chuam uges

No i iii ormat ion was I ound regard m ug emi zymu umi t ic cluauuges Induced in c i the r

experimenta l animals or humans by red pluosp hiorus.

S. Effects on Body Wei ght, [issues and Organs

Body Weight: None Reported.

Liver: Extensive fatty degeneration was observed i i i  rabbits tollow u ng iv

injection oh 100 mg/kg (9).

Kid ney: Fatty degene rat ye chatuges we it ’ tound imu t h e  k i diuey lo l lo w  ing iv

injection (100 mg/kg)  of red ph osphorus into rabbits t,9).

Sp leen: hhy p e r p lasma in  sp lenic tissue has bee n r’~’ported as a r esult  ot

acute red phosphuorus injections (100 mg/kg ) Into rabbits ~~~~

Genital: Hyperp last m c chamiges were observed iii the tt ’Stes amid ovaries ot

rabbits subjected to acute iv injections tu t red ph os p horus ( 101) iutg,k g ) 5).

brqi n: Nerve c e l l  dogenerat ion was observed in rabb its given 100 mug /k g iv

dose oh red phosphor us (9).

there is no tnt orma t i ott on I hue ac iit t ’ et I t~c Is o t red r t ’~ ’~ 
phio i l ls  OIl ~uu mmia mu

tissues and organs.

_ _ _ _ _ _
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9. ~ytolog ic and Cytogenctic Ef fects

there is no imiformat ion avai lab le in t h e  l i t e ra tu re  on t b.’ acu te  t o x i c

e I tec ts 01 red pluos phuorus on thue churomosorne s oh exper imuien t a I am-i t imus is or l iumatus.

10. th e Molecular Ett ects

No in  toruuat ion was Loumud regard ing t u e  e t t e c  t s 01 mc d phuos pluoru s oIl t lie

DNA , RNA and protein synthesis in vivo or in vitro test tug in experinici utal

animals or in  huumans .

Ii. Embryonic and l’eratogenic Ette cts

No stud ics have bee& u reported in the l ite ra tu re  on thut~ poss ib It’

eunb ryo letha l and tera togem u mc c h o c  18 01 red ph osp h orus in e x pe r i lm uci m Ia 1

min ima is. Nor art’ there any repor ts  on Lets  1 d~ m it hus ot abnorma l it  t o s  in h umans

due to acute acc idental I -‘in ic ida 1) phuos p huom-us ex posure .

12. Metabol ism

Us I huaunn and Ho lnua ( I ) st ud ted t lie ii is It’ i hut i oii .iiud cxc ret t on of

32P—iabe led red phosphorus aeroso l (0 .4u mt ui c rims) im i 15 umu ice (sex , age not

given) . The mice were exposed to S mu g/ rn
3 

coilcem i t i-at ions in am-i m ul u s tat iou

c hamtib er for ont~ hour and sac r i I iced at t imuue m e  rva is vs iv imug I m oms U to 10

days to 1 low ing expos tire . Au to rad iog rap h Ic muuea suremue’n Is oh whole sec t  i oIn’ 5h

m ice revea led hi ighest rad i oac I iv i ty in t hue resp iratory amid dig est ive I j e t

immumed iate ly a t  to r expos mire (0 t immie ) . No act  iv it y was dot t ’c I es im i t lie uppt~ ~
-

re s p i rat ory t rac 1 20 mulnu Los m i t  Ic r e xp osu rt’ mind iii t e r .~ dmiy s t hi’ lmmiig w a s  1 hut ’

on ly organ wt i ichi showed sonic rad ioac liv it v . ‘l’hut ’ uw t~~bo 1 1 8th ot  p hmos phuoru s wit

not discussed.

There is no m t  orutiat ion in t h uc C i i i ’ i~’ u t  l i t  e rat ut’t’ omi mib 5 0 1  j l~ 1011 ,

d is tr ibu t ion and cxc ret iou ot red phuos phuorus iii hiuuians .

I
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13. Carcinogenicity

No an ima l or h uman data arc ava i table on the ca rc  imiogen Ic potent, i m i !  ot

acute exposure to red phosphorus.

- ‘::~ --- 
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II. SUBCIIRON IC ’I’OXICITY (Short term tests)

No intornuatioti was found regarding subc hrom itc studies on red

phosphorus on laboratory animals in any ot the categories listed under

the acute studies. Nor were any data toumid in t h e literature related to

subchronic tox i c  ity ot  red pho s p horus in Iuumans.

I
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Ill. CHRONIC TOXICiTY ( Long te rm tes ts )

Only one animal s tudy rela t ing to chr on ic toxic ity of red phosphorus

was found in the literature (9) .  The results of this study indicated -
‘

that an imals exposed to red phosp horus showed acute parenchymatous or

inters tit ial nephrit is , alopecia and desq uamation of the skin. However

the study could not be prope r ly evalua ted because the dose , spec ies , and

dura t ion of expos ure were not given.

Another report based on chronic exposure of a 40—year—old man in a

p lant which conver ted white phosphorus to red phosphorus is questionable

because of the circumstances under which the patient worked (11).

Osteomyeiitis of the mand ible diagnosed in this patient was attributed to

the pre sence of unconver ted whi te phosphorus during the manufacture of

red phosphorus.

I
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IV. PhYSiCA L ANt ) ChiE~hlCAL k’ROPER’IIES

Red phuos phiorus is t he ot hi ’ r c l ass  o I so lid a h o t  ropes s i t  ph i— u phiorus

a f te r  whi i Ic ph o s p horus , hiav ing soutue conuttterc Imt 1 int porta nce . It is

prepart ’(l conuuierc iall y by heat ing wit ito ph o s p h orus mit about ~ UO °C icr

severa l hours. b c  i no , Su Ilur or sodium utiay be used mis a c a t a l y s t .  Red

ph o s p h orus as prepared by conuuerc ial processes  is mu m ost  emit ire lY

mlmiior phious. Red phues phiorus p reps red by vs r I OS S mt ue ti iods oxhi ib i t s  d if  Ic rem - it

pi s ’~~t ’ rt  m es . kite iiic It imig point is repor ted to range I ro~ti 3b,— b OU°C; misc

u1ueasmi re~ dens it 1 es save been foutid to va ry  b e t wee n  .0 aiid .~~~ g,cnt
3

the c~ ’ 1cr ot lest phos pimet us  is I out-id to vary I rommt a deep s c a m  let to

b rs tws  • and o t o  let , Jo pet ist lu g on the mt t v t hod o f p reps rmlt jo l t  • ~-~m t5 j t i v  S

s ix mutod i t  ic at u otis 01 it ’s phios pluo rmu s may ex i st but 1101 a 11 01 t lien a i’ s ’

stru c t urali y 5’tt - st.i c tt ’ri m~5’d. (100,101)

t ime i~ ’~ 
Si cmi I properties of red ph o s p h orus am -e g iven in lab Ic 1

I
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Tab le j

PHYSICAL PROP~ RT1ES OF RED PHOSPHORUS (boo )

Appearance : Redd ish—brown amorphous powd er

(commnerc ial)

Melting point (trip le point): 590°C at 43.1 atmosphere

Boiling point : 280°C
Ignition temperature : 2ü0°C

Density: 2.31 g/cmn
3

Heat of sublima~ ion : 19.7 — 28.8 Kcal/mole P
4

Heat of combustion (amorphous): 703.2 0.5 Kcal/mole P~
(crystalline): b9].7 = 0.4 Kcal/mole P ,

Sol ubility: Very slightl y sol uble  in cold  wate r ,

insoluble in organic so lvents , soluble

in phosphorus tribromide . 
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Red phosphor us is re la t ive ly less reactive than white phosphorus. it

is stable in air and ignites on ly when heated in air at 2u0°C. At

normal temperatures and humidities , red phosp hor us reac ts sl owl y with the

wa ter vapor and oxygen in air to for m phosphine and a m ix tu re of oxyacids
of phosphorus. Th is slow oxidation is exothermic and is accelerated by

an increase in temperature . Traces of copper , iron , silve r, nicke l and
bismuth ca ta lyze the oxidation of red phosp hor us by moist air. Red

phosphorus reac ts wi th atmospher ic oxygen to give phosphor us pen toxide as

the major produc t which is then c onverted by the moisture in air to

phosphor ic ac id. (100 ,101)

The reac t ions of red and wh i te phosphor us are similar. Red

phosphorus reac ts wi t h aqueous alkali to g ive pho sptuine , comb ines with

halogens to give t n —  or pentah’ualides and withi sulfur to give sulfides.

Phosphides  are p roduced by reaction with -i metals and non—metals. (100)

I 
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B. W hIl’l t PhtOSk’h IORUS

I. ACUTE ’l’OXICITY (including in vitro observations)

I. Hematolog ic Ettects

Leucopenia — Neutropenia (Iiutuuitus). buckamian et al. (12) injected 3

dogs (breed not indicated ) witS 0.4 mg/kg of wh ite ph osp h orus in peanut

oil subcutaneousl y (sc). Three day s later the dogs showed hematemosis

and d ied by the bth day post treatnuent. Examination ot the b lood J u r im g

intoxication did not reveal any leucopenia. in one case oI huuuu an

poisoning where a 21—year—old man ingested 21.4 mg/kg  ci wh i te phuosp luor ti s

(oO g of rat poison containing 2 . 5 %  ol white phosphorus) , marked

leucopenia and neutropenia were observed (13). This observation was

later contirmed by othiers (2).

Leucocytos is t.Humans). hi izenshustaut ot a l .  (1~+ )  stud ied t h e  acute

toxicity of phosphorus vapors in industrial workers exposed to 0.035 ntg/ l

ot white phosphorus and 0 .22  mg/ I of phosp horus  pentox ide b r  2—b hours

at 7.0 hour intervals. Six to 20 hours later , workers comp lained ci

headache , verti go and ch est pains. Blood examination revealed an

increase in leucocytes ~9,350—14 ,500) and neutrop h ii l s (o9—80~~). In oIlier

instances there was an incremis o in lymphocytes and monocytes (2).

Erythrocytosis (Human). Diaz— Riveral et at. ( 2 )  observed an increase

in red blood ce l l  number in humans exposed acute ly to whi ite phosp horus.

Thie increase appeared ear lier during in tox ica t ion  and pers isted at t int ’s
b r  as long as 14 dmu vs even in tnt ’ preset - ice of suf l  m e lent huy drat  ion .

Most workers be lieve that c hiam mges i t  the blood p i c t u r e  (such mis

descr ibed above) , w i th  the exception ci the b lood—chemis t r y  a ber ra t  ions

ci hyperp huosph atem ma and huyp ocmu lcem ia , are too general  and

imuchuara c te r is t  ic amid may not ume c e ssar  I Iv im’m d i ca tc  phosp horus polsomu ing

I
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Fibrinogen. Wlu ipp le et a!. (15) reported on a case where a fox

ter r ier  (ma l e)  wa s g iven a sing le injec t ion of 10 mg of wh ite phosphorus
subcutaneousl y. Seven days later a blood sample was taken and the p lasma

wa s tound to c l o t nor ma l l y but the clot was decidedl y f l a b b y, indicati ng

a drop in fibrim-m ogen. The anima l was very sick and was sacrificed.

Autopsy was performed at once. Again the blood clotted but the clots

formed sof t jel ly l ik e masses , ind icating very little fibrinogen.

Massive Hemolysis (Human). Massive hemo lysis was repor ted in one
pat ient who su f fered white phosphorus burns over 29% of his boay when a

grenade contain ing white pho sphor us exp loded at his feet (it-i). Seventy—

two hours afte r the injury the patient ’s hematocrit dropped from lb to

11% , and the hemog lobin declined Irom 7.9 to 4.1 g/100 ml . ‘ihe p lasma

hemog lobin was 4 gIlOO ml and the urine supernatant hemog lobin was 4.7

g/ 100 ml.

The hemorrhag ic manifes tations of ac ute phosphoru s toxicity are

described in Section 8. l’hey all have their origin, apparently, in the

fatty changes which occur in the coats of the arterioles and are not due

to blood changes.

2. Bone Marrow Changes

No reports were found on the acute effects of white phosphorus on the

bone marrow in experimental animals or humans .

3. luminunologic Effects

No reports were found on the acute effects of white phosphorus on t h e

immunolog ic system in experimental animals or humans.

4. Central Nervous System (CNS) Effects

bowen et al. (17) induced white phosph orus burns on shaved backs ot

rabbits anesthetized with ether (130 animals ) using time Standard Whit e

I
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Phosphorus Burn (SWPB) procedure . The burn time was limited to 1 minute

and the amount of white phosphorus used to produce the burn was 10 mug.

Death occurred in 65% of the animals with 18 hours post—burn. Death was

preceded by shivering , twitching , loss of appe tite, poor response to
st imulation and depression. These changes were usuall y evident within 4

hours of treatment. No patholog ic observations were reported.

Takeya—Siko (18) administered phosphora ted oil containing 8% white

phosp horus to dogs (8 animals) and studied the ef fec t on the brain

structures. The animals showed strong hyperem ia and conges t ion of the
meninges, hemorrhage in the m idb rain and hindb ra in, damage to gang lion

and glial cel ls and extensive subarachnoida l hemorrhage .

Wer tham (19) reviewed the literature of histopatholog ic a l

investi gation s in clinical cases re lating to acute phosphorus poison ing

and i ts effec t on the CNS. A range of effects such as parasthenia ,

de leriou s s tates , acute excitement , psychos is and coma were noted.

Pathologic findings inc luded hemorrhage and sof tening of the subco rtica l
gray matter , para lysis of facial nerve , pronounced fatty degenera t ion of

the brain cortex , des truc t ion of ganglion cells , severe damage to the

infe r ior olive s (inc rus ta t ions of the outer Colgi nets of g a n gl i on c e l l s )

and hyperenuia.

Wine k et al. (20) noted depressive neurosis in a 45—year—old man who

inges ted rat paste containing 3% wh i te phosphorus.

5. Behavioral Effects

See CNS Effec ts.

~~~. Cardiovascular Ef fec ts

In humans reg ional cerebra l arterial hypotensi on was reported in 4 of

5 patients following exposure to white pho sphorus vapors (0.035 mg/I ) icr

2—b hours at 7—hou t intervals. The brachia l arterial pr essure was

120/60 — 140/90 mmmi Hg and the maxima l recorded in the temporal arteries

was 15—30 rmin Hg in all four patients (14).

15
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bowen et al. (7) studied the effec t of whuite phosphorus burn on the

cardiovascular system of 130 rabbits. The burn was produced by the

standard method (see CNS effects). Electrocardiographic tracings were

made hourl y for the first 12 hours postburn under li ght sedation.

Ab normalities were observed in 70% of the animals within 1 hour posthurn ,

and these consisted of prolonged Q—T interva l , S—T segment depression ,

1—wave changes , brachycardia and low voltage of the QRS complex.

Ventricular arrhythmias were not observed.

Winek et al. (20) reported on two patients who had ingested 3% white

phosphorus in rat paste and later died of cardiopu lmonary fail ure .

Newburger et al. (13) found a similar reaction in one patient who had

inges ted 60 g of rat paste containing 2% o f whi te pho sphorus.

Tall ey et a!. (21) reported a case of poisoning in which 15.7 mg/kg

of white phosp horu s inges ted acc id en t ly produced a pulse rate of h O/mm

with a systolic pressure of 60 nun Hg. The electrocardiogram revealed

arterial fibrillation with wide slurred QRS comp lexes. Chest X—rays

showed diffuse cardiac enlargement. Death due to cardiac arrest occurred

22 hours after ingestion of poison. Other abnormalities observed in

instances where 2.5 — 8% white phosphorus was ingested m i  de abnorma l

P—waves , p rolonged P—R intervals , delayed intraventricular conduction ,

nodal  rh y thms , prolonged Q—T intervals , abnorma l S—T segments , T—wave

changes and ventricular fibrillation (22, 23). Death in all instances

was usua ll y due either to peri phera l vascular collapse or cardiac

sta”udsti ll (2).

7. bioch emical and Histochiemical Effects

-~ Serum. Rabbits receiving the SWPB (17) showed a decrease in serum

calcium and inc rease in serum phosphorus. In similar studies in rats

where the SWPB was induced with 10 and 50 mg ci wh i te phosphorus , Ben— Hu r

et al. (24), Ben—Hur and Ap p e l b a um (.~~
) at-id Appelba utn et al. t 2 o )

observed a rise ii’ serum phosphorus within 2 hours postburn whic h- i  r eac hed

more than twice the norma l leve l by 2 +  hours postburn (norma l level 4.3

I ~‘
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mg %; burned leve l ii mg Z) .  More than 6t% of the burned rats (10 of 15)

had eleva ted plasma urea nitrogen (PUN) values above 100 mg Z (norma l,

10—12 mg %) and low sodium va lue (125—130 milliequivalents/1) as compared

to controls (135—143 millequivalents/i). Potassium values were also in

excess of contro l levels (8 miliiequivalents/1 vs norma l 4—5

milliequivalents/1). Serum glutamic—pyruvic transaminase (SGPT) activity

was significantly elevated (100 units/mi vs norma l 10 units/mi) in all

animals. A transitory decrease was observed in creatinine blood levels

at 72 hours but this gradually re turned to normal by the 5 th postburn day .

Bodansky (27) studied the effec t of white phosphorus on the glucose

levels in the blood of a female dog which had been injected sc with 0.38

mg/kg of the element dissolved in olive oil. The blood sugar leve l

assessed prior to treatment was 0.096%. Three days after treatment it

was 0.108%. The an ima l was then given a second dose of 0.38 mg/kg of

white phosphorus. Three days after the injection the glucose leve l was

0.068%. Al though no s tat is t ical eva luations were made , it appeared that

white phosphorus did not influence the leve l of glucos e in the blood of
the dog significantly . A small increase was also seen in creatine and

creatinine .

Huraya (28) injec ted rabbits sc with 0.5 mg/kg of white phosphorus
and determined tota l nitrogen , residual nitrogen , total fa tty ac id and

choles tero l, and polypep tide nitrogen in the blood at various times (8,

Ib, 24, 32 , 40 and 48 hours) after the injection. The most significant

change was the increase in the amount of non—protein nitrogen. The fatty

acid , cholesterol and lecithin remained norma l, while the e thereal

su lfa te inc reased considerab ly. The amount of polypeptide nitrogen and

total residual nitrogen remained normal b r 48 hours and then decreased

as the damage to the kidney became apparent. These changes in blood

chemistry reveal that the products of autolysis in liver cells are
flooded into the blood stream , while the fat content remains normal. The

fatty infil tration in the liver and kidney which always accompanies white

phosphorus intoxication probab ly resul ts from the inability of the cells

of these organs to man ipula te the incoming fa tty substance.

I
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~~~~~~

I t e a t  tut ’n I . lo  ,is t ’e’ 1 1 a in wite I lti.’ I L i  p i t l  pt’ I ox i ‘,t.i t t v ’  dot ’ t~tu~i Os it  lol l was

I ItVt i Ivi ’t h I Li t hi’ ttt t ’s’ltSIi i Silt i~~t hit los P t i tuu5 l i l t  OX ii ,t I 10th, 1,115 Wt ’l t ’

P’’ t t e ’ a t t ’d ip i w i t  Ii plii .iic il~ ii b it  o 1 h’t’ ) ¼ lIt) mgi k g iii

N N ’ ~l I hih.’hiv I “P’— Phtl ’ & t% ’  I ,‘it~ sh 1.1111 1 ut’ ¼ Iii’lii)) ¼ ‘‘0(1 tug ;k g ~~t l o t  I.’ phiosp hit it u s

t i l t c i x  t o  a t  i titi . hit ’ pat t o  I i i g Iv .- o  L I ci.,’ s ,tn,l ii i t i  .iv t o  Ii’ I a t ’ - ,. ‘I ~ 
I lo ut  vi l’~’~

’ 11

ii t lit It ’ 1 .’vii ’iil. i t I I~~ it Is W t ’ L t ’ St  lit1 I Oil. 0I’IIII 1,1 I lOtl ( t i I’ I I t ’~ I t ilt ’ t l . l t l t . i gc ’

~~I tit, lls t’tt ti ’p’ pIt i~~1iht i& i t s  ,iii,l I’lL .1 i d  not t ai ls, ’ d t l t L  I lii i i ttc t t ’avi, ’ ill

I i  ig I’,,’ et i tie ,u5 ’ 1 - uituui I ,it I ti l l I Li I itt ’ I i v o i  . I i&t ’i e was lit ’ ~ ‘\  I ,h ’ii.’ t ’ 01 I ip iii

pt ’ i t i ~~ l c t ~ t t  Iu ’ i l  i i i  o i l  hie ’ i c i t  t i l t ’ 1 i It ’ t  h t ’.&It ’ ct g i c h i l ls  o t  ~i u i i n t .t  Is as s U ’ t t ’ t tn i lit ’ it

ti ’p ill ,‘Ilt ’ c c iii t i g a t  I till , i t i  5~~ij  p (  I oil.

0

I’)
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flu rw it z ¼ i4 ) cdiii’ ( t i  .1 5 i Lli 1 ba t  CL)iic lii S I Liii iii i .115 .it i ,t lii i Ut ’

i ntox t cat t ’ d w i tui 2 — 7  • 5 mg/kg ot  phiosp htot ’us . Ilowevi’r , i t  t u e  dU IHLU lv i

r o c t ’ iveth pt tet i Larb i t a I ¼ 5 0 — 7 ’  mg/k g / day )  soon ( 1 1— l b  Rout s ) a t  t t ’ r

pliosphot’u s I n t o x  I.’ at  1 oLi 
* 

t hit’ ~ is t ’ in su I toh  ronio— ph t h u  It’ Ill ¼ tsSP ) i nduc e’d

by the lox i cant returned to  normal rap id ly

,Io l, ii tug et a I . ( t i  ) st ud i t,’d t ’ s t e ’ t a  s e at ’ I iv i ty  iii I ho 1 i vi’r 01 0111’ dog

pot  soned so wit,  ii 3 tiii I b i  b i t t ’ rs o t  pliosp horu vi i.ii I ( aniouhit o t  wit it t ’
pRos phorus not g i von) . ‘i’Iit’ an inta 1 was k t l b  ~d ~3 lion vi t i lt  ii I lit’ i Iijt’i.’ t i OLI

and the ii vex’ assjyi ’d lox ’ i t s  t’s to ruse ai.’ l iv  i t  y . Lstt ’  c’as i.’ act  l v i  I y was

a lso do tt’rini nod in tint roa ted c o n t r o l s .  ‘l’lit’ Ii ve’ r ol ( lit’ piiosp hoz ’us

t r t ’atod dog showed marked f a t t y  dogeLlt’r at ion and dt’c rt ’asod t’S te’ rdSi’

no L i v i ts ’  . S iii i 1 Br obset’ vat ions were tiiatk’ by WIt 1 PI~ 
li,’ et .11 . ¼ t )  and

Ca i i ta u o  ( 3 0 ) .

One hunt,! rod and S iX  tilt 1 e W i St a 1’ t a t  13 Wi.’ i t ’ g i v e n  by ga s t  z ic in tubat ion

10 mhcroCut ’ie 01 P mixt’d w i t h  1.5 mg/kg ot  unlabeled l)Iiospttot ’U13 iii

lit nera 1 o ~i . iRe emi t rot  root’ i vet! t ’qu i v ii lent  ~i1i10uii) t 13 cii mliii.’ r at  o il

a lone . ‘l’hit’ i’a t s we rt ’ k t 1 1 ott at 4 , 11 and I ~. Rout- s a It t ’ r I t t ’ a tinen I and

the l ivers assuty t’d b r  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ act iv i t y  ill the ni t i.’rosoines.

At 4 lion rs thit’rt’ Wil S no s ign i t t  cant di t t t ’t ’ t’flce’ in t’nzymt’ a c t i vi t y  l)etWt’ t’u

t ilt ’ 0 out to I and t rea t i’d au twa Is , tint itt 12 a itt! 24 lion i’s POS I— I  Z’t’a I n&t ’n t  .1

si gii it 1 cant  i lit ’ i t ’ ii st ’ (p 1 t’ss than 0.0 2’  utntl p 1 t ’SS t ha n  0.0 1

respi’c I ivo ly ) in no l iv it y was not ott I Li (lit’ I rea l  ed Vt ’ rsus I ho c out t ’o 1

.&ii ima ls (3/).

But’d i ng antI Ladow I g ( Lb ) s I  tid ii’d I lit’ sv ut lie s i s  ot  £,,~ ,,

lciu’on1c a&’ t d by

I iv t ’r s ii coy t ’X C  t sod I rtiui gIL I neil p igs  po t Soibeth w i t  hi wli ito  phosp h orus

1 it t  ox oil I ion w as  protItict’d by SO lii J VC t i on ol 7 ‘ mg/ kg ot wIi it t ’

phosplnu’us d is~ o lvt ’Lt it i  nit ne’ra I o i  I. Ilit ’ resu l ts  showed a cons idt’ z’ab It’

rt’duc 1 i t ilt in (hi.’ sy III lit’ s t s o t  g liii.’ it It ’n it ’ lIc it! by ~~ t i i sont ’d ii V i’ 1’ it l ice  s

Iluruya ¼ 2b ) t n t  t’c 10th ma It’ rah,b i t s  ¼ &iuinbi ’ i ’ not g ivon ) so w i t h  t) •

mg / kg ot  wti itt ’ pRos pRo ru vi iLl ii I lvi’ o i 1 . lhit ’ an i ma Is wi.’ t o  k i t  I e’d at

vary ing  t ilflt ’ ill or vs Is a t  I t’r I roat  n iol i t  ( 5 — 4 8  htiti i’s ) , and I lit’ Ii V t ’ IS

0

,* l)

~~~~-L~~~~
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removed and ana lyz ed b r  wa te r  content , total and residual iiitrogen ,

t o ta l f a t t y  acids , po lypeptide ti i trogeu , lec it h in  and cho les te ro l  ( t o t a l ,

t ree and ester  cho lt ’ste ro 1). ‘the resu l ts  showed that wa te r  contt ’nt ,

t o t a l  ii i trogen, t a t t y  ac ids and cito lestero l  inc reased si gn i t i can t  l v ,

wh i to the lec ithi in showed onl y a snia 11 inc rt ’aso . ‘the po lype~x t ide

nitrogens and residua l nitrogens increased w i t h  tIit’ degree ob

iLi tox icat lon . A l l  c it  these changes in the l iver bioc henList ry indicated

that white  phosphorus intert t’rred with t h e tat metabolisnt by in tl ib i t lug

the transtorinatton of the tat molecule in the liver.

Seakins and Robinson (39 )  administt ’ red 1.5 tug ot w hi te  phosp horus

d isso lved in 0.3 nil cit olive oil (test group) or 0.3 ml 01 olive oil

alone (contro l group) by sto mu c h i n t u b at i o n  to  to ma to  r a t s .  ‘Iwo hours

later 20 n i i c rocu r i es  o f  DL( 1~~~
4 C) leucine , b microcuries ot ¼

32P )

orthophosphate and 20 m ic rocu r i es  of sodium (l- ’4c) acetate were

i nj cc ted iv into the ta i I vt’ in, liii’ an itna is we ri.5 k i 11 od 1 .5, 3.0 lion rs

or at variou s times afte r injection of the radioactive precursors ,

respective ly, and the livers assayed tot incorporation o~ the precursors

into protein (DL- (l- 14
C) leucine ), phosphiolip ids ((

32 P )

orthophosphate ) and tree cholesterol (sodium (1-~
14
c) acetate. ‘thi’

results showed a rist ’ in the amount ot t ’steri lied tatty acid in the

liver. ‘two hours atter administratioL i ol white phosphorus , the

incorporation of DL— (1—
14
C) leucino into lIt,,’ liver was markedly reduced

32 - , l’~wii tie the i ncor po ra I tou t  o t  ( P) o r tho p hos pha to and ot sod iuni ( 1 —  t. )

acetate into liver phospho l i p id and trot ’ cholt ’stet’oI were not

stgn it i ca n t l y chiangod.

‘ Studies on glycogen leve ls in l ivers [row rabbits poisoned w i t h  7.h

and 34 mg 01 whi te phosphorus showed that there was a decrease in l ivt ’i

sj uco&en at a l l  three doses (40) .  lIie glycogt’ n content of the rabb it

l ivers poisoned wi th  4 .5  mg/k g ot  phos p horus ( s c  i nj t ’ c t i o n )  was

determine d before and a [ti’r the Mod i t ied  Dextrose ‘loleranc e lest (41).

f t c  number ot an imals treated was 7. ‘l’wo ol the rabbits died by Jo hours

po st—i njection , two more were killed b r  observations ott the tiepat ic

gl ycogen . i’hree rabbits wore sub jected to the sugar tolerance and

0 .
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t’p i iit’pht 1 l Ilt ’ It ’ ~.t  S b ‘~ hititi I S  a It i’ I iii ) t ’ t ’ 1 i Liii L ’ t  whi i t t ’ 1ihiosp hii it i i  vi • I In’

i t ’ s L i l t  vi vi Iit iWt~ti I hat I lit ’ iii i t i a I h t oot! s ttga~ i t t  a I t liii t’ t ’ t al ibi i t  vi was

tt~ t i t’ tI I ~‘ I tiwt ’ t Ot t  . I ti I wti a it i inn I it lIt t ’ I — It ott i c ill Vt ’ 1311 t iwt ’ a i t ’ iu .i i k ithi 1 o

I ~~lV t’ t’IIt L a ;  lIt t lit’ I h i t  ~
( I lti ’ ii’ ~~~~ p i  .is ’ I i ~ .i 1 Iv no e 1 o v a l  ion s i t Ii 1 t iot l

stI g:lL a t I  t ’ & ito xli ovi,’ , w a t t ’ i and i iisu I L it hiatl t)eoit g iVe i l  nut !  I hue av t ’ i agi ’

t’l 0i~ I ~ ~~~~~ w ,ts V o l  V low . i~t I et op i iit’plui i tit ’  I lit ’ Ii btiod v i t i g i t i in I hit’ I i t  s I

two an iwa Is it ’ v i . ’ vi hat p 1 v ¼ 2 . “ — liii .1) 
* wIt i h’ in I hut’ I lii ItI t I t o  I b I~ i a It ’ I V

bow I .‘vt ’ 1 ¼ L .’ ~tig ) au.! z ~‘uua 1 uit ’tl I ~w w i t  htoiit ,‘ nusi iig ,,‘Oll V it 1 t otis

iitt i 1 .11 Ii’ su It ~ we I i’ i 0 ~~“ i t o s ’~ l L l ie  i I’ v s it  hi t ’ t i liv t’N I  i gal sit

¼’ , .’ ‘t~~ ‘I . lii iitivit I h i v i t  , t l t s t ’ vi .1 ~~ s ’ g t i ’ S v i i v t ’ tIt ’t’ iO,i lSt ’ iii t t o p a t  Ic g h iit ’ si vit ’ wa~ ’

~i L L 5 i iII t’ ,4a  to il  liv ~i ui l ilt ’ I * ‘ , l v i s ’ Iii i t t  111.1 1 V 1i’vt ’ Is ,‘t  t . i s  I I t ’ a~ t t l.

i’ .i Ii t a ns ’ ¼’ ,$ )  v i t  u t !  l t ’ tt i’X vgoIi s’ t iusii lutp t ion iii ,it ’h* i t  1 iV . ’I ~~ s ’ l5s ~ hi t~tt

w i t  hi wti i t t ’ phosp hiot us.  fl it ’ .111 i i tta Is w e l t ’ g i Vo l i  l’~ phiosp hioi a t e ’J til l at

o I I . ‘ ‘ itt g~ kg ~Iav V 1 .1 gas I L  Ic t u t  uib ,it i ott , a u t h Wt ’ t  t ’ k i I lot! s ill t Ilt~ ~ t hi

sl . IV 3, t Ilt ’ sI , iv u t  ut i . iX lLit .t l  t a l l y  tlt ’gt ’no t .11 ion .uit.l t h t i ’ I i vt ’i ~u s v i a~’ t ’ sl lot

g,t~’c o L~’ C IL  dL I ~ 1 1 % .  tb tti,lL i i i itl( ’ C  I Is  .hel t ’ t  lii i t in t  t L ’II s howt ’d t lint s i ,
~

u’ u i liN Ltli i l* I lo ~ ~‘I I t t ~’ u, ’1i ,i( it ’ I i s s u ~’ I lout It  ~‘~tt i ’5I nut Itt ia Is was Ii l~~ lts ’t  I t t , i t t

t h i n  I ~ ‘ I not tin I l i v, ’ . lI t - i t 1  , ~* u  s’shuic £ ion was ,i i ,;o gi 0.11 i’ I liii I vi i l l . * ’

I hit ’ i itt i .‘a vi.’ w as  not I’ . u i  a I It ’ I It’ I t a t  0 1 ~ v it 0 Oil S 111111i I l oll I Iii’

u t ’ 5 1 ’ i t a t t ’ 1 V L~ t i s i t  ii ’i i t way  tILLii t i i i v i~ii’s l .  A u t a e t t ’ b i t ’ g l~~s ’ ti I v v i i v i  w as  v i l I l i l t a t  I,’
hal s ’t  uu. i ttiua 1 1 iv i~i . Ilut ’ s ’l ’S t ’ t V i ’tI L ilt ’ 1 0 5 1 3 0  i t t  t i x v g t ’i i L s i iisuli i l h i l IL iL i t.’a~

pt oti .it’ I ~‘ tltti ’ t o  L iX i t hat ion c it  I Iii’ ihot i li It’ bt ’Ltt I vi c i t  I hit ’ It l is a liii .11 t’sI t a t  I V

as ’ i . i s  . bit ’ phi t’lt I 1.1111 1 iii ’ • wIt i t~hi I tihi it ’  i t  S ili lt ooX i s I lt  I t ilt s i t  C h5 ’ LIoill’ ls~ t’oii.ls

‘I. ’,’ s Luol tnod t t v  I lit ’ ii ~~~ gt ’ll s t il t S iL tii~’t I ti li s i t I lit ’ t t e,i t t ’.,I I i V. ’ I S :lvi s’s ’t tt liat t ’sI

W i t  II t’ Liii li t’  1 t iss ut ’ • I lit ’ L IOIIViI Iog i ’iliut I ug .hs C iv t I v c i t  I Ii,’ lii ghii ’u .tnsl

I LiW O & t~~t I y no i~ I vi w~u vi t’Oib it i tie i a  ~‘ lv t t ’d i it ’ ~‘..I iL l  ii vi’ i ~ I t  s ’tlt C I t ’ ,uIt ’ d ati I it ua I ~

I lit’ I 013 5 t ’sl tiX vg t ’li 0 .iLiit ill iuj’ I t sili ,liluI I Lit ’ I s’~ l SOt ! L :11,’ c it  lit ’ I cigi ’ l it ’ vi ~s w a s

~ lss ’ oh s o t  vt ’tt iii gil l lit ’ .1 pIg Ii Vt ’ i vi It ’ I low i ti g ci t a I iti.tnt i 111131  t a t  i.’ i i s i t  1 .0

itt~ L~ I WIt i t t ’ pliosp hioLus  d i,sso I ve i l  il l ii Ii vi ’ L ’ t  I ¼ ’ +  / ‘
~ . 1 lit’ .tli i li t~ ’ ot  I hit S

Ii Vi ’ I Iii s ’X  Iii i t t ’ .t ,huIi ’*t St Ill t i lt  ~ t t ’ w a s  no I i utip .I I L o t !, dIlL! li t ’ .15 55 ’ s ’ 1(1 1 it ’ ll W I  vi

I OutlitI hi i’ t w o t ’ti ( Iii ’ utt’ I ,Ih L ’ I io L’ s ’~t ,l%’ L i ii .u ui~l ta l l  ~‘ ~ Iiat igt ’s I ouiti.I iii I tie

I t  1’ .u l t ’d 1 l Vt ’ t

I

- —-- ~~~~~~~~~~ ~
- ‘

~~
‘
~~~~ _~~~~, ~~~~~ ~~~~~~~~~~~~~~~~~~~~



‘the t ’ t I t’c t c it  phiosphio ru it i nt ox icat  ton on t h i t ’ levi.’ I c it  ulit’ L’t)St) Iflll l

cytochromt’ b—S and P—’. ’ t )  in rat l iver was ana lyzt ’d by boroLit ’ et a t .

(48 ) .  Wh itt’ phunphtot ’ us was ai.Imitt i s tt ’ri.’d ny gastr ic intubat ion at a dost ’
ot 7.’i mg/k g and t h e ’ ait imals wi’re killed after 24 hours. I n t o x ica t ion

with phosphorus did not cause signit icant changes in the amount c it

nt 10 rosoma I p igtut’nt . iiie data ud ica ted t hat conk’ en t i’ilt ions ot  phios ptiori is

whi ichi cau st’ [alt y degene t a t  i 011 in the 1 t ye r , do not 11111 ue’nc C t h e  levi.’ I

of t lie mc rosotLia l respi ratory p igunents , cy toi.’hronie b—S and P—450 .

in the rat tite inc roast’ in oxygen consunipt ion by poisoned liver and

kidney slices was accompanied (itt the mitochondria ) by inh ib i t ion of

oxidativ o phosphorylat ion , which was not spe citi c to phosp htorus poison ing

(49). An imals poisoned with sc injections 01 0.SZ phiosphorated oi l

exhibited a utarked tall in ltepatic pyridine nuc loo t  ides, whiic ht was

accompanied by a decrease in the ratio 01 the oxidi zed to rt’duced

pyridin e nucleotides , a decrease in hepat ic cytoclu’onue’—C and a declin e iii

adenos inc t r i phospha to (AlP). On the bait is cit the vii.’ ob se rvat ions , I lIt’

author thinks that uncoupling cit  oxidative phtosp htory iation is Liii.’ it ’sut t

ot the insu fticie n cy of the torLnation of AlP trotu ADA+P.

8. Ltt ects on body Wei ght, Organs and ‘l’issues.

body Wei ght. No t’ttec ts were reported on body w e i ght s  of

exper imenta I an twa is poisoned wit ii wh tIe phosphorus , anti L’t’por I s Ui.’~ I I t  itg

w i t t i  humali exposures did not descr ibe liii.’ t ’ 11cc  t ot acc 1 ~it’nta 1 phiosphiot ’us

poisoning on body w e i gh t .

Skin. Whi ito phosphorus was app lied as a 0. l~ solut m olt in t it’~intl t o il

(volume ot app lication not given) to thit’ skin cit  rabbits. ‘the n.’ was no

primary irri tat ititi tn the treated an imals at th is coitc,,’ntratioti (7). i~

dernili l si’ns it iv ity test in guinea p igs has not been reported.

Au unu sua 1 case of ex t  eLts ive, sttbcu t aneous hientor rha&e wiu it reported liv

Llann and Vea to (50 ) in ,i patient who hiat t i nges ted  ra t  po iso n con ta in ing

‘.~~ whit e phosphorus. l’Iiis tttat iitt ’stati out ot acute toxicit y has its origIn

a ppa rent ly in tat ty chattge’s wit ich i cic ctii’ in t lie co,t t vi ot a t Ie 1’ to les and

are’ not due to blood changes.
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t I Vi ’t . ~‘ 1 L1~~ Ii ’ vic 1 Ii I’’~
• I Oti t .  s it  Ii) uuu~ k g s i t  wit ili’ ~ hts ’5p lis *t  i~~. I s ’ 1.1 1 vi

1’ 1 s ’ s i L l s  ,‘.1 II S I gii i I ic n ut  Ills’ I .‘ ; ivi i’ iii Ii v e t  wt ’ 1 gIll ¼ 1

A -‘Wh’b i w as  pt  ui,h lls’i’.,l In ‘IIi 1 .11 5 W I  Iii .‘ “ ,i~~ ‘‘L i LU~ s ’ I wit I ii ’ ~ tl.iiI~ *his lt u

liii ’ 1111 1 11 1 l1~~ C lIlt ,.’ W a  S ’ 4  t Ul i u i i t s ’ v i .  h”~’ I I s iw i I Iii’ I’ll 1 Ii • I itt ’ ws’ttiisl W 5 S

511 IL l  I t ’ .1 • C l it ’ ati 1111:1 l v i  ~~~ ‘ 1 0 ii I I I t’~l :iiisi I lit ’ Ii V t ’ t S I X  atti I itt ’sI I L i S I , ’ 1 .‘g i s ’ a I 1 v

110111 vi 
~~~~ 

£ h i ii i i i . F~ £ O i l s  l i e  sIl’geitt ’ I ,‘tI I s ’ i) s ’ I lti ’~ ’It C I • s t ’ 1 l v i  I.’ l I t

lii 1 0 I ci t h i t  cmli i III It i t ’ p .‘t I a 1 v s’ I li t ; W a s  oh vi i’ I i’.’d ¼ •
‘ — .~

li,t t ’t ’  it  vi il l s ’, I t’ul W’ II ti ‘ ‘ utg k i~ c i t  w ( i  i I s ’ ~‘lis
iS 1ilt s s i l lS  l i t 0 1 iv.’ .i I 1 s.. ’ i t ’

s i t  i.’d t iOlt i ~‘ ‘,~~‘ l iOt t i vi : 11(t ’ I  l I t  1t ’~’ I it ’l l .111,1 Il it ’ I iV i ’!, S W i’ I t ’ Ii ’ l t L t ’ V5 ’ s! tIl ls!

• ‘~~ .Iflh i lii ’ s! ~~I .‘ S S  Iv ( c i t  . i l ’ t t , ’ tL t i a h i t  1 0 5.  As t i l l  OX I~~ n C Ic i l t  p1 ,‘ s’ ’ .’ si L ’ ,.i~ Ills ’ 1 ,‘ , l v i s ’

III S t  t ’ tt i id ~~~
‘ i gli I c i t  £ lIt ’ Ii v~’ ~‘a S it,’t t ’.l . Fat  I v i i t t  1 h I t  a C I t ’ll :111.1

lIt ’,.’ t Os 15 was  a 1 50 oh v i t ’ 1 %~o,l I, 2 • I lit . vi. ’ s i t ’  s i ’ t v a £ louIs 0 L ’it I ii no.1 .‘a 1 i o u

t t ’ p , ’t I vi i ’’s Nt ’itti Itilt ’ I al iti k’ ,’t s i ’ S ¼ ~~~~ iii t .l~’t’ t t w it iu ’ lt :1a51 ~‘ ,‘ t ’ ll ~ i ~‘ t ’ i t  2 .

,in,1 ~~~~ nt~ , ‘es ,.: c i t  wt i u It ’ phs ’sp hot lit . vi ; t t ’ s ’ lu  I ,‘iut, ’ci~it; lv

h.l t  lis i I sig 10 . 1  1 c lt ;uitgi ’ vi 0 itu Si ’ sI ~‘V wli II .‘ t u b S p lts i i n s  l i t  . t s ’g I ii’ ,.’ I Wi ’ 1

sI usi ~. i’.i t ’v l i sts ’ t i . ui t .’iii t ’ I a 1 . i. 1.~ 
‘
~ . ¼ ht ’ sIs ii~, 5 & 001’ I V  5’d s I ti g 1.’ s ;. ’ S t ’ vi c i t  ti .

nug k~ c i t  wit l It ’ iutis us ~lt01 ti V 1.1 i i i . ’ v i .  I Ott  It ’ . A pat 1 It 0111 lIt ,’ ,.‘it,’ .11 L ’ i t i t s l

l i t ’ ,.‘ i’ l l t  t a t  V t ’ Ill W it l i t  v i l u s iwt ’s I t a t  Ii’ uuu t ’ t  ;ll iis ’i plicivi 1, ’ , , iii ’ i’ I O s i s  s’uts ’ suitlpa viss ’sL

I lit’ wits ’ t t ~ .‘t  I lit ’ ht’p~lt I’, ~‘,lt t’lis’ t i ’s itt .I I C I s  v i i i’ . A t  U. 2 ~tig , i’ ~ I ltt ’ I & i’s ’ 1 W’ .i vi

tOLil,’ I I hag Is’ nfl,! 0 s ’11 vici Ii Lia I ~ si s. ’ I  I It I ti C I V V Is Ii.’ I ~t t It ’ll , s ’ S pt ’ . I t I  ¼ 1., tI I s ing C is ’

pi’I i1uhit ’i V c it  Ill. ’ lotuit los .

A5 ’c iden l .1 t IL Ig I ’ s t  i t ’ll c i t  I .‘ti go tli t ioltlit vi c i t  t . i t 
~‘
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p cit as it ium) lt’ve lit 72 luciti i’s pos t  — I i,’atntt’nI c o u i’c spott i.it’J tc i  t hue s’llstuigt’ it
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Curreri et al. is54) reviewed the c l i n i c a l  records o f  111 pa t i en t s ,

mostly with burns due to wluit e pluospttorus , wh o were admitted to the U.S.

institute cit Surg ical Research. ‘l’hey noted a high incidence of residual

ocular damage and suggested requirements for successiul systemic and

local wound care . No toxicolog ical data were evaluated.

Osseous System. Schautz (S5) reported a case of bone necrosis ot the

teet of a ib—y car—old womatt vito suttered acute ph osph orus burns while

a t t e mp t i n g  to  ex t i n g u i sh a t in t ’ after an ai r  raid in Gerniany during W o r l d

ii’j r 11.

9. Cy to l o~~ic attd cytogt’uet  t o  L i  t t ’ c t s

Nuclear Aberrat ions, in l i v e r s  o f  gu i nea pigs poisoned with white

ph osp horus is0 .7~ ntg given so) Bueding and Ladew ig ( i b)  observed f a t t y

i nfiltration , swe llitug of tnt ’ nuclei , vacuolation and , in the termina l

stages cit  the poisonit ig , diffuse nuclear destructions with no evidence of

regeneration .

In livers of human who had died after ingesting a large dose of rat

paste , some firecrackers , heads 01 match sticks , etc., the hopatic cells

showed irregular nuclear memb ranes , hyperchromasia , shrunken nuclei ,

pyknosis , karyorrhexis and delayed mi tosis (51).

Chromosoma l Abberations. No reports were found on th e cytogene t ic

effects of acute phosphorus tor intoxication in experimental animals or

humans.

10. Molecular Effects

Talley cit al. (21) stud ied the biochemical effect cit elemental

phosphorus on rat myocardium (no other data g iv en)  by evaluating amino

ac id incorporation into soluble tnyocardial proteins and actinomyosins.

‘t heir data indicated that phosp h orus si gn i t i c an t ly depresses protein

synthesis in the myocardium of treated rats.
I
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Anothe r group of female rats (number not given) was dosed with

radioac tive for 5 consecutive days (0.3 mg/kg/day). The

radioac t ivity in the tissue s 24 hours after the last dose was compared

wi th the ac t ivi ty in the tissue 24 hours after a single dose, ‘l’he

t issues of the rats whicti had received S doses contained 4.1 to 10.5

times higher radioactivity than those wh ich had received a single dose ,

indica t ing an accumula t ion of rad ioac t iv i ty in all tissues(7).

The intestina l absorption and distribution of in different

t iss ues of rats intoxica ted wi th whi te phosp horus was studied by Choshial

et al. (37). The animals received 7.5 mg/kg of tile toxicant mixed withi

10 uCi of 32~~, by gas tr ic in tuba t ion , and were killed at various time s

rang ing from 0.5—10 hours post—treatment. ‘l’he results indicated that

phosphor us is rap id ly  ab sorbed and is pr inc ip a l l y incorporated into the

liver where it reaches a maximum (09—73% of the given dose) within 2—3

hours . At the t ime of maximum hepatic incorporation the percentages of

the given dose recovered from the blood (12%), kid ney ( 4% )  sp leen (0.4%),

panc reas (0.4%) and brain (0.392) were signi ficantly lower than the liver

(b5%) (p 0.001 for all comparisons ). At 3 hours the percentages of

incorporation in all these organs were similar to those found in 2

hours. The subcellular incorporation determined at the point of maximum

hepatic incorporation showed that 54% of the total hepatic isotope was 
-

‘

present in the supernatant traction and the rest was a lmost equall y

distribu ted between the other subcellular fractions.
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No data were found on the acute effects o whlite phosphorus on human

immunolog ic system.

4. Central Nervous System (CNS) ~.fiects

Ferraro et al. o il) described patitolog ical changes which occurred in

the brains 01 l~ rabbits whu icht received iv injections of 1% white

phosphorus ill oil tw ice  and thr ice a week. The animals were killed at

d if f e re n t  t imes ( i—lu  weeks )  during the exp eriment and the brain examined

for patholog ic alterations. Significant decrease was observed in the

number of ganglion cells in the cerebellum and the inferior olives. The

nerve cells iii the striate areas appeared to have undergone more

pronounced changes than in th e cortex , and the nerve ce l l s  of the

inferior olive showed more severe effects than the cells of any other

part of the brain. A gradual necrobiosis of the nerve cells was observed

in the gray matter. Vascular disturbances (swollen endothelial cells of

blood vessels , occ l usion , inflammation etc.) were seen throughout the

bra irt. Occasionall y perivascular infIltration was also observed. The

g lia showed tIle feature of hyperp lasia generall y coexisting with

Iiypertrophic changes.

Ferraro noted that in the lesions of the nerve cells due to

phosphorus , fatty degeneration does not seem to p lay an important role.

In fac t , his study showed that fatty substances were detected rare ly and

only in small amounts within the nerve cells , whereas they ini,iltrated

abundantl y th” choroid p lexi and tIle cells of the viscera (live r , lung,

and kidney),

This dissociation ot behavior , as far as fatty metamorpho sis is
concerned , between nervous tissue and the other parenchyntata remains a

singular feature . ‘the results of histolog ic studies  on the CNS i n
experimeittal poisoning are not uniform. ln the rabbit thtere is an

initial stage of proliferation of the small blood vessels (speciall y tlte

striatum) and a second stage of diffused encep halitic changes. ‘l’huese

changes were regarded as secondary to the effec t of phosphorus on the

I
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Rabb i ts (8 att imals) rCCs’iV i t lg smal l  da il y doses at  pltosp hto rus ( 0 . 7)

mg/k g ) wer e sub ju’c t e d to a m ou tt i ca t io l t  a t  t ile d e x t r o s e  t o l e r a n c e  t e s t

t ,’ l lowed by an in jec t ion  at ep ine pitrine . Blood sugar curves to l lowing

t itese procedures and determination at liver g lycogen b e t o r e  and alter tite

m oditted dextrose tolerance t e s t  were made. ‘l’he tirst j unctiona l

deticiet ’ucy 01 the liver to appear was a failure on the part ot this organ

to m a in t a  ill  the norma l blood sugar 1ev~ 1. Later  a pi’ogI’u’ss ive dec rease

in S ugar  t o l e r a n c e  was 1111111 it s,’s ts,’d , wh ich could in part  be exp l a in e d  ~y

lock at p lyoogs’ll ds~’pas it ion in the liver  a l t e r  dex t rose  adtn i n is t r o t  i on ,

watt’r .111(1 insulin. ill t ile Eas t  s tages  c it  po isotv i i t lg  4,a t t e r  titad it ’ied

dex t rose  to lcriince to si~) , blood sugar curves usual lv ended in

llyperg lycs ’tnia. Ep ine pitr inc hvperg lyceniia was Ii rs t  increased , t h e n

decre a sed and f i t iall y aba l is it ed  a l toge the r  in these an imals,  Under t hese

c i r cumstances , t hte observed hypog lyceti t ia wa s exp lained by t ,,,ilure cit

g lycogenol ys i s  to check the downward t rend of t lte blood sugar i l l i t  it t ed

by t h e  stimulus at the Ingestion a t  d e x t r o s e  (41).

Jobling et al. ‘,3, ) determ ined the l iver u’s te rase  ac t i v ity  in 5 dogs

tollow t ng sc injections at 1.0 mill i l i t e r  at phosphorus oil dail y tar 3

days. Liver tissue s show ing fatty degeneration obtained tram pltosp !torus

poisoned an imals showed decreased amounts a t  esterase activit y .

Sirmuonds ~~Th )  also studied tlte esterase activit y in the liver at

phosp horus pa isoned dogs. hoses at 15—2 7 . 5  tug at  phosp horus o i l  were

g iven sc to 4 dogs ove r a 3 — l U  days period . th e  amount ot esterase in

t h e  Liver did not vary to oily groat ox tent t ram t h e  norma l in p hosp h o r u s

treated an imals. However , teeditlg at large a m o u n t s  c i t  s u g a r , w!iiclt

i ttc reases the amount s’ t  glycogen , did inc roast ’ the e t e r a s s ’ a c t i v it y  ill

t ile ’ Itep atic tissue at poisoned animals.

Rabbits with fatty livers caused by white plloSp htorus injections (0.5’~.

twice a week), given s ub c u t a n e o u s l y  I or 5— 3b days , showed ittc rcass’d

g lycogen and cv tochrome—C (3—told i ttc rease over cont i’a ls)  levi’s’ is a lt e r  3

weeks  of  in t o x i c a tio n  ( t b ) .  Nu der poisoning r e s u l t e d  in loss

cv tocltrome—C .‘illu was accompan ied by a lag per iod .
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Rahb i ts  rece iv ittg repated dosOs at 0. ~~~~ w it i t t ’ pL lusp hto r u s LIy stotuactt

itit ubat iat i  (un t i l  t hey  d ied )  showed l iver daitiapt’ w i t il t a t t y

degenerat ion . hiettiorrliagt’ and c e ll u l a r  i t ec r o s i s  were’ .ilso observed (‘/4).

1! is topat ho logic abnormaliti e s in liver parencitym a and rut t ocha t td r  ia were

observed irt rabbits dasea orall y with 1 or i~~ a t  wit its’ phosp horus (in

oil) tar 50 days .  Ilie o v e r a l l  p i c tu re at La tt y  intiltratiat i was muc h

i e ’SS  se’vere than that  obse rved  w i t h  ac u te  uc ises .  I t c  re ’ase  i n  g lvcogen

content was also recorded in alt ima is intoxicat ed w it h  pltosp !torus.

Rabbits recs’iving repeated Li injections) dasos ( 2 . 5 — b . 5  m g/ k g) o whi te

phosp horus showed fatty int i l trati a n and l~~oked cellular ep inep h r i n e ,

while othters receiving repeated ( 3  injections) doses of higher amounts

(2.5—~~.3 mg/kg) showed no tatt y i t t t ih t r a t io n  and were devoid ot

c l tr om a t l tn  reac t ion  (40) .

Kidney . Kidneys from dogs given 0.1 mg/kg 01 wh t i t e  phosp horus tar Sb

days showed ity drop ic degeneratan ( 1 2) .  A nig her dose (1.0 mg,day) tar a

days (sc or per os) resu lted in tatty in t i . l tr a tion and t ub u l a r

degeneration (a ).

Sp leen. ~nIarged sp leens and large amount af hemos iderin were

observed in dogs poisoned over a period at So days wita 0.1 mg,kp at

white phosphorus injec ted sc ( 1 2 ) .

Adrenal. Subcutaneous injec tions at I .b— l0  mgi k g et  5.11 ii ’,’ b) !tasp~)o rus

(in oil) admin is te red  2 or 3 tit ie s induced adrena l i it su t i i ciettcv tu

rabb its (40 ) .

k’aticreas. ‘[he e t t e c  t of wIt its’ pt ta sp harus ott pancreatic utitoc itousi r to

in mice  was studied by S c o t t  (b b ) .  Phosphorus so lu tions  in conce’n—

trations of 0.01.~~—0.05’~ (vol 0.1—0.2 ml ) were injected into white tu iCs’ .

The dosage sc i l s ’dUle lacked ut t iiormi tv • attd doses  w e re  g iven at interva Is

of a day or more (I  or a longer or shor te r  time ) depend itig an the s e v e r i t y

at  t ile react ion . When s u f f i c  tent  t ox i c  it v  was observed , the an it ll als wer e

sacr it iced , the pancreata  were removed , st a  m c d , and examitted

microsco p i c a l ly .  The t indings were t h ose ’ c i t  gradual to gi ’ c i s s

morpholog ical  deformi ty  ot  the mitoc it rondr ia , and ito e x p l a n a t i o n  was p
g iven as to the t’ac tars respons j b l s’ b r  each leve 1 ci i  de tor i nat  ion
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liar , lit Ofls’ s t udy in which 12 rabb i ts  were ittjected iv w i t h  1.~ w it it s ’

phosphorus (in oil) 2—i t imes a week , 2 anittials developed necros is  of  t ile

ear after 4 and 7 weeks of’ treatment , respec t ive ly. ‘lite authors d id  not

g ive any other detai l  ( 7 3 ) .

Osseous System. Involvement of the o s s e o u s  S y s t e m  is c h a r a c t e r i s t i c

of chronic phosphorus poisoning. Most typ ical of this involvement is the

jaw necrosis. However , other changes such as those of tite periosteum ,

and those produced by deposition and resorption of calcium salts leading

eventuall y to bone atrophy ,  have also ueen described . Most experimental

studies have paid special attention to the ossification ot the grow i ng

centers of the bone and the appearance in these bone s ot widened

ep ip hyseal areas. Chemical analysis of titese areas of thickening have

also been made , and an abnormal relationship in tite quantit y of

phosphorus and calcium have been described. ‘l’hree such studies are

described below .

Rabbits (17 animals) and rats (14 animals) were given an 0.b mg

coated pill 01 wh i te phosphorus (rabbits) or phosphorized cod liver oil

containing 0.01 tug % of white phosphorus (rats) dail y ,  for 13— 117 days

(rabbit) or 22—5 7 days ( r a t) .  In t he  diet of 6 rats , wh ite pitosp itorus

was inc reased 4—fo ld  (0.04%) during the last week of tite experiment

(5Oth—57th days). Seventeen rabbits and 14 rats served as cotitrols. A

roentogram of the tibia taken after treatment showed a zone of inc reased

density (the phosphorus band), and there was a reduction in the process

of tubulating of the sha ft . These effects were due to diminished

resorption of the cartilag inous matrix and bone , whic h was probab ly

generalized but most readil y evident only in the titetap hyses , where active

bone resorption was a p rominent teature of the process of norma l

endochondrial bone growth. No roentogenograp hic changes were observed in

the teeth of the treated an imals , but in tite skull phosphorus bands were

present on both side s of the basisp heno’-oc c ip ital and oasis

piaenosphenoidal junctions. The rats that received that additiona l 0.04%

pitosp ktorus d a i l y during the last week of the experiment had a

calciotraumatic line in the labial dention which was absent in t ite g r o u p

wh ich did not receive t itis ex t ra  dose of whi te phosp horus ( 8 4 ) .
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L b  ri’s’ suhis t lills ’ t ’S s l t ows ’J a sit S I I I I  i t . ’ .111(1 501115’ I h Its ’S ttt ,u t kesi I L ls ’ t , ’,j isi ’ I l l  t h i s ’

SO t  tin t t o t  I OW i tip ~ItciS Pito I’iI S psi 1$ O tt 1tt ~~~. h i s ’ ii i’ 111 . 1 1  V ii i t  I’ s ) gs ’ tt ~
i : it I i t  toll

hot Wt’ s ’U I itt’ u r t ’n , :ltl ttt iolt i a :t itsi am i no lic si ll w:i II 11cC a I w,iv is t i t  s I  iirbs ’sl . l b s

ukivi t itupot’ taut cltattgs’ ,)t )ss ’ i’vt ’d w as  li lt i lls’ I s’li ss ’ il l :11111 ito t i l t  i’ c ’g el t  . Sug.i

Co i s ’ t ’ .u i t c t ’ was a 1 mmci (,‘sI ee l aitsl I .‘t i t t s l  to  he 111,11 k s ’sl lv dec i e,i se t h . lii

1 )111 )5 i ’ll s It its pci t so i t i ttp • i i  Vt ’ t’ t Sli t s ’ t i ot ia 1 s’ t t a t t g . ’ mm Os ’ s’ ti t ’ t s ’d w i t  lion C

s’Oilt ’slItI l I t  .I I t (  I ’ t ’lt ll 1 s’ttltt t ~~ s’S , lItts I I’ s ’t I . i  1 1 t t i s i I  I t IC is ’lIs,’V i IS;i.i 1 his’ s ) s ’,’ilt’ i s ’sI a t

Li ’ rrni tt~t 1 s ’V i ’u t . 1 nc l’ s ’ as , ’ ,l ni t  i’ o~~s ’ t t s i i l  ~ ~ 
rcisiitc Cs it i I lit ’ h i  ciosl It  ct : i  I

11011—l i t ,‘ts’ itt il i t  t’O~~.’It , 51 1 . 1 *  ,Itts i  .11111 no ill I rcigoui ) Wi ’ i’s’ ItS SOC h~ u It ’d w i t  it 11

,‘ s ’ t t  s ’Spott ( i  tug l Ilt’ 10.15.’ oh t h i s ’ s , ’ stthst:i tt e’~~vi ill t it .~ iii ’ ilk’. ~
‘sltts s ’sjSis ’it t lv,

.iit I Its ’ I t ’ .iis t ’Ll p l O u t ’ LIt c , lC .u1s~ I t inti , ,t s Wi’ I 1 :i:; L’ s~ Illi I i t t i s i t  I t I s ’ 1 s ’ i t s ’\ ’  , I S

Its ’ s’ 085 5 1  V t o  ~ Xp Lu i t t  lit IS  55 ’ s ’ uttts i 1 a t  i ott. A C e ’ tnt i uta 1 as ’ t s Io~ is •

t ’V i detts’ ~sI by l Ilt ’ U s ’S vied liv ti t’5’ t~i’It i sIll 5’ s i l ls ’ S ’ Itt 1 , 1  toi l w.i is a 1 so ,~hi s e t  vs ’ s1

Dogs pci t v i s ’s t ,’d s s i b c u t : t n e ’o it mm Iv w i t  It 0. 1 ultg/ k g s ’ t  w il I t s ’ 1itI~~sp iIsiriis I sit ’

‘n clay s sltciwe’si .i p t Og  t s ’ ,S is  i~ ’ 5 ’ l Ils ’ I  s ’,i$i ’ l i t  c t s ’ . IC I Its ’ .lItsI s’ lillitgs’S i t t  ( i t s ’

0 !  s ’a t I lls ’ (0 0 ~ s ’~ i t  I I I  I l l s ’ 1.1 1 LO S  itt C it . ’ s it ’ lil t’ . l ’ l ls ’S i ’ c lt : i t t ps ’ mm wor e  ~‘ t ’ e s t t i t i t ’~ i

Cs ’ h.’ ,‘ .i i imm ,‘d t )V I 155 S it ’ Ii t’,’a k sIowtt ,t S t ’V 1 s ie ’It t ’ ~tl his t lIt’ I o s i s  III Wi ’ I pIt t  51 1

t i l t ’ S it 1111,1 1 (1 1

1 I.

Nt’ ~~ p o t t  Ii Wi’ I’e’ i si s i ttsi s ilt t h i s ’ 5’ lI t s’ I t t s )~~ t’ it ii.’ t ’ i i  s ’ s t c i t  isu i ii 5’ ii 1 5)11 i s ’ wit t It ’

Pl t0S PI t c iL ’ iIs ~~i) ltt s)tl i ttg Ill t ’X ps ’ I’ l t lIs ’ t l t  ~i1  .iit 111111 lii 5)1 ht i i t I l1 t I tS.

I
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III. CIIRON1C ’i’OXICI’L’Y I Long h’e’r in l i s t s)

1. Hematolog ic ~ t L e c t s

No reports were tound OIl Iteitlats) log ic ci’ [cc ts dit~ to chronie exposure

c C  e x per int on ta 1 :111 ima is to  wit i to  p i t os p ho rus . However , Hughes et ;i 1 .

itiv es t  igate! d 4b itea ht lty utett working in a phosphorus p la nt wi CIt 2~ ltca [City

con t ro l s  ttot expose ’d to pitosp itorus. Exposure vat  ied be twe ’s ’tt I — i l  yea rs

in the phos p t t o r us  grou p . Henio g lob in and total leucocy Ic counts were niade

and no statistically signi ticant dIfferences were touitd between tttc two

groups except (or the pol ymorphonuc l ear  Icuco cy Levi  to lymp hocyte rat io

30:  bl~~) wit jolt was :ib nornia I , No t’xp 1 allot i on was ci to red [‘or t lt is.

ll~ ittian ( 11)  observed leucopenia and anemia and Cu t ’  absence’ ot

tttetitemog lob in in some instances ot chronic exposure .

2. Bone Narrow Citangçs

See s abchronj c stud ies.

3. lnununolog ic Et t e c t s

No data were found on the chronic of  [cc ts c it  wit i t  e pitosp horu s on (Its’

immutto log is’ sy s tettt in ati ima Is ct Itumans

4. Central  Nervous Systeut (CNS) E t t t ’ c t s

A It bought t itere IS nvo lvi’mettt ot t I l t ’ CNS in  acute  pt tosp itot’ e is

I utox i cat  ion Cite re is no s ’v i dence t itat  citron ic phlosp ltorsiS exposur s’ in

humans p roduces  t ’ f t e ’ c t s  ott Lb is systetu (11).

5. Behavioral  E t t ’e c t s

No data were tound on the ci t ron is’ e i l s’s ’ Is el  wit it e pttosp ltou’us on h it ’

b t’It av i or cii e x per ittt ~~nt a I an itna lvi  or htutuatts

p
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I .  ta l d i s iv a i s o t u l a t ’  LI tt ’cls

No slat  a we re’ I ouuid ott tin’ cit roit is’ s ’ t los’ Is o I wIt ito pitosp htorus olt t itc

s’ arc h 1 siv avi cti 1,11 ’ vi) ’ $10111 l It 5’ x pe’r iitIeuta I .tt t ittta lvi

/ . B i o c i t s ’ t t t i c a [  :11151 l li st oci leut icnl Li t s ’c t s

B hood . IlIl g its ’s e’t 5 1 . (90) t live’ s t Lga t s’sl 15 ii,’:u It Ity ttteu work ing itt a

pitospltsirus p lant and ‘ 1 itea 1 thy cot it  ro is who We re tlot exposed to

pitosp tlou’shs . Du u’a I i ot t o t expos U rt ’ va r  i t’si b&’ C w ey e’It 1 — 1 7  yea  i’s ~ It t his’

pltos phisiru vi g rs)Up . l)s ’ C , ’ rtit 1 nut 10115 Wt ! l’ s’ Ill(lds’ on inorgai’u is’ ithos piioru is

:1 lka 11, 115’ pitosp hiorus , ca IC ist t t t  Snsl Iiuagt ts ’ s su tti love is u t  t it s ’ p Iastlta . No

d i f  I ers ’l t cs ’ was’ ohiss’ t’vs ’d in aity cii I Its’ vi e’ pai’ante Is ’ r s be tWt? e’ti Lit,’ t’X ps)St’d

at id cot i t  L’S) 1 
~ FOUI) 5

Itt JUt ) I ite’ i’ study , 1 Its’ 1 evs ’ Is s)t pot 1155 i 11111 ~IIisI cit lot  isle ’ Wet t ’ It i pit u t i

~ rottps s ’ XpOS s’sl to wit its’ pttos pt torus in s’o nt pat I 5s) It 3 ,s  lIOII t ’ X p s ’ S e ’ sl wor ks ’ i’s

( I i ) .

S. E t t e ’ct  ott body Wt’ t~~iit, Or,~,,ius’ a t ts l T i ssues

Body We i git I . ‘lit ill y — two rats ( 22 y citIng C 011111 it’ hlhl t tt a C u  i’ s’ ma Is ’vi ) 5,’ ,’ 10

1idmi n is It’ red 0.003— 0.01 1 tug/kg/day o h wit ito  plto sp ito ruvi it t C its’ ii’ t t ’ s’sI s ’v s ’ I

a p t’r i od oh 5 —1) t i t o tt i  its (91 ) . ‘l’it~ Ii I piles I sIt’s.’ (0 .07 1  lU~ ) pr  ciduc t’d 111111’ k5’51

attd prop L’ s ’ i ss  Vt ’ sit ’ t is’ i i,tlc)’ ci I g UOW ill ss ’ I 1111 C C hit,’ C I’ s ’a It’d St i 111111 1 is , :iI t Ito

t ’tisl cit ilti ’ s’xper inls’nt , we i gbs’d onl y li~ 11 as tuucit as s’ t) Itt l’ s) Is, W i t  ltsI t’ .t~~1i I

ot po ison  t rom toosl slid 1101 t s’su It  in I’s’s’ovei’ y hut utt’t ’o Iv c’his ’ckt’d Ills ’

r a t s ’ o f  we i gh t  los’s. At l ower doss ’s (0.1)18 :II1sI 0 .0 0 3 2  mg ’) t itt’ we Ig ht

loss was  ss)mi’w lta t It’ss ( ab out 1 SZ ) and zlppart ’ itt t)t l ly a I t s ’  r I”  W(’ t’k vi

litese’ ra ts  tt~~t, on Iv i’t’(’ O V s ’ t~~d out w it l id  rawz i I oh I lit ’ C ox i s’ant (0.00 1 h rug

but h,’s’ ciitis’ cons isic rab l y htt’av is’ r titan ccit t Li ’s) Is . ‘h i ts ’ an I itot’ sugge’ st s’s1 tt t:t L

t II I S c OIl Id b~ a c linti i In t i vi’ Lox is’ s’ i t t ’ s’ I

in ,ittotits ’ i’ sI  susly ra bb i t  ii g ivs ’n 0.t i  nt p/k g/d:lv s’t W i l l I s ’ pltcispiicit ’tis [c i t

I l l  51.iv s vi ltciwi’sl .111 c iv t ’  t’ a i i  resins’ t sil l i t t  we I pIt I pa t i t  .i is C ompa i s’si w i t  It

cc i t t  i’ o i s  ( h .,) ,  p
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Liver. Rabbits and guinea p igs (85 animals) administered 0.b—l.LJ

mg / k g/ day ot whi te phosphorus in sweet a lmond oil orall y f o r  3 mon ths

showed definite liver cirrhosis. The induced changes were often

complicated by ascites and jaundice. Phosp itoral induced injury was

direc ted to stromal fibroblasts , espec iall y around the portal vessel and

parencityma l cells throug hout. tu e liver. Destruction of the fibroblast

was f o l lowed by regeneration , as ev i d enced by presence of occasiona l

mitotic fi gures and by fib rosis whic it was peripo rtai initially, but soon

extended irregularly into the lobes. At the higher dose (1.0 mg/kg/day),

the p rocesses of destruction and regeneration were accelerated , while at

the lower dose (0.33 mg/kg/day) they were retarded. The shortest time

required to produce t ktese changes was 4 months (92).

Hepatic parench ynta l destruction was observed in 51 guinea pigs given

0.75 mg/kg ot wh ite phosphorus orall y ,  4 days a week or 1.5 mg/kg, twic e

a week for a tota l of 35 weeks. Two to four animals were killed at

regular intervals during the experiment , and the liver examined for
C ab normalities. After 9 weeks of treatment , all liver samples examined

showed focal loss of parenchyma l substance which extended to surrounding

lobes (pre— cirrahotic stage) as tite period of testing advanced. Failure

to produce clear—cut portal cirrhosis seemed to be due to inconsistent

and minimal degree of peri portal cirrhosis (93, 48). Oilier abnormalities

included increased amounts 01 collagens , fibrosis , fatty degeneration ,

proliteration of bile ducts , and ltya iinizat ion of cs’ll cy top lasm.

Altitoug h t h e  t yp ical damage in acute phosphorus poisoni ng is severe

damage to the live r with its attendant fatty infiltration , in chronic

poisoning in humans , no d e f i n i t e  liver disease has been described.

Osseous System. For effects on growth oh’ tong bones in experimental

an imals see Subchronic eflects.

I
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In itumatts t h e  most typ ical invo lvemettt of t h e  osseous s y s t e m  is Cu e’

“ phossy j  .iws ” (11 ) , or tIes’ roy is ci t h e jaw scott antottg wsn’ke rs in ma Ccit

I ac tor i ’ s .  ‘iIte ii i’sI change in the bone s is a genera l izs’d l t yp e ro s t s ) s i s .

‘l’lte p r o c e s s  s t a r t s  with t lte shs ’position of calcium followed by its

resorption leading eventuall y to bone a t r o p h y .  As a result of those

c hanges , L ute boites become br itt 1~ and f r a c t u r e’ ‘as i ly ( chroi tis’

slSte Otuys’ l i t  i s ) .  ‘l iters’ is ossil Icat ioit ot  t hte growiup s’s’ i t t s ’ r s  o f  t I le hone ’

att d I he appearance in theist’ bones 01 a widettt’d op i pity sea l attd

sub ’p i phy seal areas. ‘ibs’ s’ t t ec  I ci c i t ron ic pitosp horus exposurs’ Oil C ite

jaw boucs produc iug 11CC ros is is w e’ 11 docutttt ’t t ted itt humans (4 , 90 ,
9s e— 9 b ) .  ‘the onset of t h e  ne c ros i s  a l t e r  f i r s t  ex posur e ’ is sa i d  to bo nit

average of 5 years. however Lit is is qu es i i s )na i ) le , s i nce  to .‘s t ah  I isit  tin’

date’ s it  “ ons et ” is i t s e l f  u s u a l l y  d il l  i cult .

9. Cy to 1o~jc atid Cytogene t ic E f f e c t s

No data were Iouttd on the chtro n ic o t t e c  ts c it  wit i ts ’  phosp h orus on i t t

v ivo or in v i t r o  nuc Ic i .ind cit rotttosoins”s c it  .‘ xps’ r itue t lta 1 an itit a Is or ltuttt atis

10. The Moiecs i m r  E f f e c t s

No data were found ott h is’ long term o t t  cc Is c it  wit its’ phosp horus ott

DNA , KNA and prote in synt htos is in s’xps’r jrns’ti t Ii I ati intzt Is cii’ hut tta ns

11. Emb ryon ic and ‘l’oi’alogenic E t t e c t s

No reports were I s)uttd ott t Its ’ c it roit Ic s ’ f t i’ s’ C s  s i t  whit Is’ piis~sp ttorus ott

i’ s ’ p ro duc t  iou , emb ry sige ’tl e’ S 15 and to ra t  oge’tts ’ vi i s  i t t  s ’ x p t ’r itu s’ nt II 1 att 1 tit a is  o r

Ilunians.

12 . Metabolism

in humans wit i t t ’ ph o s phorus ivi s ’xc rs ’ t i ’ si s ’ s s e t t t  t a t  lv ,us organ  is’ 111151

i nor gan k phos pita Is’s . lit s igtt i t Ic .1111 .Intoutt 1 s t~i,i~ ’ h.’ t’xhia 1 s’d lit t h i s ’ C) rs’lut ii

and swell t or ,~xc re’ It ’d in t he’ I I’s ’ s ’ s  91 ) . Ui’ 1 t~ ,i 1’ v s ’ i l a t t p s ’ S i lls ’ 1 t ide
p
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s Is’vj  C ion sIt ztuiuott Ia it it rogolt at t i ts’ expense’ of  urea it it roge’tt , inc roast’sI

s ’x t d iz e d  su I t su i’ Csi t t hs ’t t t  at ts l II i b i u t t u i t t u r  ia ( i i) .  OIlier compt iutids wit it’it tna~ ’

appi’a r i tt  I Ito cur ills ’ .ii 0 ace’ I c ite , sit act ’ t i c ac id , 1 t’uc Its’ , zitid C y t’os i ns ’

1 3 . ~~~~ inogett is’ i ty

W ! t it s’ pits)S pits)rus sloe’ S Its) t zippea i’ 1st be II C a r c  i Itogt ’n in s’xps ’ i’ lut o it C a  I

att tuil u ls . So I Inuan C91  ) exposesl 32 rats (botit sexes) Co 0.00 17 0 . 0 7 2  t ug / k g

lv lot -+ it t o tt t h is .  ‘tile t s)x t cant was itt i xs’d wit hi t Ite toosl . At I ws’s’k is

1 3 lOt im1t is were a liV e ’ and no C umors us’ rs ’ C cu ttsl

S m u  I .ir ly Ft’ lttt i up e’t a 1. (99) ztdttt i tt istered 1 . b ti tg / k g,’ d,iv o f  wit l It ’

j i t ts )S phorus i it pe ’ati u C ci ii Cci  rats itt C its’ i r si i et I or 511 51a v is and s ibse ’ rved

it o t umors at  Cite ’ ~ tt s i  s ’i t  t u e  Ox p s ’i ’ itus’t lt a I pot ’ is’td

Subc ut atlt’oil S i t l J , ’C C istfl ci wit i t s ’ pit s)spltorus 111Cc ratS at 0.05—3 .1

mg/kg and it ito gu inca p i g s  lit 0 . 1 — 1  . u tug ! k g in c i i i  vs’ c i i i  or po at t i t  t c i i i  I

j uts’s wt’s’k lv  i c i t’ nts’ire than ö 1 , .‘u’,’ is d i sI ttot p roslucs’ C sittto i’s in C hi~~ss’

animals (99).

Ns’ ro ports we rs’ I outtd on it un t alt ca t ’ c i tt s )ge ’t t  ~~ it v l’ s’ l~tt i up to cit ron is’

j ’~ ’ s u5p 1torUS t’xhioss l t’5~.
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Ills’ ~‘ s ’ s  I ‘ itown aIlst 1115 ’ s I  c ciflttltt’t t  V l it i~~ t V c i t  iss ’ I i’,l e’ 1 ellit ’ ~ C a I p it c i s  1 ’ hci i t s

t r~ .11 i’i t
~ l w t i  I t s ’ li l ies 1ui t ~ ” i t i  i s .  I t  i s , ’i I s~’ C ii~ ’ t o t  Itt c i t  ~, t ‘ ‘ : l t i ’ s C s’ s ’tttflt~’ t C t .1

1 I O I ’c i t t  ,t t t , ’ i’ , t i ’ S O !  I I t cii’ t i  t it,’~t h v  t t t ~’ ,‘ott sis ’i tsat i en c i i  ~‘it s
is
~~

it , s t  , I 5

v ’ i~’,’t 10 .1 ii qti t d :ittd li t, ’ It  ,u I I ow i ti p th is ’ I ’ t &  01’ (c i  Si ’ l Id  i i  V it it iti ’ i ha tot

Wit t t o  ~‘itospi tcrtls . witt ’tt pu t o, is a ,‘ci i ci t Is ’ s s  wax ’, ’ s~’ 1 u I  mi’ i t  t it at

‘ . 4  . 1 C c i  .4 C I 5’it 1 11 shil l si.  A s a so I t  ~f , it ,ta i~ t ’ t t s  ~ltt ’tt s ’x h’ s ’sesi t o  i t p u 1

attsi ~ lOWS ill I its ’ , t , i i it ~‘t i , ’s ‘h5 ’ I s ’s  ,‘ t ’ s , ‘ ‘itt I l l  t t t s ~ a ra  Is ’ s~ t s ’Cc i  u ~‘h It  pitt

t, 100 , ii I

ciumts’t ~
‘ t a I wit t Ii’ pitcis pitcit~~i is t S • ‘I ,~ ‘ , w i I It C i ts ’ ltt ,l 1 ~ l t ltt~~u t I t s ’ is

Iii ’ 1 It s ~ a t ’ S s ’ll t C  :tit ,j t t a c e s  e t l tvd i , ’,’ :tt I’cit t is . (‘5”ntme u ~ t a t  wit  t ( r~tt uSlihs l us

1,1 is a s i t  ,~it I ‘,• s ’ 1 iciw cc i  lot :111,1 1115’ 11 5 I s ’ a sI u,iS, ’ • c c i  lc i i s’d I t qu t s i .  l i i i ’

vi’ I t  cii. c~ ’ I ci t is p t ci Sil t ul ti l Iv s lits ’ t o  1 a,’ s ’s ci t r s’j p to is ph ci t  i t s  • wit t ~ it is C is ’

,‘( hot : i I  I~~it i O p t s ’ tot iii tat ’  tug s’ s ” ll~Us ’ t ’ s’ ta  I tuip5 ’t t  :111,0. 100 , I0l ’
~

l’hu s’ 1’hv st ca I p i’s”pel’ t i s ’S  c it  .‘ — w t t  t to p i t~’sp Ct~’u iis at~ ’ isliut t ul it t s ’d t t ,th’ it ’

I



t a b le  1

PhiYs ICAL i’ROPER’I’ l ES OF a—W i l l  l’E k’HOSt ’IIORUS ( IOU)

A ppearattco : color less to ye 1 low , waxy se list

Mt’ lt it tg  p o t n t  : 44 .1 °C

bo iling p5)11th :

C r y s t a l  s t r s i c t u r t ’ :  c u b i c

Detts it v: 1 . S2~ g,

Aut o  ig t t  i t  i on totnper .t t u n ’  : J O C  t O  fli t~ ist a it’ , it i gtts’r itt dry air

Cr it ~ca 1 t e m p e r a t u r e s :  & 9 5 °C

Cr i t i ca l  pressure : 52.1 ahtn os p i t e t ’ t ’s

Index of rs’ I x ’ac Ii on: I . bI~+~ tot  U ii no at 19 .1°C

Hell t of Fus ioit : uOO + 3 ca l  / mci Ic P , a t  317  .1

heat capac i t y :  at 25 CC 21 .1 b Ca 1/mo lo/dcgrs’s’

at  -+4 .1 °C = 11.7i c a l / m o u s ’/ d e ’grs’s’

Ssth lintat [ sl it 1” rcss ui’o ¼ nttti) : 0.U. ’~” t a t  20°C), o.U’+ i t,:ut Is
ciC)

0.0/1 t a t  iO°C), 0.089 t a t
5)0.1.,. t a t  .40 t’ )

V .tpor presslite’ : I ti~n 11g at 7o .~~°i;

l ion t of  sub 1 ittiat t et i : 13.4 KL’ :ul /ms) Ic 1’
.4

flea C c i  contbu s t  ion : 1 10 .2  + 1 .0 Kca 1/ mole I’ ,
.4

Sci l sih i l i t ~ ’: Cold w I l Ie r  : Alm os t  inss iluble’

Hot water : Sli gh t  ly soluble

Ab so litte alcch t s ” l 2 .5  gIl

Ether : 10 g/ l

Cit Icit’s )fo rm : 15 p / I

bous’ZCfls’ : 2 8. ’ g / l

carbo n  d isu It isle : 1150 p / i

I
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Wit ito  pits is pit cir si s is :“v ta r  C iii’ titcisI I t ’ac  C I V t ’ tsit ’ tti ,‘ 1 p lts ’sp it oi’ iis . I l ls ’

fits) s I i litp s)t ,i tt t t s ~ ,i,’ t i ott ci t s ’ 1 s’u tus ’t t  I 1 1iitsis j ) i ls ’t itS  iS OX t slat i ott. ~ii t i i ci

P h cispho r u s  itt ui st  b5 ’ s I  cii’ s ’ ,j t,ittds’ t’ wa Is’t  Is ’ p t o  Is ’ C C it I tciltt .1 i t  Wi ts ’ tO It

i t t  t lautes spottt , l t ts ’s iU S 1’ ,’ . t,s inthu st  i s~it i t t  ax  i’ p rodiu ce ’s :1 ste l lv is’ wit i Cs ’ St its ike ’
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RED PHOSPHORUS TOXICITY

System Acute Treatment Subchronic Treatment Chronic Treatment
or (including in (short term tests; (long term tests; up to

Effect vitro tests3” up to 90 days) 2 years or lifetime)

1. Hematologic o Leucopenia o None Reported. o None Reported.
Effec ts (rabbit) (9).

Decreased
erythrocyte
counts (rabbi t)
(9).

o Human None
Reported.

2. Bone Marrow o None Reported . o None Reported. o None Reported .

Changes

3. Immunologic o None Reported . o None Reported.  o None Reported .
Effec ts

4. Central o Loss of appetite o None Reported . o None Reported.
Nervous System (rabbit) (9).
(CNS) Effects o Human None

Reported.

5. Behavioral o See CNS effec ts. o None Reported. o None Reported.

E f f e c t s

6. Cardiovascular o None Reported . o None Reported. o None Reported.
Effects

7. Biochemical and o None Reported . o None Reported . o None Reported .

Histochemical
Effec ts

/ I
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RED PHOSPHORUS TOXICITY

bchronic Treatment Chronic Treatment Predictive Tests
hort term tests; (long term tests; up to Endpoints Recommended
to 90 days) 2 years or lifetime)

None Reported. o None Reported . None None

None Reported.  o None Repor ted .  None None

None Reported . o None Reported. None None

None Reported . o None Reported. None None

None Reported . o None Reported. None None

None Reported. o None Reported. None None

None Reported. o None Reported. None None

I
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RED PHOSPHORUS TOXiCITY (coNT ’D)

System Acu te Treatment Subchronic Treatment Chronic Treatment
or (including in (short term tests; (long term tests; up to

Effec t vitro tests) up to 90 days) 2 years  or l i f e t i m e )

8. Body Weight, o Body Weight No o None Reported. o None Reported.
Tissue s and e f f e c t ( 9 ) .
Organs o Liver extensive o None Reported.

f a t t y
degeneration
( rabbi t)  (9 ) .

o Kidney f a t t y  o None Reported . Kidne1 parench ymatous
Degenerative and i n t e r s t i t i a l
changes (r abb i t)  neph ri ti s  (9) .
(9).

o Spleen o None Reported . o None Reported .
hyperpla s ia
( rabbit)  (9 ) .

o Genital Organs o None Reported.  o None Reported.
hyperplast  ic
changes in
ovaries and
testes (rabb i t)
(9).

o Sk in None o None Reported . o Skin desquamation
Reported.

o Brain nerve cell
degeneration
(rabbit) (9).

o Osseous System o Osseous System (human)
None Reported . Osteomyel i t i s  of

mandible ques t ionable
( 11) .

9. Cytologic and o None Reported. o None Reported. o None Reported.
Cytogene t ic
E f f e c t s
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RED PHOSPHORUS TOXICITY ( cowr ’D)

ionic Treatment Chronic Treatment Predictive Tests
t term tests ;  (long term t es t s ;  up to End points  Recommended
90 days) 2 years or l i f e t i m e)

~e Reported.  o None Reported.

o None Reported.

ie Reported.  Kidney parench yma tous 1. Kidney 1. H i s t o l o g y — k i d n e y
and i n t e r s t i t i a l  degenerat ion
nephr it i s  ( 9 ) .

~e Reported . o None Reported.

ie Reported.  o None Reported.

~e Reported . o Skin desquamation

o Osseous Sys tem (human)
Osteomyelitis of
mandible questionable
( 11) .

~ Reported. o None Reported. None None

I

2
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RED PHOSPHORUS TOXICITY (cONT ’D)

System Acute Treatment Subchronic Treatment Chronic Treatment
or (inc luding in (short  term tes ts;  (long term tes t s;  up to

Effect vitro tests) up to 90 days) 2 years or lifetime)

10. Molecular o None Reported. o None Reported. o None Reported.
E f f e c t s

11. Embryonic and o None Reported . o None Reported . o None Repor ted .
Teratogenic
E f f e c t s

12. Metabolism o Red phosphorus o None Reported . o None Reported .
vapors are
rap idly absorbed
through the
respiratory and
digestive t racts .
No other
information was
g iven. ( 10)

13. Carcinogenicity o None Reported. o None Reported. o None Reported.

/
3 
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RED PHOSPHORUS TOXICITY (CONT ’D)

nic Treatment Chronic Treatment Predictive Tests
term tests; (long term tests; up to Endpoints Recommended
0 days) 2 years or lifetime)

Reported. o None Reported. None None

Reported . o None Reported. None None

Reported . o None Reported. None None

Reported. o None Reported . None None

‘7 I

I.
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WHITE PHOSPHORUS TOXICITY - MATRIX

System Acute Treatment Subchronic Treatment Chronic Treatment
or ( inc lud ing  in (short  term t e s t s ;  ( long  term tes t s ;  up to

E f f e c t  v i t r o  t e s t s)  up to 90 days)  2 years  or l i f e t ime )

1.. Hematolog ic o Leucopenia and o Leucopenia and anemi
E f f e c t s  neutropenia  (human ) ( 11) .

(human) (2 ,
12 , 13) .

o Leucocytosis o Leucocyte count .
(human) (2 , 14 ) .  (human),

o Increased o Increased monocytes insignificant
monocytes ( 14) .  (65 , 66) .  d i f f e r e n c e  between

exposed ( 1—17  years)
and nonexposed
workers , but

o Ery throcy tos i s  o Decreased pol ynumorphonuclear -

(human ) (2 ) .  e ry throcytes  (dog)  to lymphocyte  r a t io
( 12 , 66) .  was a f f e c t e d  (90) .
Tes ts in rabbi t
inconclusive
(67 , 68) .

o Decreased f rag ili ty
of erythrocytes
(68) .

o Decreased hemog lobin o Absence of
(dogs ) (12 , 66) .  methhemog lobin ( 11) .
Tests in rabbi t s
inconclusive (67 ,
68) .

o Decreased o Decreased f ibr inogen
fibrinogen (uncoagulable blood)
(uncoagulable ( 15 , 69 ) .
blood) ( 15) .

o Hemo lysis  o Agg lu t ina t i on
(human) (16) .  (r a b b i t)  (6 7 ) .

I
4
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WHITE PHOSPHORUS TOXICITY — MATRIX

ic Treatment  Chronic  Trea tment  P r e d i c t i v e  Tests
erm t e s t s ;  ( l o n g  te rm t e s t s ;  up to End po in t s  Recommended

days)  2 years  or l i f e t ime )

o Leucopenia  and anemia 1. Leucopenia I .  In v i t r o
(human )  ( 1 1) .  cytotoxicity

tests
2. Comp lete  RBC ,

o Leucocyte coun t .  d i f f e r e n t i a l ,
(human), hematocrit

ased monocytes insi g n i f i c a nt
66). diffe rence between

exposed (1—17 years)
and nonexposed
worker s, but

ased pol ynumorphonuclear
rocy tes (dog) to lymphocy te ra t io
66) .  was a f f e c t e d  (90) .

in rabbi t
clus ive
68).
ased frag ility
ythrocytes

ased hemoglobin o Absence of
) ( 12 , 66) .  methhemog lobin ( 1 1) .

in r abb i t s
clusive (67 ,

ased f ib r inogen
agulable blood )
9).

t i nat ion
i t)  (6 7 ) .

I .
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WHITE PHOSPHORUS TOXICITY - MATRIX (cON’r’D)

System Acute Treatment Subchronic Treatment Chronic Treatment
or (including in (short term tests; (long term tests; up to

Effect vitro tests) up to 90 days) 2 years or lifetime)

2. Bone Marrow o None Reported. o Changes a f f e c t e d  o Same as subchronic .
Changes direc tly by ac t ion

on bone marrow
elements causing
hyperemia and degene-
ration (70) and
indirect ly b y
encroachment upon
medu l lary canal
con taining the
hematopoietic system
( 11) or through
septic absorption
f rom jaw bone
necrosis ( 11) .

3. Immunologic o None Reported. o Decreased antibody o None Reported.
Effects production (67).

4. Central Nervous o The Standard o None Reported using o None Observed (11).
System (CNS) Phosphorus Burn SWPB .
E f f e c t s  ( SWPB) White

produced
shivering ,
twitching , loss
of appet i te ,
poor response
to stimulation
and depression
(rabbit) (17).

I
5
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E PHOSPHORUS TOXICITY - MATRIX (C0NT ’D)

~ic Treatment Chronic Treatment Predictive Tests
term tests; (long term tests; up to Endpoin ts Recommended
D days)  2 years or l i f et ime)

ges affected o Same as subcbronic . 1. Jawbone 1. Histological

~~~~ by ac t ion  necros is  s tud y
one marr ow
mts causing

~emia and degene—
,it (70 )  and

~ectly by
~achinent upon
Liary canal
lining the

~opoietic  sys tem
or through

Ic absorpt ion
jaw bone

~sis (11).

lased antibod y o None Reported.
lCtiOfl (67).

Reported using o None Observed (11). 1. Neuronal 1. Neuroblastoma
damage cytotoxicity test

2. Glioma 2. Glioma
damage cy totoxic i ty tes t

/
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W ill ‘~E l’IIOSl’IIORLtS ‘l’OX I 1 ‘l’Y — MA°I’ R I X ( (‘ONT ‘ I))

Sy~4t out Act i  E s ’ ‘V r s ’ t t t i i s ’ i t t  Stlbt ’hi t ’ s ’ li i s ’ ‘l’ I s ’ ;l t flts ’it t (it l’Oll i s. ‘l’i’t’8 I Itts ’f lt
sIF (~ fli.’ 1~isl ug in ( S11t ) l ’ t  t Ol ’ lfl t .‘ s t  s ; ( I  ~~iig I ~ rm I o’; t s up to

v i t r o  Lo s t  s~ up to  90 tl:iys) ~ vc :irs ot’ Ii l ot  into ’)

4 .  Cci t t  l’ :i I Ns’rVsit is Si D llll8)~s ’ t o  0 Sflflts’ :15 :ls ’ l i t  s ’ it t nti i s ’s si Non s ’ ()liss ’i’vs ’sl ( 1 I ) .
Sv~ Es ’itt (CNS) iu i slbt ’:i iii 8fls1 (t ’ :ibh it , sIo~’)
Ef f s ’t’t  Iii itdhr:i iit g:tngl i:l (17 ,19 ,7 1 ,72). ,l
( Con E ‘ d) :iiud gI i 8 Cs ’ I I s , Nsiits ’ rs ’pOt’ t s’t I  in

s pOt ’ I I i  t ’ :t I Iv It t l l l l8 l t5 .

iii l’ r  sit’  ol i V O S

s ’X t  t ’ l ts i Vt ’

stlh:ll’CItf lO i si :tits l
stihicsi rt i ‘ :l 1

lts’iusi r r lt8gs ’ ,
:tl p:lr:t I vs is

:iiutl Itvp s ’rs’nt i :i

( r :ihb i t , slog,
I t u n i n u )  ( ( 8 — 2 0 ) .

Si I’ :ir :istltesis ,
sis’ I 5 ’! 1 11111 , 1C(l t 5’

s ’XC i t  t ’tttt ’f lt

I ) S V S ’ O s  is , ‘.‘siflt:~
(hum.itu) ( 19 , 20)

5 . Rs’lt:tv i sil’ :i I s i Soo CNS ~ f feC I ii s ’s I i t t s ’fli ; i ( i s ’s1 si Nsiiu o Rs ’ps ’si’t s ’d.
E I Is’s’ t S 0 X s ’ it  81 I s ilt :II1SI t

l l t C l ’ o : t s s ’sj 5’t i rt  is ’81 t
s ’x c i t : th i  I i t s ’  (r :tts)

(71). 1
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PHOSPHORUS TOXICITY - MATRIX (CONT’D)

Ic Treatment Chronic Treatment Predictiv e Tests

Irm tests; (long term tests; up to End points Recommended

days) 2 years or lifetime )

is acute studies o None Observed (11).

Lt , dog)

~,71,72).
reported in
I.

l.ified o None Reported. None None

~at ion and
ia sed cortical
‘abi li t y  (r a t s )

I
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WHITE PHOSPHORUS TOXICITY - MATRIX (CONT ’D)

System Acute Treatment Subchronic Treatment Chronic Treatment
or (inc luding in (short term tests; (long term tests; up I

Effect vitro tests) up to 90 days) 2 years or l i f e t ime)

6. Cardiovascular o Electrocardio— o None Reported. o None Reported.
Ef fec ts graph measure-

ments showed
abnormal
Q— Tintervals ,
S—T segment
depression,
T—wave changes ,
brach ycardia ,
low voltage
QRS comp lex ,
ven t r icu la r
arrythmia
(rabbi t , human)
(2 ,14,17 ,20—23).

o Arterial
hypotension
(human) ( 14) .

7. Biochemical and o Blood o Blood (experimental o Blood (experimenta ’

Histochemical (experimental animals) animals).
E f f e c t s  animals)  None Repor ted .

Elevated serum Elevated a—g lobin
phosphor us (74 ,75), nonpro tein
( 17 ,24—26), ni trogen , am ino acid
p lasma urea and u r ic  acid ( 6 7 ) ,
nitrogen guanidine (80).
(24—26), p lasma
sodium and
potassium
(24—26) , non-
protein nitrogen
(28) andethereal
sulfates (28).

7
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RITE PHOSPHORUS TOXICITY — MATRIX (C0N’r ’D)

bronic Treatment Chronic Treatment Predictive Tests
rt term tests; (long term tests; up to Endpoints Recommended
o 90 days) 2 years or l i f e t ime)

one Reported. o None Reported. None None

lood (experi mental o Blood (experimental None None

~imal s) animals).
None Reported.

Levated a—g lobin
r4 ,75) ,  nonpro te i n
Ltrogen , amino ac id
id uric acid (67),
tanidine (80).

‘
5’-’
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WHITE PHOSPHORUS TOXICITY - MATRIX (CONT ’D)

System Acute Treatment Subchronic Treatment Chronic Treatment
or (including in (short term tests; (long term tests; up tc

Effect vitro tests) up to 90 days) 2 years or l i f e t ime )

7. Biochemical and Serum SCPT Serum esterase
Histochemical  (2 4 — 2 6 ) .  Lipase (35 , 76 ) .
E f f e c t s  ( 15 ,29 ) .
( Con t ’d) Depressed serum Depressed p lasma

calcium (24—26) , albumin and
serum creat in ine  f ibr inogen ( 7 5 ) ,
(24—26), total proteins (67).
pol ypep t ide
ni trogen (28) ,
and total
residual
nitrogen ( 2 8) .

No change No change chy lom icron
glucose (27), counts ( 7 7 — 7 9 ) .
fatty acids (28),
cholesterol (28),
lecithin (28).

o Blood (human) o Blood (human) None o Blood (human).
blood chemistry Reported.
p icture s imilar
to that  seen in
experimental
animals (14,34).
Eleva ted pro tein Eleva ted blood
ni trogen (13,30). potassium and
Depressed chloride (11).
ery throcy te
cholines terase
( 14) .
No change urea No change ino rga n ic
nitrogen (13,30). phosphorus , a1ka1in~
bile pigment phosphor us , ca lc i um
metabolism (13). and magnesium (90).

1

/
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WHITE PHOSPHORUS TOXICITY - MATRIX (CONT ’D)

chronic Treatment Chronic Treatment Predictive Tests
art term tests; (long term tests; up to Endpoints Recommended
to 90 days) 2 years or lifetime)

Serum esterase
(35 , 76 ) .

Depressed p lasma
albumin and
fibrinogen (75),
total proteins (67).

No change chy lomicron
counts (77—79).

h ood (human) None o Blood (human).
Reported.

Elevated blood
potassium and
chloride (11).

No change inorganic
phosphorus , alkal ine
phosphorus , calci um
and magnesium (90).

1
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WHITE PHOSPHORUS TOXICITY — MATRIX (C0NT’D)

System Acute Treatment Subchronic Treatment Chronic Treatment P
or (inc luding in (short term tests; (long term tests; up to E

Effect vitro tests) up to 90 days) 2 years or life time)

7. Biochemical and o Liver o Liver o Liver None reported.
Histochemical Elevated Elevated
Effec ts triglycerides triglycerides (81) ,
( Cont ’d) (31—34 ), total total lip ids and

li p ids (31 ,32) , choles terol
phospholi p ids (insi gn i f i can t ) (81) ,
(31) , total gl ycogen (40).
ni trogen (28 ) ,
fa tty acids
(28 ,39) ,
choles terol
(28) , poly—
peptide n i t rogen
(28) , residual
ni trogen (28),
leci thin (28) ,
glucose — 6— Cytochrome— C (68) .
phospha tase
activity (37).

9
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~TE PHOSPHORUS TOXICITY - MATRIX (cONT ’ D)

ronic Treatment Chronic Treatment Predictive Tests
term tests; (long term tests; up to Endpoints Recommended
90 days) 2 years or lifetime)

er o Liver None repor ted. 1. Liver I. Histolog ic tes ts
vated cirrhosis 2. Biochemical tests
glycerides (81),
al lip ids and
‘lesterol
significant) (81),
cogen(40) .

~ochrome—C (68).

I
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WHITE PHOSPHORUS TOXICITY — MATRIX (cONT ’D)

System Acute Treatment Subchronic Treatment Chronic Treatment
or (including in (short term tests; (long term tests; up to

Effect vitro tests) up to 90 days) 2 years or l i f e time)

7. Biochemical and Depressed Depressed
Histochemical glucoronic acid phospholipids (81).
E f f e c ts (38) , glycogen hypogl ycemia (41,45) ,
(Con t ’d) levels (40—47). octanoate oxidation

(83).
Esterase activity Esterase activity
( 15 ,35 ,36). (35,76) , malic

deh ydrogenase (MDH)
(insignificant) (81).
Fructose , 1,
6— di phosphate
aldolase (F16D)
activities (81).

Mitpghondrial Mitochondrial ATP
ATP”~ , (48 ,82) .
No change No change lactic
cytochrome b—5 , dehydrogenase and
P—450 (48). glucose 6—phospha te

deh ydrogenase( 8 1) .

8. Body We ight , Body Weight None Body Weight Body Wei gh t Decreased
Organs and Reported. Decreased (84). (84,91).
Tissues Skin non—irritant Skin None Reported. Skin None Reported.

(7) ,produced
subcu taneous
hemorrhage (50).

10
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FE PHOSPHORUS TOXICITY - MATRIX (coN’r’D)

onic Treatment Chronic Treatment Predictive Tests
term tests; (long term tests; up to Endpoints Recommended
90 days) 2 years or lifetime)

ressed
ipholipids (81).
ogl ycemia (41,45),
anoa te oxidation
).
erase ac tivi ty
,76) , malic
ydrogenase ( MDH )
significant) (81).
Ctose, 1,
iphos pha te
olase (FI6D)
ivi ties (81).
ochondrial ATP
‘ ,82).
change lactic
ydrogenase and
cose 6—phospha te
ydrogenase(81).

~ We igh t Body Wei ght Decreased None None
reased (84). (84,91).
n None Reported. Skin None Reported.

I~
10
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WHITE PHOSPHORUS TOXICITY - MATRIX (C0NT ’D)

System Acute Treatment Subchronic Treatment Chronic Treatment
or (including in (short term tests; (long term tests; up to

Effect vitro tests) up to 90 days) 2 years or l i f e time)

8. Body Wei ght, o Liver increased o Liver decreased o Liver cirrhosis ,
Organs ,and weight (31), wei ght (81), fatty des truct ion of
Tissues extensive degeneration , f ibroblas t and
(Con t ’d) degeneration of hemorrhage and parenchymal cells ,

hepatic cells cellular necrosis fibrosis (peripor tal)
with micro— (74), lack of (92 , 93).
thromb i in chromoffin reaction
portal vein (40).
(18 , 24—26 ) ,
f a t t y
i n f ilt r a t i o n ,
necrosis and
hemorrhage
( 12 , 18,40) .
Eosinophil ic
necrosis of
hepatic cells ,
cellular
i n f i l t r a t i o n
(granulocy tes ,
lymphocytes)
into por tal
spaces ,
proliferation of
bile duc ts and
fibrosis (humans)
(5 1) .

o Kidney glomerular o Kidney Hydrop ic o Kidney. None
and tubular degeneration (12), Reported.
necrosis , t ubu lar degenera t ion
desquamation and (85).
per inuc lear
vacuoliza tion of
cells  ( 24—26 ) .
Renal cor tical
degeneration
(humans ) (51) .

11
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SPHORUS TOXICITY — MATRIX (C0NT ’D)

reatment Chronic Treatment Predictive Tests
tests; (long term tests; up to Endpoin ts Recommended
s) 2 years or l i f e t i m e )

reased o Liver c i r rhos i s , (See No. 7 above )
1), fa tt y des truc t ion of
ion , f i b rob l a s t  and
~ and parench ymal ce l l s ,
necrosis fibrosis (peri por ta l)
~ of (92 , 93) .
t reaction

Irop ic o Kidney . None
Lon ( 12) , Reported.
t generat ion

I
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WHITE PHOSPHORUS TOXICITY — MATRIX ( CONT ’D)

System Acute Treatment  Subchronic Treatment  Chronic Treatment
or ( inc luding in (short term tests; (long term tests; up to

Effec t vitro tests) up to 90 days) 2 years or lifetime)

8. Body Wei ght , o Sp leen None o Sp leen enlarged wi th  o Sp leen None
Organs ,and Reported . large amounts of Reported.
Tissues hemosiderin (12).
( Con t ’d) o Gastrointestinal o Gastrointestinal o Gastrointestinal

Trac t massive Tract None Tract None
hemorrhage (2 0 ) .  Reported.  Reported.

o Endocrine Organs o Endocrine Organs o Endocrine Organs
None Reported . adrenal None Repor ted .

insufficiency (40).
o 

~~~~ 
hemorrhag ic o ~~~~ None Reported. o 

~~~~ 
None Reported.

broncho—
pneumonia (2 0 ) .

o Pancreas None o Pancreas o Pancreas None
Reported. mitochondrial Reported.

deformities (86).

o Heart pathologic o Heart None Reported. o Heart None Reported.
changes in
onyo card i a 1
cells and inter-
stitial edema
(21 ) , fatty in— -
fil tration (51).

o ~~~~~~~ , non—irritant o None Reported o ~~~~~~~, None Reported.
(rabb it) (7)  but
in humans it
produced burning
sensation ,
blepharospasm
and
opthalmopheg ia
(52—54).

o Ear None o Ear necrosis of the o Ear None Reported .
Reported. ear (no other detail

given) (71).

/ 12
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~DSPHORUS TOXICITY - MATRIX ( cowr ’D)

Treatment Chronic Treatment Predictive Tests

• tests; (long term tests; up to Endpoin ts Recommended
•ys) 2 years or l i fe t ime )

tnlarged with o Sp leen None
iouats of Reported.

~rin (12).
itestinal o Gastrointestinal

me Trac t None
I. Reported .

~e Organs 
o Endocrine Organs

None Reported.

iency (40).
ne Reported. o ~~~~ None Reported.

o Pancreas None
idrial Reported .
:ies (86).

lone Reported. o Heart None Reported.

te Reported o ~~~ None Reported .

rosis of the o Ear None Reported .

other detail
71).

I
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WHITE PHOSPHORUS TOXICITY - MATRIX (CONT ’D)

System Acute Treatment Subchronic Treatment Chronic Treatment
or (including in (short term tests; (long term tests; up to

Effect vitro tests) up to 90 days) 2 years or l i f etime)

8. Body Weight , o Osseous Skele ton o Osseous Skele ton , o Osseous Skeleton jaw -
~~~Organs , and bone necrosis jaw necrosis , necrosis , periosteal ClTissues of feet (55). periosteal changes changes and calcium

( Con t ’d) and calcium resorption from bone
- resorption from bone leading to bone

leading to bone atrophy (4 ,11,90 , tiatrophy (84 ,87 ,88). 94—96).

9. Cytolog ic and o Nuclear o Mitotic arrest o None Reported.
Cytogenetic aberrations (Kuffer cells) (89).
Effec ts swelling of

nuclei ,
vacuolation ,
membrane
des truction ,
hypochromasia ,
pyknosis, karyo—
rrhexis , delayed
mitosis (38,51).

10. Molecular o Inhibition of o None Reported . o None Reported.
Effec ts pro tein

syntheses in ra t
myocardi um (21) ,
liver (33,56) ,
duodenum and
pancreas (56).

11. Embryonic and o No effec t on
Teratogenic fetus (human)
Effec ts (51).

I



TE PHOSPHORUS TOXICITY - MATRIX (C0NT ’D)

onic Treatment Chronic Treatment Predictive Tests
term tests; (long term tests; up to Endpoints Recommended
90 days) 2 years or lifetime)

eous Skeleton, o Osseous Skeleton jaw 1. Bone I. Bone fracture
necrosis , necrosis , periosteal necrosis and strength test

‘iosteal changes changes and calcium atrophy 2. Calcium balance
calcium resorption from bone
orption from bone leading to bone
ding to bone atrophy (4,11,90 ,
ophy (84 ,87 ,88). 94—96).

~tic arres t o None Reported. None None
Ffer cel ls)  ( 8 9) .

~ Reported . o None Reported . None None

None None

I
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WHITE PHOSPHORUS TOXICITY - MATRIX (C0NT’D)

System Acute Treatment Subchronic Treatment Chronic Treatment Pred
or (including in (short term tests; (long term tests; up to Endp’

Effect vitro tests) up to 90 days) 2 years or lifetime)

12. Metabolism o Phosphorus is o Same as in acute o Same as in acute
rap idly absorbed studies. studies.
f rom the gut and
is principall y
incorpora ted
in to the liver
where it reaches
a maximum (60—73%
of dose) wi thin
2—3 hours. The
order of concen-
tration in other
organs is as
follows: blood
( 12% ) , kidne y
(4 .2% ) , sp leen
(1.8%), bone
(1.7%) and brain
(0.3%). Con-
centration in
skin grea tes t
in growing areas
compared to
quiescent areas
(7 ,28 ,37 ,58—65).

o Phosphorus is o Same as in acute o Same as in acute
rap idly oxidized studies, studies.
to hypophosphorus
and phosphoric
acid in tissues
and organs
(61 , 62).

I 14
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E PHOSPHORUS TOXICITY - MATRIX (CONT ’D)

nic Treatment Chronic Treatment Predictive Tests
term tes ts; (long term tests; up to Endpoints Recommended

0 days) 2 years or lifetinte)

as in acute o Same as in acute None None

ies. studies.

as in acute o Same as in acute
lies , studies.

I
‘-I
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WHITE PHOSPHORUS TOXICITY - MATRIX (CONT ’D)

System Acute Treatment Subchronic Treatment Chronic Treatment
or (inc luding in (short term tests; (long term tests; up to

Effec t vitro tests) up to 90 days) 2 years or l i f e t ime )

12. Metabolism o Major route of o Major route of o in humans white
(Con t ’d) excretion is the excretion is the phosphorus is

urine (54% of urine . The urinary excreted essentially
dose in 4 hrs) nitrogen partition as organic and
with lesser between the urea , inorganic phosphates;
amounts in feces ammonia and amino insig n i f i c a n t amoun ts
(2.0% of dose in acids was not always are exhaled in the
4 hrs) (7,28). disturbed . Most breath, swea t and
Urine alkalinity important change was feces; urinary
is increased as increased in amino changes include
is the ratio of nitrogen . Sugar elevation of
urea toto tal tolerance tes t was ammonia ni trogen at
nitrogen and markedl y decreased. the expense of urea
lac tic acid. Terminal acidosis nitrogen , increased
The ratio of was also observed oxidized sulfur
non urea and (dogs ) (69) .  content and
ammonia nitrogen Decrease in urinary albuminaria. Other
to total creatine and changes compounds which may
nitrogen in creatine to appear in the urine
excreted was creatinine ratios in are acetone , diace t ic
30% in the urine was also acid , leucine and
intoxicated seen (dogs) (12). tyrosine (11 ,12 ,
animals (28) , 97 ,98).
albuminaria
occurs under
severe
intoxication
(63 ,64).

13. Carcinogenicity None Reported . None Reported . o Phosphor us did no t
prod uce tumors in
ra ts and gu inea p igs
(9 1,99).
There are no reports
on carcinogenici ty ol
phosphorus in humans

15



ITE PHOSPHORUS TOXICITY - MATRIX (C0N’r’D)

ronic Treatment Chronic Treatment Predictive Tests

~ term tests; (long term tests; up to Endpoints Recommended
90 days) 2 years or l i f e time)

~or route of o in humans white

~retion is the phosphorus is
i.ne. The urinary excreted essentially
trogen partition as organic and
ween the urea , inorganic phosphates;
lonia and amino insignifican t amounts

~.ds was not always are exhaled in the
turbed . Most breath , swea t and
~ortant change was feces; urinary
reased in amino changes include
:rogen. Sugar elevation of
.erance test was ammonia ni t rogen at
tedly decreased. the expense of urea
minal acidosis nitrogen , increased

I also observed oxidized sulfur
gs) (69). content and

~rease in urinary albuminaria. Other

~atirie and changes compounds which may
creatine to appear in the urine

~atinine ra tios in are acetone , diacetic

~ urine was also acid , leucine and
rn (dogs) (12). tyrosine (11 ,12 ,

97 ,98).

is Reported . o Phosphorus did not None None
prod uce tumors in
ra ts and guinea pigs
(91 ,99).
There are no reports
on carcinogenicity of
phosphorus in humans.

I
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Expt’r iment ~ I Forma l ~lt’hvde I nt ~‘x i cat i ~‘u

I NTR ODUC T ION

ACUTE TOXIC ITY I. Inc l ud i ng in v i t r o  studies )

~~~~~~~~ 
t ’ c t

t)x\ ’gen comb i ii i ng ca pac i t v
Se 1 t’c t i ye pt’rmeah ii i  t v RBC

-
,

~~
.

~ . Immunolt~~ ic Re spt~nse

e .  Central Nervous System ( CNS )  E f f e c t s

Opt i cal chronaxi t’ change s
Cet -ebr a I ci cc t r i cal :lc t iv  it
Ccii t ra 1 no r vous v St cm damage
Nasopa t a t  i no nerve response
Depress ion ci fac tory st m c  tures
S t t t ’s~ r hy t h m  b r a i n
C o r t i c a l  med i a l  nuc 10115
Ne u r oh i a s t om a  c e l l s  in vitro

S. flehavioral Effects

t .  ( - ar d i ov a s c u l a r  E t t e ct s

Hvpot ens ion
Ci rcu I at or ~‘ ~~ i i  apse
R es p i rat ion i nh ib it ion

7. 1~~ochemic~~~~~ d H i stoche ica1 Ciia~~ es

En~ VUIcS
Alk al i ne’ phosphat~isc
C iu t a m i c  dchvdrogcnase
Lactic dehvdrogenase
N icot i naini de—Aden i no ccen~ v,nes

Pr ote’ i n s
He’me
llvpt’rg lv c e m i  .i
Ac i dos is

n I
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~ ~i) 1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _



8. Effects on Tissues and Oi&zlns

Ski n

Irritation
Anesthesia

Eyes

Ir r  i t a t  ion
I n t r ao c u l a r  h y p e r te n s i o n
Protein leakage
Corneal injury

Nose

Irt  i t a t  ion

Larynx

Irr itat ion
Edema
Spasm

Trachea

Irr itat ion
Cilia inhibiti on

Bronch i

B r o n c h i t is

Lungs

Edema
Hemorrhage
A l ve o l a r  damage
Other lesions
Ai r f l ow re sist ance
Resp i r a t o ry  ra te
Tidal volume

Stomach

Inflammat ion
Ulcer ation
Hema te’mesis
Stricture s

In t e s t i n e s

Per i stals i s p

~~~~~~~~ - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ j



Liver

Hyporemia
Edema
Nec ros i s

K i dney

Hyperomi a
Edema
Other damage

Uterus

Edema
Memo r rha go
Necrosis
P o l y nu c  lear  i n f i l t r a t i o n

B l a d d er

Edema
Inflanmiation
Nec rosis
A d h e s i o n s
Ulcerati on
Hemor rh age
Leu c o c v t i c  i n f i l t r a t i o n

9. ~~~~~ og ic and Cytogenetic Effects

Protein coagulat i on
Ca ry orhe x i s
Pvknos is
Hutagenicitv

Escherichi a col i
Drosophila melano~ aster

10. Molecular Effects

DNA cr o s s - l i n k i n g

II. Reproductive and Te’ratogenic Effect s

Testis

Inhibi tion spermatoge’ne’sis
Tubu lar degenera t ion
Ca lc i f i ca t ion tuhul~~s
A trophy
Sperma toc ida l e f fec t

1

l i i
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12. Metabolism

Absorp tion
Biotransformation
Formic acid (in vivo and in v i t r o )
Methanol (in vivo and in vitro )
Excre t ion

13. Carcinogenesis

1~
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SIJBCHRONIC TOXICITY (Short—term tests , less than 90 days)

1. Hematologic Effects

2. Bone Marrow Changes

3. Immunologic Response

Sensitization
Allergic dermatitis

4. Central Nervous System (CNS) Effects

Optic cor tex
Olfac tory analyzer
Olfac tory bulbs
Visual center

5. Behavioral Effec ts

6. Cardiovascular Effects

7. Biochemical and Histochemical Changes

8. E f f e c t s  on Tissues and Organs

Eye

Lachrymat ion
Discharge

9. Cytologic and Cytogenetic Effects

10. Molecular Effects

11. Reproductive and Teratogenetic E f f e c t s

Gestation time
Embryo organ weigh t s

Adrenals
Kidneys
Thymus
Lung
Liver

12. Metabolism

13. Carcinogenesis

I
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CHRONIC TOXICITY (Long—term tests, up to 2 years or lifet im e l

I. Hematolog ic Effec ts

2. Bone Marrow

3. Immunolog ic Respons e

Sensitization
A l l e rg ic dermatits

4. Centra l Nervous System (CNS) Effects

Cerebral cortex

5. Behavioral Changes

6. Cardiovasc ular Effects

Inflammation of heart

7. Bi ochemical and Histochemical Chan
~i’es

Liver gl ycogen

8. Effec ts on Tissues and Organs

Skin

Fingernails
I n f l an u n a t i o n
Suppuration

Lungs

Inflammat ion
Prolifera tion lvinphoh istiocvt ic elements
Hyperemia

S tomach

Irr i tat ion

Live r

Cel l u lar  changes
Focal hype rp la sia

Kidneys

Focal inflammatory change s

Reticuloendothelial system
I

A c t i v a t i o n  of l i v e r  e l e m e n t s

~ 
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9. C y t o l og ic and Cytogenetic Effects

10. Molecular Effects

RNA granules

Enlargement
Rarefaction

11. Reproductive and Teratogenic Effects

12. Metabolism

13. Carcinogenesis

Injection site sarcomas
Spindle cell sarcomas

I
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EXPERIMENTAL FORMALDEHYDE INTOXICATION

INTRODUCTION

Toxic effects of formaldeh yde ing ested accidental ly or suicidall y

were reported as early as 1904. During the investigation (in 1909) of

the possible value of formaldehyde as a preservative for milk , the U.S.

Department of Agriculture found that formaldehyde is capable of inducing

a systemic allergenic sensitization and skin reaction . The severe effects

of f orma ldeh yde vapors on the resp iratory tract were also reported earl y

in the history of the compound . Human exposure results from its use as a

fumigant , disinfectant , germicide , and fung i c ide , as well as its wide

applica tion in industry. Formaldehyde is used in the manu facture of

phenolic resins , artifical silk , dyes , exp losives and organic chemicals.

It is also used for coagulating rubber latex , tanning and preserving

hides , waterproofing fab rics , hardening gela t in plates , and for other

pu rposes in photography.

The present federal standard for formaldeh yde in the workplace

specifies an 8—hour t ime weigh ted average (TWA) limit of 3 ppm

formaldehyde. The acceptable -‘iling concentration is 5 ppm

formaldeh yde , wi th an acceptable maximum peak above the acceptable

ceiling concentration of 10 ppm for a total of ri more than 30 mi nutes

during an 8—hour shift (1).

Formald ehyde vapors are strongl y irritating to mucou s membranes of

~hc .‘ves  and resp i r a t o r y  t r a c t .  Skin  c o n t a c t  may r e s u l t  in an i r r i t a n t

,!~~.r ~~ic dermatitis. Ingestion may cause severe gastrointestinal - —

p ’ n, m.-it.•mesis , hematuria , proteinu ria , anuria , as well as acidosis .

‘ma . ird death (2).

. - ~~i’ J.-” vt .. iri t ’xication can be induced  in  common l a b o r a t o ry  i n i m a l~
- ~~~~~~~ gii nca p i gs , d ogs , cat s , and monkeys ) v i a

-~~ • ‘ - ‘~~~~~‘ i •; t ration , parentera l injection or by direct

- - -  ‘i . it. t o xic doses of formaldeh yde for variou s

~ iv~’n in the follow i ng table:

_



Rat Oral LD50 800 mg/k g
Gu inea pig Oral LD50 260 mg/kg
Rat I n h a l a t i o n  *LCLO 250 ppm/4 hr

Mouse Inhalation LCLo 900 mg/m
3/2 hr

Cat Inhalation LCLo 820 mg/m
3/8 hr

Rabb it Skin LD50 270 mg/kg

*LCL0 — lowest published lethal dose (3).

Spec ific e ffec ts of formaldehyde on the var ious organs and body
systems in exper imental animals will be discussed in the following

sec tions on: I. Acute Toxicity, II. Subchronic Toxicity, and III.

Chronic Toxicity studies. Acute toxicity in this report is limited to

toxic effects following administration of a sing le dose. Suhchronic

toxicity refers to toxicity observed in short—term tests of less than 90

days. Chron ic toxicit y includes toxic effects occurring in long—term

tests , two years or lifetime treatment .

Information Sources

The in format ion contained in the body of this document was derived
mainl y from such critical current reviews as:

o Oc cupa t ional Expos ure to Formaldehyde , DHEW (NIOSH) Pubi.
No. 77—126 , National Institute for Occupational Safety and
H e a lt h , C i n c i n n a t i , Ohio , 1976.

o Reg istry of Toxic Effects of Chemical Substances , Natio nal
Institute for Occupational Safety and Health, U.S.
Gov ernment Pr int ing Off ice , 1976.

o Industrial Hygiene and Toxicology , Vol. II, Patty, F.A .
(ed.), Interscience Publishers , New York , N.Y., 1963.

o C l i n i c a l  Toxicology of Commercial Produc ts , 2nd edi t ion,
Gl eason , M.N., R.E. Gosselin , and H.C. 1-lodge , W i l l i a ms and
Wilki ns Co., Baltimore , Mary land , 1963.

o The Merck Index , 9th e d i t i o n , W i n d h o l z , M. (ed.), Merck and
Co., Inc., Rahway, N.J. 1976.

I
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In addi t ion, some pertinent research reports identified through a Tracor

Jitco literature search were included .

The inf ormation containe d in the backup document is s u n u n ar i z e d  i n  the

append ed matrix. The term “none reported ,” wh i ch appears in the matrix .

indicates that no literature re ference related to tha t particul ar item

was identified .

I
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ACu TE TOXICITY (In c hid i ng in vitro observat ions)

1. Hemntolt~~~c E f f e c ts

Red blood Ce it s sub jec ed to 0. 2 i ~ formaldeh yde in so tnt ion 1 ost the

capabilit y o I taking up oxygen h u t  reina i nod permeable to ausnen i urn

cli lo t - ide and impermeab Ic to sod i urn cli I or ide . Tb is norma l so icc t i ye

pet-meab i 1 i t v was l o s t  , however , when the cc 11 s were treated wi th a

solution of the a I dehyde . The nut hors post ul ated that the e I (cc t s

t-esut t ott f i-em c ross l i n k i n g  o I protein chains and opening pores in the

envt lope of the or vthrocy tes (1 4).

2. B ’ M ~ rrow a~~~’s

No &t:I t a rt’ Ported in I i t ot  at ut-c survt’ ~‘cd to dat ’

L j~~~~~~ onse

A dir ect s e n s i t i za t i o n  to t oirn~ 1 ~ielis’dt ’ in the vapor phase

appeai -s to he r c l n t  i v e l v  rare SI .

4. Central N er v ou s  ~v s t e m  ( CN S )  E f f e c t s

Me lckh i na ( ~) doterm i ned opti ca l chronax i O~’ cIt oct s and odor

t hre slio Id in human sub j ec t s exposed to fo rm a l deh vdc  gas . Ct~n cent  r at  i ens

as low :i~~ 0.084 mg /rn (0 . 0 7  ppm ) i ulia led for a per i otl o I ‘) mi nut es

dcc reas e~l the cli r onax  i e in two i nd iv i d u a l  s and i uc rca sod it in a t hi rd

~liaitges were more seve r e at  concent rat ens of 0. ~‘ and 59 mg/rn (0. 1 b

and I . ‘9 ppm ) h11 t st il l  showed i nd iv  i dun I va n a t  i ens , i .e . , two  subj ects

showed dcc reasos  and a th i rd had an inc cease in the chronax i c

Con cont  r a t  ions o I 0 .0b8 o 0.07 ‘ tug ‘rn had no e f f e c t on rht ’obase or

rena  xi o or cli noun xv — t he itt i i i i  mum t i me an c icc  t r i c cur t -en  t must I 1 ow
at a vol ta~,’c tWite th e ’ n)i~’obasi’ (mill irniim pot ent a I o I elec t r i ci , i-r e n t
nece ss at - v to produce st  i mu I at ion ) to cause a musc Ic to cent  t a c t

I
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chronaxie . At 0.084 mg/rn
3
, the c Icc rr ica I c l i r o n ax  i t ’ was dcc r ea s ’d  f rom

0.06—0.2 1 uF in two suh j cc t s . 1’wo i nd iv  i dun is had dcc rca sos of 0. 10 and

0.22 uF at 0.2 mg/m 3 , and of 0.08 and 0.23 uF at  1. 59 mg/ rn 3 , wher ea s

a t h i r d  had inc i-cases of 0.09 and 0.3’) uF at t hesi~ two f o r m a l d e h y de

concont  r at  ions

Fe I ‘ dman and Honasht ’v sk ay a  ( 7)  found t ho 01 f a c t o ry  thr e sho  It1 f o r

f o r m a l d e hy d e  in  human sub l e c t s  (7 of 15) to be 0.07~ mg/ rn
3 . All  15

I nd lv i  d u a l s  were  ab Ic to detect odot- of the gas at a c oncent rat ion of

0.09 tug/rn
1
. None of the sub j cc t s were able to dot oct 0.054 mg / rn 3 

of

formaldehyde by odor .  These res u l  t s agree c l o s e l y w i t h  those oh t a i nod i n

a st u d y  by Melekh inn (61 whor e  the odor p e r c e p t i o n  t h r e s h o ld  for

fot-maldehyde gas was found to he 0.07 mg/rn
1 

for all subjects tested.

Statisticall y si gnificant changes in cerebral electric a l activit y

(p + 0.05 ) we no dot cc ted by EEG do to rmi nat ions in five human sub oct s

exposed to formaldehyde gas at a concentration of 0.053 mg/rn
3
. The ‘no

O f fec t ‘ I eve 1 was found to ho 0. 04 tug /m
3
. The I nd iv i dun I s tested i n

the st tidy wore the five most sons it ive suhjoc ts found in the ol fac t~ rv

t h r e sh o l d  test s conduc ted by tlti’ authors in the st ud~’ des c r i bed above (7)

Gleason ot al . (8) stated that central nervous system depression may

occur as a i-es ti 1 t of expos tire to formal ~Ic1iv ~lc hut tlia t the cond i t ion is

rare . The ingestion ~ f forrna Ii n • however , has caused ceut m l  n er V o us

svstt’m damage as we II as ci rcu I at or y  co 11 apse and k I ~int ’~’ da mage .  The

mean leth al dose fo r  a d u l t  s has been e st itu a ted to he aboti t ti0 in 1 (9)

Kul Ic and Cooper (10) St  tid i cd th e c t fcc  t s of  f o r m a l d e h y d e  en the

ci cc t r i cat act iv i t  v of t he ’ na sepal at inc  nerve in ane st hot i zed i-at  s

Expos t ir e to  the gas at love is 01 0. S — 2 . 0  ppm for one hout- cat, sod a

dec cease in the nerve r esp onse  to .nuv 1 alcohol that vari ed LIt ret - t lv wit ii

the concent r a t  ion o t form;i  1 dehvde diffused . A part i n  1 t -ecover o I t he

neti rat response  to  amy 1 a 1 cobol was eb sen vet! when the nasal cay it i c s w~. cc

per fit sod w i t hi a i r for one lieu i- t o i l  ow i ng the 2 ppm , one—bout- t emm a 1 dcliv do

exposu re

I
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Effec ts of formaldehyde on various parts of the cerebral cortex of

rabbits were de termined by Bokina et al. (11) by means of func tional
elec troencephalography (analysis of the readjustment reaction to a
rhythmic li ght st imulus , evoked potentials of the cerebral cortex , and
de termi nat ion of the photometrazol thresholds). Exposure to formaldehyde

for 10 seconds produced a nonspecific reac tion of orientation and
exp loration at 3.7 mg/m3 consisting of individua l flashes of activity

in the neocortex and quickened resp i ra t ion  wi thout  any change in the

o l fac tory ana lyzer structures. Exposure to a concentration of 12.6

mg/m 3 caused a specific reac t ion represented by a depression of high
freq uency—induced activity in the olfactory structures. Changes in the

elec troencephalograms (EEC) after a 10—sec exposure were short with a
- 

_ quick return to initial brain functional state (1). After 20—minute

expos ures , there was a persistent stress rhythm in the cor tex and l imbic

brain structures indicating a deleterious effect of the compound on the

CNS. In an earlier study, Bokina and Eksler (12) found that formaldehyde

gas at a concentration of 0.65 mg/rn
3 

had an adverse effec t on the

cortical medial nucleus in rabbits after exposure fcr 10—30 minutes.

Koerker et al. (13) followed the action of formaldehyde on cell
growth, viabili ty, adherence to culture flask , and morphology of a clone
of mouse C1300 neuroblastoma cells in vitro. Molar concentrations of the

aldehyde , rang ing from 8,3 x io 6 to 2.2 x acting over a period

of 24 hours , caused decreases in total cell number , viabili ty of

harve s ted and sloughing cells , and percentage of cells having neutrites.
Sloughing of cells from the flask surface into the medium was increased.

The authors concluded that the neuroblastoma cell culture provides a

convenient in vitro system for cytotoxicity tests as well as a model in

which mechanisms of neurotoxicity can be studied , since the cell type is
derived from nerve tissue .

5. Behavioral Effec ts

No data reported in literature surveyed to date.

I
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6. Cardiovascular Effects

Gleason et al.. (8) stated that circulatory collapse may occur on

exposure to formaldehyde and may contribute to the rare ins tances of
central nervous system depression reported. Akabane (14), in a review
art icle on aldehydes and re la ted compounds , also pointed out that

formaldehyde cause s a decrea se in blood press ure as well as an

irregularity in resp iration at sufficent dosages. Depressor responses

were induced in chloralose—anesthetized cats and dogs by iv inject ion of
2,5 to 5 mg/kg. Respira tion changes were not observed at these dosages.

With 10 mg/kg of formaldehyde , however , an ini tial drop in blood

pressure , followed by a pressor response as well as marked inhibition of

resp ira tion, were observed. Blood pressure and resp iratory responses of

the same nature were observed in pentobarbital—anesthetized dogs. The

ac tion of formaldehyde on peripheral blood ves sels, howeve r , was found to

be very weak as det ermined by per fusion experiments wi th the isola ted
rabb it ear .

Skog (15) detec ted sli ght hyperemi a with small hemorrhages and edema

around some vessels in the lungs in ra ts and m ice that succumbed to uc
injec t ions of formaldehyde solution at levels of 300—640 mg/kg and

150—460 mg/kg, respect ively.

7. Biochemical and Histochemical Changes

Alkaline Phospha tase

Liver a l k a l i n e  phospha tase  a c t i v i t y  was found to be si g n i f i c a n t l y

higher in rats exposed to 35 ppm f ormaldehyde via the resp iratory tract

than in unexposed animals (16). The authors indicated tha t the increase

may have been a non—specific effec t , since seve ral di ssim ilar chem icals
induced the same response. An increase in activity of the enzyme was

also observed in the testes of goats following a single in tr at es ti citla r

injec tion of forma ldehyde (10 ml of a 42 sole.). The effec t was

par t icularly prom inent in calc i f ied areas of the tubu le s and interst it ium
(17).

7



Dehydrogenases

Estes and Pan (18) found formaldehyde to be a potent inhibitor of

beef liver glutamic dehydrogenase in vi tro at concentrations of 5 uM and

50 uM per milligram of enzyme protein. Lactic dehydrogenase (bee f heart)

was also inhibi ted but to a lesser extent .

Ni cotinamide—Adenine Coenzymes

Formaldehyde , at a fina l concentration of 0.1%, lowered the oxidized
and reduced nicot i namide—adenine coenzyme content (NAD

+
+NADH) of ram

spermatozoa in vitro to 76% of untreated control values after incubation

for 20 minutes at 25° C. Inh ibition of spermatozoan motility was also

noted (19).

Reac tion with Proteins

Formaldehyde comb ines wi th methy l groups of pro tei ns both in vivo and
in vi tro to form additional produc ts (8).

Reac t ion wi th Heme

Akabane (14) ci ted a repor t by Cuthe (1959) that formaldehyde

establishes an irreversible heme—linked group with hemoglobin.

Hyperg lycemia

Injec tion of starved rabbit with 10 mg/kg formaldehyde solution may

result in hype rg lycemia (14).

Acidos is

Windholz (2) stated that ac idosis may result from the i n g e s t  ion of

aqueous formaldehyde.

1
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8. Effec ts on Tissues and Organs

Skin

Exp losure to vapor or solutions of forma ldehyde may cause the skin to

become white, rough , hard , and anesthetic. The mechan ism , acc ording to

Gleason et al . (8), is a superficial coagulation necrosis. Dermatitis

and hypersensitivity frequently develop after prolonged exposure .

Formaldehyde vapors are intensely irritating to the mucous membranes

of the eyes . Rats exposed to concentrations as low as 35 ppm fo r 18

hours showed definite evidence of acute eve irritation within 24 hours

(16).

Humans unacclimated to formaldehyde vapors experience eve irritation

at concentrations below 5—6 ppm. A vapor concentration of 10 ppm causes

pro f use ~achrymation and can be tolerated for only a few mi nutes even by

workers acclimated to l ower levels. Experimental 30—minute exposures of

human volunteers to 13.8 ppm formaldehyde caused considerable eye

irritation although there was a decrease in lachrytnation during

exposure . Eye sp lashe s are very seri ous and can resu lt in coagula t ion o f
the corneal surface if prompt action is not taken (5,9,20).

Formaldeh yde levels which averaged 0.4 ppm had no acute effects on

worke rs ’ performance in tests of visual acuity, depth perception ,

peripheral vision, accomoda t i on , fixation , ai?d color vision in a studs’

conduc ted in a large wood products p l a n t  ( 2 1 ) .

Formaldehyde induces intraocular hypertensi on and protein leakage

across the blood—aqueous barrier in the rabbit 

(22).9
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Nose

Inhaled formaldehyde vapors are very irritat ing to the nose as well
as to the eyes. In the study described above by Murphy et al. (16),

irri tation of the nasal mucosa was observed in rats exposed to 35 ppm for

18 hours.

Human beings exposed to formaldehyde vapors usuall y experience a mild
t ingling sensation in the nose when the concentration reaches 2—3 ppm.

Concentrations of 4—5 ppm can be tolera ted fairly well for periods of
10—30 minutes by some people; longer exposures cause considerable

discomfort. Concentrations of 10 ppm can be borne for only a few
minutes. At levels of 10—20 ppm , formaldehyde causes severe burning of

the nose and it becomes difficult to take a normal breath voluntaril y.

It is es t imated that exposure for 5 to 10 minutes to concen tra t ions of
50—100 ppm wou ld probably lead to very serious injury (5).

Larynx

Mild throat irritation is experienced by mos t persons at formaldehyde
vapor levels as low as 5 ppm . At 10—20 ppm , formaldehyde causes severe

burning of the throat. High concen tra t ions may produce edema or spa sm of
the larynx . It has been found that repeated exposures to formaldehyde

concentra t ions below 10 ppm can lead to some degree of tolerance to the
vapors (5,8).

No reports were found in the literature surveyed to date on effects

of formaldehyde on the larynx in experimental animals.

Trachea

Formaldehyde concentration s of 10—20 ppm ca use severe burning of the

entire upper resp ira tory trac t including the trachea (5).

10



Kensler and Battista (23) found ciliary activity of rabbit trachea

exposed for 12 seconds in vi tro to formaldehyde vapor , was inhibi ted

almost 100% as compared with 10—15% inhibition in untreated control

preparations .

Bronchi

Evidence of bronch itis was observed at autopsy in both rats and mice

given single sc injec tions of formaldehyde solutions of 300—640 mg/kg and

150—460 mg/kg, respec tively, in an ac ute toxici ty study conduc ted by Skog
(15). The LD50 was found to be 420 mg/kg in rats and 300 mg/kg in mice .

Gleason et al. (8) stated that tracheobronchitis may develop in

humans after inhalation of formaldehyde vapors.

Lungs

Slight pulmonary hyperemia with small hemorrhages and edema around
some of the vessels was observed in ra ts and mice given sing le sc

injec tions of formaldehyde solution at levels of 300—640 mg/kg for rats

and 150—460 mg/kg for mice . Hemorrhages , as well as intra—alveolar and

perivascular edema , were found in lungs of rats exposed to 0.6—1.7

mg/li ter formaldehyde in air for 30 minutes (15). The LC50 was found

to be 1000 mg/rn
3 (810 ppm) (15).

In another study involving rabb its and gu inea pigs as well as m ice ,

expos ure to formaldehyde (19 mg/rn3) or to an aerosol of formalin (20

mg/rn3) for up to 10 hours resulted in edematous and hemorrhag ic lungs
with distended alveoli. Most of the animals also had ruptured alveolar

septa. Mortality rates were : mice — 96% (aerosol) and 34% (gas): guinea

p igs — 5% (aerosol) and 40% (gas); rabbits — 20% (aerosol) and 60% (gas)

(24). Lung lesions were also found in cats exposed to 820 mg/m
3 (664

ppm) formaldehyde for 8—9 hours. Death occurred within 4—6 days

following profuse salivation , marked dyspnea , and vomi ting. At autopsy,

pulmonary edema, hyperernia, and hemorrhage s of the lungs wi th pus i n the

trachea and bronch i were found . Concentrations of up to 820 mg/rn
3 

for

3.5 hours caused only temporary irri tation of the mucous membranes (25).

t 11
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Murphy and Ulrich (26) found a dose—related effec t of formaldehyde on

the resp ira tory ra te , tidal volume , and resistance to airflow in guinea

p igs exposed individually to the gas for a period of one hour.
Concentations of 3.9 and 12.5 ppm increased resis tance to airflow by 69%
and 81% , inc reased t idal volume by 29% and 36%, and decreas ed the

resp iratory rate by 27% and 37%, respe ct ively.

In another study by Davis et al. (27), guinea pigs exposed to

formaldehyde in air at levels of 50 , 1000 , and 6000 ppm showed increases
in resis tance , inc reases in t idal volume , and decreases in the

resp iration rate as well as a decrease in minute volume , and no change in

comp liance in intac t animals. In tracheotomized animals , however , there

we re no changes in any of these areas due to formaldehyde exposure . The

authors concluded , there fore , tha t the responses observed were
nonspecific and due to recep tors in the nasopharynx and larynx of the
gu inea pig which are s timu lated by irritan t and chemicall y inert

substances in general.

Otte and Kropelin (28) detected peribronchial cell infil trat ion and
interstitial edema in the bronchopulmonary sys tem of guinea p igs

following inhalat ion of formaldehyde.

Stomach

Ingest ion of forma lin or other sol ut ions of formaldehyde may cause
inflammation and ulceration of the gastrointestinal mucosa , severe

abdomi nal pain, violent vomiting , hematemesis , and diarrhea. Corrosive

damage and s tric tu res commonly occur in the stomach. Hetnaturia ,

proteinur ia , anuria , acidosis , ver t igo , coma , and dea th may follow

(2 ,8,29).
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In tes t ines

Formaldehyde (5 to 10 mg/kg iv) caused an initial inhibition of

intestinal movement in experimental animals , which wa s fol low ed by an
inc rease in tone and amplitude of contraction , according to a report by

Akabane (14).

Liver

Exposure of rats to 0.6—1.7 mg/liter formaldehyde in ai r f or 30
minutes caused hyperem ia , perivascular edema , and necrosis in the liver.

Hyperemia was also found in both rats and m ice follow ing sing le sc
injec tions of formaldehyde solution at dosages of 300—640 mg/kg and

150—460 mg/kg, respective ly (15).

Kidneys

In the study by Skog (15) described above , perivasc ular edema was

found in tie kidneys of rats exposed for 30 minutes to fo rmaldehy de  in

air over a range of 0.6—1,7 mg/liter. l-lyperemi a wa s observ ed in the
kidneys of both ra ts and mice following single sc injec tions of

formaldehyde solution . The dosage for rats was 300—640 mg/kg and 150—460

mg/kg for mice. Iwanoff (25) observed hyperemia in the kidneys , as well

as pulmonary changes in cats exposed to 820 mg/rn
3 (664 ppm)

f ormaldehyde in ai r for 8—9 hours. Gleason (8) reported that ingestion

of f o r m al i n  leads  to k idney damage in humans a l so .

Uterus

Hemorrhage , ede ma , necrosis of endometnium , injury to myometrium ,

pol ynuclear infil tra t ion, and finally, af ter 30 days . comp le te

oblitera t ion of the uterine cavi ty by connec t ive t iss ue were found in

mature virg in rabb its given a sing le in trauterine injection of 2 ml of

10% formaldehyde in saline (30).

I
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Bladder

Formaldehyde cause s seve re adverse e f f ec ts when injec ted into the
bladder of experimental an imals. In one stud y wi th ra ts , f o rm a l i n

concentations of 1 , 5, or 10% in amounts su fficient to fill the bladder
( 1— 2  ml )  caused edema , necrosis , and i n f l am ma t i o n  throughout a l l  l ayers

of the organ within 7 days. Macroscopic examination at autopsy revealed

thickened walls and adhesions to other visceral structures.

Microscop ically, transrnural inflammation , mucosal ulceration , and intense

submucosal thickening and hemorrhage were observ ed in the 5% group. The

authors stated that i t  was d i f f i c u l t  to f i nd  an i n t a c t  p iece of b l a d d e r

wall for sec t ioning in the animals given 10% f o r m a l i n  i n t r a v e s i c al l y .

Fif ty percent of the animals in the 5% group died during the experiment

(31).

Pust et al. (32) studied chemical stripping of the urinary bladde r

mucosa in cats with 5 to 25% formaldehyde solutions . The stud y was

promp ted by the possible value of a procedure tha t comple tely des t roys

the a f f e c t e d  b l a d d e r  mucosa in the management  of low grade b ladder

tumors. Superficial coagulation necrosis with formaldehyde has a l read y

been used s u c c e s s f u l ly to stop bleeding from inoperable  cancer of the

bladder  and a f t e r  rad ia t ion  or chemotherapy . C l i n i c a l  si gns of sys temic

formaldehyde intoxication have not been seen in these emergency
treatments (33).

In this study (32), comp lete s tripp ing of the urinary bladd er mucosa

in the cat  was achieved wi th  a 20% so lu t ion  of commercial  aqueous

formaldehyde (38% HCHO) and a contact time of one minute . Necrosis of

the subepithelial layer did not occ ur and comp le te “reep ithelialisation ”

and normal bladder function were seen 3—4 weeks after formaldeh yde

treatment . Clinical signs of systemic formaldehyde intoxication were not

observed . Histopathologic effec ts detected 7 and 14 days after treatment

inc luded the following: 5% solution (5 mm contac t time ). len co cv ric

infil tration and sligh t subep ithelial edema ; after 20 m m ,

~
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comple te necrosis of the ep ithelium; 7.5% solution (5 mm ), edema of the
submucosa and loosening of connec t ive t issue in the deeper musc u lar
layers; 20% solution (1 m m )  complete destruction of the transitional

epi th e l i uxn with  rep lacement by a thin layer of coagulated cellular

proteins . The mucosal par ts of the trigone and urethra were not

affec ted. The authors attributed this to reflex contraction of the

tri gone when exposed to the compound . Cats were used in the study

because the transep ithelial structure of the bladder is similar to that

of the human ur ina ry bladder (32).

Gonads

See Reproductive and Teratogenic Effects.

9. Cy tolog ic and Cytogenetic Effects

Formaldeh yde is a hardening agent. Strong solutions bring about

coagulation of cellular proteins . The effect on the skin of individuals

exposed to formaldeh yde is a tt ribu ted to thi s mechanism (8 ,32).

Caryorhexis or pyknotic nuclei have been observed in epithel ia l  cel ls

of the bladders of cats instilled with a 7.5% solution of commercial

aqueous formaldehyde (38% HCHO ) , after a contact time of 5 minutes (32).
Schenker and Polishuk (30) also observed these same changes in uterine

sections from rabbits 12—24 hours after intrauterine injection of 2 ml of

a 10% solution of formaldehyde in saline .

Formaldehyde was found to be quite toxic to Ehrlich—Landschutz (ELD)

di ploid ascites tumor cells in vitro at concentrations as low as 50 ppm.
The percentage of dead cells after 1, 2.5, and 5 hours was 8.5, 23 , and
23% , respec tive ly. Corresponding untreated control values were 2.6, 3.5,

and 4.2% (34).

I
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Ii. ~~~ ro th tctI v t’ and Terat~~~~n i c  E f f e c t s

Testis

A s i n g  Ic I nt r a t e ’ sI  I en 1 .ir I njoc  t ion  of f o r m a l deh y de (10 ml of a

so 1 ii. ) ~‘ati~~’d en )  argt ’mt ’nt and gen er a  i i  zed a t  rop hy of  th i ’ o rgan  w i t i t  in  2 (1

,I:iy s . Spormatogm’nt’si s was stopp ed  at  tin’ spormatcigon I ru st age at 10 days

w I t h doge ’nt ’ra t I on of t hi’ t t i bu  l o s  . A pprox  irna t e l y 20— 3 ~~~ o f  the ’  I uhim h’s

we t ’ e ’ a I so ca 1 c i I i  od anti  a t  many p 1 aces  the  s p ermat  OZ OR WI’ t ’O ca I c  i f  i ~t1 in

s i t u .  The t t in i ca :i) bug i ii, ’:m was t h i c ken e d  and the  Li’ y d i g ci ’ I I  s s bowed

m i I d  tle ’gonei- .’it ion . Blo od  ve sso l  s and cap i 11 at’ I e ’5 i n  t he  i n t e r s t  it m m

Wi ’ re d:image’il . At 20 days  , mo st  of t h e  t uhu los  wo to at  rop li l ed  and 2 0—8 0 %

showe d en I~- i f  i cat  ion . In  some of  t u e  t t ibu los , howeve ’r , to pOpu 1 . 1  t I On of

t h e ’ semi i i i  fe ’r ous ep i t h e t m m  was not  i co a h i t ’  w i t h  p a r t i a l  r e s t i r np t  ion  of

~ p~~’in~ t oge ’ne si s . Mi I d to  sever ’ do gene r a t  I VO chang o  s wi ’ r e a I so observed

I i i  t in ’ op i d i t l v m i s  w i t h  m o n o n u c l e a r  m l i i  t r a t i o n  ( 1 7 ) .

P ara  f o r m a l  dei ty do , wit i cit d i s  so)  yes wi t i t  t h e  ovo I u t  ion  of fot’ mna 1 dvl iv do ,

i s  an at ’ t i Vi’ i ngre d i e m i t  i n  i’e r t  .-ii n i’ out  t’ace pt  lvi’ c i’eams ( 2

Tera t ogon i c e’ f fec t s we i’c ni, sent i n  B e a g l e  dogs g I von conuno rc I a I

fo r mun  1 dehy d e so h it  i on i n  the  d i  ~‘t at I eve is of I 2 5 ppm (i ’qu I v,-m l e n t  to  3. 1

ms/kg 13W/d ay ) or 375 ppm ( e q u i v a l e n t  to q ,~ mg/kg  1 1 W / d ay ) .  T r ea tm ou t  was

st i r ted ‘m day s  a f t  or inn i I ng and c omit I nued t in t  i i  day So . Dii t’a t i omi of

ges ta t ion and foe und i t y we t ’o not a f fec ted  by the t m _ c a  tmeri t . A l l  an i ma 1 s

wore norm al  i n  b e h a v i o r , ap p e ar a n ce  • mot i l i t  v , and t f l h IS t ’II  i n c

coot’ d i n at  i on . No inn I f o rma t  i ons we to found i n  an v o f the  1 i t  t ors

A n i m a l s  t r a n s  fe ’i’red to the  b r e ed i n g  co1on ~’ Wt ’rt ’ obse rv ed ovo r a pi ’r  lod o f

n ear  1 y 2 yea i ’s  . None of th e so adu I t s or t lic i r 1 I t t  o rs showed :imiv

ph y s i o l o g i c a l  or sko I o t a  1 ahnormn i i  t l o s  or rep roduc I I ye d I ~om’ tii ’ i-s ( 39)

I
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12 .  M e t a b o l i s m

Forma l deh y de , b y v i  r t  tie’ of  I t s Ii I gh wa to r so I ub i i i  t v , ap pe ’a rs I ’

reac t quickl y with the inuco sa of the a limentar y and resp irato t ’y tracts.

In a s t u d y w i t h  mongre l dogs , Eg le (40) found that both upper and l ower

parts of the  re sp i rat orv trac t were effec t i vt’ absorbers of the  a l d e ’hyde .

U pper t r a c t  a b s o r p t i o n  was 95— 100% , and t h a t  of the l ower t r a c t  exceed ed

95% . The total—tr a c t ret ent ion was n e a r l y  1 00% , r e gar d l e s s  of the

vent  i i  a tory rate , forma l d t ’ I t v d t ’ co n c~’ n t  r a t  ion , or t I da I vol umes muon s t i r od .

Blot rans format ion

Formaldehy de  is oxi  d i z e d  to formi ~‘ at ’ Id  i n  var  ions  t i s s u e s of the

bod y ,  e s p e c i a l l y i n  the l i v e r .  Some’ of ’ th e  r e su l t an t  f o r m i c  a c i d  may ho

foun d in  the u r i n e  , h u t  much of I t is  met ~iho i i  zod to  CO ., or to  lab  i I

m e th y  I g coups . Par t  of t h e  ab so rh o d  forina I dt ’hvde  m ay a)  so undergo

m et a h o l  i . ’ r e d u c t i o n  to methy l a l c o h o l  ( 8) .  As e a r l y  as 1893 , Poh I ( 4 1 )

repor ted  an a pp arem it  m i n o r  ox i d a t i o n  of forin a l de’hvde to  f o r m i c  a c i d  i n

the dog. V e r i f i c a t i o n  of t h i s  f i n d i n g  was p u b l i s h e d  by M a l or t t v  • ‘t  a )

( 4 2 )  who a l so  found  ev idence  of the  p o s s i bl e  i n v o l v e m e n t  of  I i ver

a Ideh y de deh y drogenase  and n i cot I nami do aden in c di  nuc loo t  ide  (NM) ) i n  the

fo rmic  ac id  o x i d a t i o n  and f u r t he r  e s t e r i f i c a t i o n  to m eth y l f or n i a t e ’ .

O x i d a t i o n  to f o r m i c  a c i d , a c c o r d i n g  to W i l l  i ams (43 )  is  the major rout e

of for tn a  I dehyde b i o t r a n s f o r m a t i o n  i n  t h e  an iinai h~ v ( F i gure 1)

Formaldeh y de a l so  undergoe s o x i d a t i o n  in  v i t r o  when i n c u b a te d  w i t h

various t I ss t ie p repa rat i ons.  Poli 1 (41) found t h a t  f o r m a l d e hy d e  could  he

O X I  dized sligh t ly in vitro by liver pr ep arat ion s (horse and p i g ) h u t  not

by skeletal musc Ic ( dog) . Lu twak—M ann (44 ) and Kenda  I and Raman a t h a n

(45) discovered that liver prepar n it ions can also bring about d i s mu t a t  ion

o f f or m a l d ehy de to form f o r m i c  a c i d  and m et h an o l In  y i t r o  (4 3 ) .

Formaldeh y de wa o x i d i z e d  q u i c k  l v  to  formi c ac i d a f t c ’ r absorp t  ion by

human er y t h r o cy t o s  i n  v i t r o  ( 4 2 ) .
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c i  C lu e ~
‘ s ’mi I t o t  s~ l O t i p

12 . ~~ I i t ’ ,’ t t m ~iu
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CHRONIC TOXICITY ( L o n g — t e r m  t e s t s , up to 2 years or lifetime )

1, Hernatolog ic Effects

Henuatolog ic values were normal in rats , guinea p igs , rabbits , dogs ,

and monkeys exposed to formaldehy de in air at a concentration of 4.6

mg/rn
3 

over a period of 90 days (53).

2. Bone Marrow Changes

No data reported in literature surveyed to date.

3, Immunologic Response

A l l erg ic dermatitis affecting the face , neck , arms , and hands

occurred in 6 of 13 nurses in a hemodial ysis unit , who were exposed to

for maldeh yde gas d a i l y during sterilization of open tanks with a 2%

formaliri solution . The solution was allowed to stand in the tanks for

sever a l  hours dur i n g  which t ime con s ide rable f ormaldeh yde gas was

released into the room. The first case occurred 6 months after opening

the unit. Sensitivity tests with formalirt were positive in 4 of the

nurses. All skin lesions attributable to formaldehyde improved when

another sterilizing agent was substituted for formalin. The author

stated that exposure to gaseous formaldehyde was the mos t l ikely cause of

sensitization (54).

4. Central Nervous System (CNS) Effects

Rats exposed continuousl y to f ormaldeh yde in air at concentrations of

0.012—3.0 mg/rn3 (0.0098—2.45 ppm) over a period of 3 months exhibited

local focal p r o l i f e r a tion of the g lial elemen ts in the parie tal area of

the cerebral cortex , together with many satellites of oligodendrocytes

and astrocytes at doses of 1.0 and 3.0 mg/rn
3 (7).

I
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. lh ’hav i , ’ t’ tm l Chai’igi ’s

Nt ’ , l , u t  :m f o t m ui d  j u t  I i t ’  u ’ :mt  mire ’ S u i T - i c ’ i c ’ ,l t o  date ’.

m~, Card  i c v ;u s c t i  lar Ef t t ’c t s

c t a I , ( S 1 i om,in c l  I ‘c a I l o t  1 tunan a t o m - v ~h t in g’’ mu i n t he  hi’ :mt ’ t s

r u m t ut ~nd go i t s ’ ,i r ~~mu ‘ xp c s  i ’d to  4. Ii  mg ‘m
1 

a i rb oi ’mi t ’ form a l dt ’h v d i ’ OVt ’ r a

pe ’r i  o,t c i  ‘~O i , m v m u  . Thti ’ , u u u t l t o t ’s W i ’ i ’ i ’ t u u i s ’ e r t a i n , li cwu ’i’ s’r , whe ’t h t ’u ’ t h e ’

m l  o m - o s cop i C s’h i u m m t g u ’s o t ’’u eu ’ved r e s t i l  t ed  f r o m  i n h a l  t i t  ion  cf  f o u ’ma I , ie l t i ’ ,le or

f t ’om —t om , ’ ci her  ,‘ - ut m so

7. b i c o h e m i c a ]  an( l } I i s t o c h e m j c a l  C i ia n ge ’s

Fe C • dunati  ~ nd B or i a s h e v sk :m v a  ( 7’) do C , ’,’ t ed  :1 mo d e i -a N’ dec 1~ e ’O S i ’ i t t  t li e ’

g I vc~igi ’n co ot  , ‘m i t  c i  I i i’er 5- c I l s  i n  usa I~~ r u m C mu i ’xpost ’d t o  fo r mna I , I e l u v d e ’ g u s

15 : i i  r m t  I cvi ’ I s  , i f  I at isi  t u ig nm
1 

ove r a itor i od of  I m o n t h s .

S. E f f e c t s  cmi T i s s ue s  and O~~~ui ns

Pro 1 cn g ’ tC i m idst  m u t  m’ 1 ,i I u t  mu i ’ of  ~h I I s i t , ’ ( less t h,-tn 0. ‘
~- fo rma l de l i v d s ’

s o l u t  i c u t - u  and p a s t e ’s ,‘at i m u e d  I i t l g c ’rna  i i  s of S O f l h e ’ w o r k e r s  t o  hecomo brown

and so f t  w i t  h i ev e n t  u s  I 1, ’ ,- u v  . I n  ci i c r  ,‘.u so mu • t h e  n.’u i i  s hes’ u r n s’ sca l v  and

f r i  at ’  l e t  i n  f i  uuuinti:i t i on c i  C he’ ‘u ’s i n  w i t  ~m s t m p p u r a t  i o n  :u l so t i c c ut ’r ed  . In

som e’ oa s , ’s , t h er e  w as  tin o,’ca s j ’ m i u u i e n u t i  t i v i t v  a c c o m p u i n i e d  by a

I gh t o n i n g  pa i n” t ’ x t  ond i ng up t h e  arm ( I ’ )

Lun&s

There  ha~’t ’ been t i tmmi ’r ou s r e p o r ts  on the v a r i e d  adverse  e f f e c t s  of

f o r m a l d e h y d e  on t he  luu ngs of exp e riment a l anim a l s and man . Coon et si

( 5 3 ’) observed v a r y i n g  degrees  of  i n t e r s t i t i a l  i n f l a n u n a t i o u i  i t i  r a t s ,

gu i  mi ca p i g s  • r a b b i t s , dogs . and monkey s exposed to f o r mal  d e l i vd e  i n  a i r  at

I
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a leve l of 4.6 mg/rn
3 
over a period of 90 days. Fel’dman and

Bonashevskaya ( 7 )  de tected proliferation of lymphohis t iocy t ic elemen ts in

the interalveolar walls and in the peribronchial and per ivascu lar  spaces ,

as well as moderate hyperemia in rats during a 3—month study in which the
an imals were exposed continuously to 1 or 3 mg/rn

3 formaldeh yde.

Stomach

Human beings as well as animals can tolerate relative ly large amoun ts

of formaldehyde by the oral route (5). Yonkman et al. (55) observed no

si gnificant toxic effects in humans from ingestion of 22 to 200 mg each

day over a period of 13 weeks . Mild phary ngeal and gas tric di scomfor t

wer e expe r ienced when the formaldeh yde reached a concentration of 1:2500 :1
to 1:3500. These effec ts were not experienced , h owever , if the dosage

was diluted sufficientl y (approx. 1:7000).

Live r

Fel ’d man and Bonashevskaya ( 7 )  ob served the fol low ing changes in the

livers of rats exposed to 1—3 mg/rn
3 f ormaldeh yde in air over a period

of 3 month s: pol ymorphism of nuceli , a pro fusion of binuclear cells

sur rounding the tr iad s, and focal hyperplasia.

Kidney

Focal chroni c i n f l a mma tory cha nges were observed in the kidneys of

gu inea pigs and rats exposed to 4.6 mg/rn
3 

formaldehyde for 90 days , but

the inve st igators we re unce rtai n whe ther the e f f ec ts were ac tu a l l y due to

the f ormaldehyde treatment (53). ‘In ano ther study, the kidneys of ra ts

subjec ted to concentrations of 1 and 3 mg/rn
3 over a 3—month period

exhibited dilated vessels in the juxtamedullary zone of the cortex .

Lower concentrations of the gas caused no adverse effects (7).

I
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t~ ’m ‘~~~ m,’, ’ , ’h , u t u mi d  ma , u m l  u c ’ s ’ eI  su i t  c ’ m m i s  i,’ , ’ e ’ h , ;  . A m , ’, c ’nci  ~ s s i m p  , u~ mit 1 tut u C e ’
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for 35 weeks. A group of control .‘iut i ma is was sacrific ed amid e’xarniuwd

a f tt’r 82 weeks . No tumors ws’ ri’ f ou mm i d i n  any  of C h ’  I rea ted m i c e ’ or

s’oflt  ro Is. Bass 1 —ct’ I I  h ype ’r p l s a l  it , squ amn o u s— ci ’ I I  met t i p 1 a s i  a , suid

a t  ra t  if icat  i out were observed i ti 45 of 120 animals exposed t o  forms I tle ’l uy de

In an e ar l i e r  c n r c i n o g e ’n i c i t v  s t u dy ,  Watanabe i’t a l  . ( 5 h )  i mi j ’ct i ’d

r a t s  sc w i t h  I ml of 0.4% aqueous fo rma l  dt ’h y de so l o t  ion omice each week

for 1. mont ha • m l  i’C t i on —s i tt’ au mr coi uua s were found i n  f o u m ’  aii i ma 1 mu 2— 5

months  if  ti ’r t er m i  mit  i o n  of the  i nj i’c t I ons .  Thi ’ee ’ u - ti Cs  had sp i mid Ic c e ll

sarcomas; one rat lund a “ f i b rous ” sarcoma . One’ of  the  sp i m i d l e  c e l l

sarcomas h~ d undergone  24 transp i tints :it th e t I ’m’ of t he  au t h o r s ’ r epor t

The si gn i f  icance of inc r eases  i n  organ wi’ i gl u t s  f o r  u t i  C let oat’s

observed b y Co fmek ler ( S i )  shioti  Id  he’ mu t  iul I etl f u r t hi ’  r f r o m  the  at  ~-u uid po I rut

of c u u r c i n o g e n i c i t v ( i ) .
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IV . Sl (N IF1CAN’l’ PHYSICAL ANI) u, ’UFM I C A I ,  l ’ROi’E R ’l ’  I ES

I” e mm ’ im m ui I ,Ie ’iI vsle ( lIt ’l!O) I a s ~~c m i  c i t  I e ’~ u , ;  ~ , m m u  t i C c m m tt m m u t t u  v I eimipc ’m a t  i i m e ~~ . It

ha mu :1 punge’u i t  so t  I e t~’ .i I I mi g c u s t o t ’ • C m i  ( i i i ’ i’ u i po t  pIt t ;  m m , ’ , i t  c x  m m m l ut a tm ~m

Ii iO iicl iul e ’t ’ I, I”M~ . I iuipium ’ t mi m iC ,‘I ui’uii i c’ s l  h i d  ~m t u\’  s m c :i I p F t u 1 ) e ’ u t  I c ’S tim e ’ g m v e ’m t i i i

i’, i t m h i ’ I . ‘i’l i e ’ pu ;’,’ • e l m - i’ ,~a m u i ut m l  t i l t  I c ’ e ’V c ’ t  t lie ’ t e .mml l m e ~i 5 t  ti m- ,’ i _ m i i ~’,e ’ s e t

80 ’- 1(1(1 0 
C. A t  E d i t m u m u  I e ’iuipt • m ’ ;m C tin s , h i c m W e ’ V c ’i  , I o h  i ’ i mm c u I 5’u i t  I cii si,’c ’ m i ; -s mm I *1W i v

w i t  Ii t i l e ’ I ot ’mm ia t I c iii s i t  p 0 t  ‘5’ o x v m m u e ’C I u i ’  I e ’m ie ’ iii C lue ’ I s u i i i t  i m t  I w h i t ’ ’ I I l i m u c i i i

wa l l s  c i  m s u su mmu mm l ie ’ log  t iu m ui g a l  ,‘d ci i  I i i  c o miC  m l iie u m m . S t a h l  l i t  v ‘‘I  C lue ’

i m ui m m u om mi , ’ r’ i t ;  s i c ’ lt e ’fl~1 ( ’ m uI  e m mm I re ’e ’clom im I m ciii ~ ‘ m i t  ui mmm I n at  I out . ‘I’ m - S I t e ’ mm s i t  ps i l a m

s’ o imu p cimm mi ci ‘m ( Wit t c ’ i  , :1,’ i 51$ • or ‘s i ts , ’ mu ) can i t i c  m c  t i m ; , ’ I lie ’ t i C  c c I

p c i  \‘itm e ’i i at  i out . W i t  i ’ m i s  I l ie ’ t i m m t u a  I s - o u t  ti m mml m i s m i t

‘P it t ’ ,- Iuc ’m mui m u C i v  o f  C 5~ i imt ; m I sl i ’ l t V e i e ’ l i i  l I t j u i s ’ O m m  m u m u , ’ h i t  I o i i m m i s e ’ c mi tmp I c

I m id i ,~~i I t ’d l i-u F i gum’ , ’ ‘ t i m i d de ’ m u t ’ u l I m e d  l i t  h u m ! ’  i t ’ ‘ . l i t  I m c ’s iu  l v  p t -~’ p m m  e ’ sh

,Id I it , c t meus ~u , u I ml I otis • I ou ’imia I th e ’ I u v d e ’ e ’x i s t  m u s l u t  , i  i m m c m n o i u v c i u . m t  c ’ I cm iii , m mmc l l iv I e ’i i e ’

g i v t ’
~

m i  (Mt ) F i g u r e ’  ,‘)  . A ut , ’t l c ’ m m  i i  p ; i m t c m rmumui l t i e ’ Iu i ’d c ’ , i m i s i

1m,u l v u i x v m u u , ’t iu ~’ t o ne ’ g i i’ i ’ s i I~ ( t’F) ci  low m m u o ? c ’c ’ ui h i m  we’ i g i m i  ( ( 11ON’ii ,0)xIlI

i
~

iti ’ be ’ I ou’uuui ’d cic ’p e ’m i d  h g  on t I ~ ’,d ’ tu mid ,‘cm n , ’c ’ii t m : u l  ion  c i t  I lui ~ m m , u I cu t  ci i i .

Me ’I l iv  I i ’m’ g I %‘ c’ci I i s  the ’ i t t  I t ii ’ I p a l  I om mm u u - i t  I owe ’ m ,‘ t i i t c ’ c ’ m i t  m- t ; t I s t l iu m c i t

I cit’ uuit i I i l c ’I i\ ’ il’ ’ ; l i i  g l i e ’r O O t u , ’ m d t u t  t I  I I Oi t i sm ttl t i l l  I iig I t l i ’ c i r  l i i , ’ I s m u l m u l t  i s il t  c i t

110 1 Vt uii ’m’ I s ’ ( e u it t ;  ot  I ou ’i m i :i I t i i e h i V d e~ ( PU, P t ’ , i’w ’) , w h u I cii  i m r c ’ c ’ l i m i t  m i t e ’ I i c ’lmu

Sd I ( i t  m cm l i .

Me ’( l i t u i t e m I i s  m i st i ti I I v  t i dde ’d  ( c i  uu 1 1 mm I c, in~’e ’ i t t  h u h  t I s i m m t ’ 1 10- 1 “~, C s ’

cm u’ m m m a I I mu I, l u”’ liv wt . I c u u m m u t i  I d~’ lmv iu ’ gut s  i m m  wit C i’ t  ‘1 , t hu t ’ m mm l i i i  ,‘ , mn nm uc ’ m i ’ I , m I

‘sd I l i t  I cii i  s t I I lie ’ s’cmti~ m cimiuiiI , C c ’  pu’c ’i’e ’u mt c i i ’  ms loi~ dim wit pcI  i,’ m m u e ’ m  I ,‘ ; mt  I ~m mi . I”ou’tmu i c

; i, - i e l  I s  i m ’ ; t m a  1 I v  l ’ m s ’u t t ’ t ut  itt c ’o im mt mu t ’m’ o 1 s t  I c i m i m m u m I c l e ’ I i ’ ,’ c l s ’ p m ’ e ’ p - I m t t l  i s i t  m ’ m t i m ; , m

m ’ ’ m u t e  I t o I —u I ow , ‘\ i,t ~~t m c m ii c’ I I li t ’ 1 I ~le ’It ’~’d~’ liv t i l t ,

)“ e mt ’m:i I c i , ’ i i l’ e l , ’ I ’ m  m i , i t ’ u I  , m m m  , m I mmi i gu i l i t  , d i . m u  i i i  t c ’ s ’ t  mi nt  , ge ’i mm t i s ’ u t i i ~~• ~ u ici

l i i i ,  ‘, i s ’ i de’ , i mu we’ I I a tm c i i  , m w i ci i ’ v:i m I ,‘t v s~ I mu ch ; m i t  i : i i j ’ m e m~~’ • ’ tt m u d ’ mm . i t  I mm

use d i n  t lie’ t , im mmu I n g mmm c l h m u e c m; , c i V I mi g c t I  I i i  ci t ’s , ilu ou’ , i m u m i t  i m u g mi n d W i t  t e ’ u p m  ee l  i h g

I n h r  I t ’s , ~‘ ciul gu 1 , 1  1 mig t ’ u m l mb c ’m’ 1 m u t e ’ x • t o m  lu :u ,’de ’n I t ug gc’ 1st  m m m p 1 at  ,‘mm , o l , - . i i i
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‘t’mu b l~’ I

Pr opt ’r t  i , ’s mi nd Cii:u u ’ac ’ t e’r i a t  i cu t  of  Fom ’umimi I di ’h uy de ’  ( F M )  ( I )

For mn um 1m m 1ICIIO

M o l e c u l a r  we ’ig i it  30 .03

Physical state Gas

Melting point —92 C

B o i l i n g p i nt — 21 C

Sp e c i f i c  g r a v i ty  0 .8 1 5

Relative vapor dt”ns itv 1.075 (air = I)

Sot uh i l i  t v Sc I iii, 1~’ i n  w a t t ’ m , a I colic I
and e t h e r

Color  C o l o r le s s

Odoc Pungent mind I ru’ I tat I rug

Explosive limits:

Cis 7.0—7 t’~ by volume in sir

Aqueous solo t I out Vap om’ mui tt y h~’ f I mumunuib it ’

Flash poi  rut ( c I  osed cup ) 50 C ( I  2 ’  F)
cml aqueous so lot  I cmi

Au to I gui I t I on tempe’ra C o re 410 (1 ( 806 F)
1 mg/ cu  m = 0,8 1 ppm 

~1 ppm = 1 . 2 1  mg/ni
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Table 2

Forms of Formaldehyde Polymers (1)

Range of CH2O
Polyu’triza— Content , Melting

Subs tance Type Formula zation , n Wt % Range , C

I. Linear poly-
mers (On vapor i-
zation these de—
pol ymerize to
mcnomeric formal-
dehyde gas).

Lower pol yoxymethy— HO(CH2O)n}i 2—8 77—93 80—120
lene glycols

Para formaldehyde HO(CH2O)nH 8—100 91—99 120—170
ai pha—Polyoxymethy— HO(C1120)nH 100—300 99.0—99.9 170—180

lene
beta—Pol yoxymethy— HO(C}120)nH 100—300 98—99 165—170

lene ÷H2S04 (trace)
Po lyoxyme thy lene
glycol deriva tives***
polyoxymethylene
diacetates CII3COO(CH2O)nCOCH3 2—200 37—93 up to ca
Lower polyoxymethy lene
dimeti-ty l ethers CH3O(CH2O)nCH3 2—200 72—93 up to ca

ganmia—Polyoxymethy 1 ene
(higher polyoxymethy—
lene dimethyl ethers) C1130(CH2O)nCH3 200—500 93—99 160 to ca
delta—Polyoxymethylene CH3O(CH2O)n glOO 96—97 150—170

CH2CH(OH)OCH3
epsilon—Polyoxymethy— (CH2O)n probably glOO 99.7—99.9 195—200

I ’ lene high-m olecular HO(CH2O)nH 500—5000 99.9—100 170—185
weight polyoxymethy
lenes***’*
2, Cyclic polymers (On
vaporization these do
not depolymerize).
Trioxane

( a i pha— trioxy— (CH2O)3 ‘ 3 100 61—62
me thylene)

Tetraoxymethylene (CH2O)4 4 100 112

/

_ _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
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Table 2

~s of Formaldehyde Polymers (1)

CH2O
1— Content , Melting Ace— Dilute Dilute

Wt ~ Range , C tone Water Alkali Acid

77—93 80—120 s—i vs vs vs

91—99 120—170 s—i  ds s s
99 .0—99.9  170— 180 i vds s s

98—99 165— 170 i vds ds ds

37—93 up to ca 165 i for ii i ds ds
—~10

72—93 up to ca 175 i for 11 i for n ds
‘-‘15 > 1 5

93—99 160 to ca 180 1 i i ds
96—97 150— 1 70 1 i i ds

00 99.7—99.9 195—200 i i
99.9—100 1 70—185 i i vd s vds

100 61—62 s s s s

100 112 s s s a

Ii

Ii
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‘i’able ’ I

Use’s s i t  Form.’mI ule ’ imvde  ( I

P l to n cm t i c  no s i n s  ,‘ “‘
~ -

Ur , ’a — forma l deltvde ri ’ si  nut ‘ S

P o l v m i c c t ,i l r e s i n s  8

M e l u m m i n t ’

P o n t a o r v t h r i t o l  7

lie xmimetltv lon e  t o t  r a m i  no It

F e r t i l i z e r s  S

Acc’t v l e u i i c s

Exports amid m i s c e l l a n e o u s 14

Totum 1 I 00’~

i i
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Formaldeh yde Toxicity — Matrix

System Acute Treatment Subchronic Treatment Chronic Treatment
or (inc lud ing in (Short—term tests , (Long—term tests , up to

Effect vitro tests) up to 90 days) 2 years or lifetime )

1. Flematolog ic o Loss of oxyge n o None Reported o No adverse ef fec ts
combining power (53)
( RBC)(4 )

o Loss of selective
p e r m e a b i l i t y
( R B C ) ( 4 )

2. Bone Marrow o No effects o No effects reported o No effects reported
r epor t ed

3. Immunologic  o None Reported o A l l e r g en i c  o Al le rgen ic
E f f e c t s e n si t i z a t i o n  and s e n s i t i z a t i o n  and

de rma t i t i s  (46 ,49 , d e r m a t i t i s  (54 )
50) (See No. 7)

-1
4. Central Nervous o Optical chronaxie o Change s in responses o Local focal

Sy stem (CNS ) changes ( 6)  of evoked potential prolifera t ion of
o Changes in of optic cortex (11). glial elements in

cerebral o Decrease in overall parie tal area of
electrical EEC of various brain cerebral cortex;
ac tivity (7) structures (11) oligodendrocyte and

o ‘Ce ntral o Epilep togenic foci astrocyte satellites
nervous system in olfactory (7)
depressi on (8) analyzer (12)

o Decreased o Paroxysmal responses
nasopala tine in olfac tory bulbs
nerve response (12)
(10) o Changes in responses

o Depression of of induced
hi gh frequency — po tent ials in visual
induced activity center of the brain
in olfactory (12)
structurem~ (11)

o Persisten :
stress rhythm in
cortex and limbiesu
b r a i n  structure s
( 11 )

o Adverse effec t on
cortical medial
nucleus ( 11)

o Inhibiti on of
respiration (14)



Formmm 1 de hm y de Tox I c ,’ i t  v — M a t r i x

bronic Treatm en t  C h r o n i c  T r e a t me n t  P r e d i c t i v e  Tes ts

~ t—t i ’rm t e s t s , (Long—term tests , imp to End po i n t s  Recomumu ’iide’d
,o 90 days) 2 years or lif e tim e )

~~ne R e p o r ted  o No a d ver se  e f f e c t s  None Non e
( 5 3 ’ )

effects reported o No m ’ f fec t mm rc’ por t  i’d None Noum u ’

I c  o Al  I et- geni  c Al  I c ’u ’gen i c a .  l mm nt mmm ol  o g i c a  I
fls i t  I Za r ion  and semi s i t I z a t  ion  min d Sp f l m , m  I t i ‘,,,i t i o n  t e s t s
rmnat i t i s  (46,49, di’rmat it is (54 ) (corrol .‘m t o s  b.  A l  I ‘r~t v t est s
) (See No. 7)  W i  t h i  comb n it  i ~en ( pat cli test mm ’ )

wi  t h i  m t i e t i m y l
gr o m u p .’m i n
p r o t e i n s  ( sOt ’
No.  7 h ’uc ’ l ow) )

enges i n  r esponses o L o ca l  f o c a l  lm i d t i cc ’d  a .  ln d t m c e  p o t e n t  i i i

evoked p o t e n t i a l  p r o l i f t ’ r m m t i o n  of  p o t e n t i a l s  i n  t e st
o p t i c  c o r t e x  ( I I ) . g i i i i  e l em e n t s  i t  v i s u a l  c e n t e r  of
re mu s ”  i n  ov e r m m l 1 par  i e t a l  a re a  of bra  i n  — c l m a n ge s

of var i o u s  b r a i n  c’e ’reh r ,’m l c o r tex ;  ( s u h c l m r o n i c )
r u c t m u r e s  ( 1 1 )  ci i g o d e n d r o cy r e  and
i l ep t o g on i c  foc i a st r o c y t e  s a t e l l i t e s

o l f a c t o r y  ( 7 )
alyzer (12)
oxysma l r ’sp ofl se’s

olfactory h es m lhs
2)
enges i n  responses
lfl (ltICed

tentia ls in visua l
ter of the brain

2)

I 

~~
-, -:,,,, :~~~:_ ~~~~~~:i~ iz:.— ----- -



Formaldeh yde Toxici ty — Matrix (Cont.)

System Acute Treatmen~’ Subchronic Treatment Chronic Treatment
or (inc luding in (Short—term tests , (Long—term tests , up to

Effect vi tro tests) up to 90 days) 2 years or lifetime )

5. Behavioral o None reported o None reported o None reported
E f f e c t s

6. Cardiovascular o Hypotension (14) o None reported o Focal inflammatory
Effects o Circulatory change s in heart

c o l l a p s e  (8) (53)

7. Biochemical o Increased liver o None reported o Decreased liver
and alkaline glycogen ( 7 )
Histochemical phospha tas e
Effects activity (16,17)

o Dec reased
nicotinatnide—
adenine coenzym e
con ten t  of
spermatozoa
in vi tro ( 19)

o Inhibition of
live r glutainic
dehydrogenase
and heart lactic
dehydrogenase
in vi tro (18)

o I n h i b i t i o n  of
spermatozoan
motility in
vi tro (19)

o Comb ination with
me thyl groups
in proteins (8)
(See No. 3)

o Formation of
irreversible
heme— linked
group w i t h
hemog lobin (14)

o Hyperg lycemia
( 14)

o Acidosis (2 )

/ 7
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Formaldeh yde Toxicity — Matrix (Cont.)

chronic Treatment Chronic Treatment Predictive Tests
Ort—term tests , (Long— term tests , up to End points Reconunended
to 90 days) 2 years or lifetime)

None reported o None reported None None

None reported o Focal inflammatory- None None
changes in heart
(53)

None reported o Decreased liver Combination Protein synthesis
glycogen (7) with methyl inhibi tion

groups in
proteins

2
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Form aldeh yde Toxici ty — Matrix (Cont.)

System Acute Treatment Subchronic Treatment Chronic Treatment
or (including in (Short—term tests , (Long—term tests , up to

Eff ec t vi tro tes ts) up to 90 days) 2 years or lifet ime )

8. Effect on o Skin. Irritation o Skin. None reported o Skin. Inflammation ;
Organs and and anesthesia suppuration (1);
Tissues (8) Damage to

fingernails (1)
o ~~~~~~~~~~~ Irritation o ~~~~~ 

Lachrymation o ~~~~~~~~~ . None reported
and lachryma— and discharge (9 )
tion (16 ,20)
Intraocu lar hy-
per tension and
protein leak-
age across blood—
aqueous barr ier
(22) Coagulation
of corneal sur face
(5)

o Nose. Irritation o Nose. None reported o Nose. None reported
and severe
burning (5 ,16)

o Larynx . o Larynx. None o Larynx . None
Irr itation, reported reported
burning, edema ,
spasm (8)

o Trachea. o Trachea. None o Trachea. None
Irritation and repor ted repor ted
burning (5)
Ciliastasis (23 )

o Bronchi. o Bronchi. None o Bronchi. None
Bronchitis repor ted repor ted
(8 , 15)

3
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Formaldehyde Toxici ty — Matrix (Cont.)

Subchronic Treatment Chronic Treatment Predictive Tests
(Short—term tests , (Long—term tests , up to End points Recommended
up to 90 day s) 2 years or life t ime)

on o Skin. None reported o Skin. Inflammation ; a. Skin a. Draize test
suppuration (1); irritation
Damage to b . Eye b. Draize test
fingernails (1) irritation

on o ~~~~~~~ Lachrymation o ~~~~~~~~~~~~ None reported c. Lung c. Lung function
and discharge (9) changes test

d. Ciliary motion
test

II

- 
ice

~n o Nose. None reported o Nose. None reported

o Larynx. None o Larynx . None
repor ted repo rted

o Trachea. None o Trachea. None
repor ted repor ted

)

o Bronchi. None o Bronchi. None
repor ted repor ted

3
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Formaldeh yde Toxicity — Matrix (Cont.)

Acute Treatment Subchronic Treatment Chronic Treatment
cm’ ( i n c l ud ing  in (Short—term tests , (Long—term tests , up to

Eff ect vitro tests) up to 90 days) 2 years or lifetime )

S. -:ff ,~~ t on o ~~~~~~~~~~~~ ~~~~~~~~~~~~ None reported o 
~~~~~ 

Hyperemia (7);
Organs and Increased Interstitial
Ti ssues resis tance to inflammat ion (53 )
(Cont.) airflow (26,27) Prolifera t ion of

Increased t idal lymphohis t iocy t ic
volume (26 ,27) elements in alveolar
Decr eased wall s (7)
resp i ra tory ra te
(2 6 , 27 )
Decrease in
minute volume
(27 )
Irritation (25)
Hyperem ia
( 15 , 25)
Hemorrhage
(15 ,24 ,25)
Edema (15 ,24 ,25)
Alveolar damage
(24 )
Other lesions
(2 5 )

o Stomach. o Stomach. None o Stomach. Irritation
In f l ammat ion  reported (55)
and ulceration
(8); Pain (2,8).
Hemateme s is
(2 ,8); Corrosive
damage and
s tric tu res (8)

o Intestines. o Intestine . None o Intestines. None
Initial reported reported
inhibi tion of
movement
fol lowed by
increased tone
and amplitude
of contraction
(14)

4 
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Formaldehyde Toxicity — Matrix (Cont.)

bronic Treatment Chronic Treatment Predictive Tests
rt— term tests , (Long—term tests , up to End points Recommended
o 90 days) 2 years or l i f et ime )

, . None repor ted o ~~~~~~~~~~~~ Hyperemia (7);
Interstitial
i n f l ammat ion  ( 53)
Prolifera tion of
lymnphohistiocytic
elements in alveolar
wal ls  ( 7)

Lomach. None o Stomach. I rr i t a t i o n
~por ted (55)

stestine . None o Intestines. None
por ted reported

I

u
_i-
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Formaldehyde Toxicity — Matrix (Cont.)

Sy stem Acute Treatment Subchronic Treatment Chronic Treatment Predicti
or (inc luding in (Shor t—term tests , (Long— term tests , up to End point

Effec t vitro tests) up to 90 days) 2 years or lifetime)

8. Effec t on o Liver. o Liver. None o Liver. Focal
Organs and Hyperemi a , repor ted hyperp lasia (7)
Tiss ues perivascular Profusion of
(Cont.) edema, necrosi s binuclear cells

(15) surro unding the
triads; nuclear
pol ymorphism (7)
Ac tiva tion of
re ticuloendothe lial
system elements (7)

o Kidneys. o Kidneis. None o Kidneys. Focal
Hyperemia ( 15 ,25 ) repor ted inflamma tory change s
Perivasc ular (53); Dilated vessels
edema (15) in juxtamedullary

zone of cor tex ( 7)

5 
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Formaldeh yde Toxicity — Matrix (Cont.)

System Acute Treatment Subchronic Treatment Chronic Treatment Predic
or (i ncl uding in (Short—term tests , (Long—term tests , up to Endpoi

Effect vitro tests) up to 90 days) 2 years or l i f e t ime)

8. Effect on o Uterus. a Uterus. None o Uterus. None
Organs and Hemorrhage , repor ted repor ted
Ti ssues edema , nec rosis
(Cont.) of endometrium;

in j ury to
mnyometrium
pol ynuc lear
infil tration ;
obli tera tion of
cavi ty  (30)

o Bladder. o Bladde r .  None o Bladder .  None
In flamm ation, repor ted reported
edema , necrosis;
Adhesions to
viscera
Transmu ral
inflammation ,
mucosal
ulceration ,
hemo rrhage (31)
Coagula tion
necrosis (32)
Leucocytic
infiltra tion ,
hemorrhag ic
cys ti t i s ,
destruction of
transitional
ep ithelium (32)

o Gonads. See o Gonads — None o Gonads — None
Reproduction and reported reported.
Teratogenic
Ef fec ts

6
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Formaldeh y de Tox ic i ty  — Matrix (Cont.)

System Acute Treatment Subchronic Treatment Chronic Treatment Predi
or (inc luding in (Short—term tests , (Long—term tests , up to End p

E f f e c t  v i t r o  t e s t s)  up to 90 days)  2 years or lifetime )

9. Cytolog ic and o Coagulation of o None reported o None reported None
Cy togene t ic ce ll u lar
Effects proteins (8)

o Caryorhexi s and
pykno tic nuclei
in ep ithelial
cell s of bladde r
and uterus
(30 ,32)

o Cy tocidal e f f ec t
Ehr l i ch—
Landsch ut z (ELD )
di p loid asci tes
tumor cells  in
vitro (34)

o SMr and Trp +
mutations in
Escherichia coli
(35)

o Mut ation in
Drosophila
melanogas ter
(36 ,37)

o Adve rse e f f e cts
on mouse
neuroblas toma
cells in vitro
( 13)

10. Molecular o Interstrand a None reported o Enlargement and None
Effec ts cross—links in rarefaction of RNA

DNA of E. coli granules in liver
in vitro (38) cells ( 7)

/ 
7 
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Formaldeh yde Toxicity — M a t r i x  (Cont.)

tironic Treatment Chronic Treatment Predictive Tests

rt—term tests , (Long—term tests , up to Endpoints Recommended

o 90 day s’) 2 years or lifetime )

one reported o None reported None None

Kone reported a Enlargement and None None
rar efac t ion of RNA
gran ules in liver
cells ( 7)

7 S.-
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Formaldeh y de T o x i c i t y  — Matrix (Cant.)

Sy s t e m  A c u t e  Trea tmen t  Subchronic  Trea tment  Chronic  Trea tment
or ( inc l u d i n g  in ( S h o r t — t e r m  t e s t s , ( Long—term t e s t s , up to

E f f e c t  v i t r o  t e s t s)  up to 90 d a y s)  2 yea r s  or l i f e t i m e )

i i .  R e p r o d u c t i v e  o T e s t i s .  o Increased  d u r a t i o n  o None repor ted
and Inh i b i t i o n  of of pregnancy ( 5 1 ) .
Te ra togen ic  spermato— Increased t o t a l  bod y
E f f e c t s  genes i s ;  wei gh t  and wei gh t s

C a l c i f i c a t i o n , of adrena l s ,
degeneration , kid neys , and thymus
and a t rop h y of of progeny (51)
tubules; Decreased lung and
Degenera t ive  l iver  wei gh t s  of
changes in o f f s p r i n g  ( 5 1 )
ep id id ymis ;  Mi ld
degene ra t ion  of
Leydi g c e l l s ;
Damage to blood
vessels  and
cap i l l a r i e s ;
Enlargement  and
gene ra l i zed
a t r o phy of organ
( 1 7)

12. Me tabo l i sm o Absorp t ion . o None reported o None repor ted
Res p i ra tory
t r ac t  absorp t ion
95— 100%! (40 )

o Biotransformation.
In vivo:
Oxida t ion to
formic acid
(major pathway);
Red uc tion to
m e t h a n o l ;
Formation of
acetic acid;
Metabo l i sm of
form ic acid to
CO or labile
me~hy1, groups;
Esterification
of some HCOOH to
methyl formate
(8 ,41 ,42 ,43)
In vi tro:
Dismutation to
formic acid and
methanol (44,45)

~ 
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Formaldehyde Toxicity — Matrix (Cant.)

tironic Treatment Chronic Treatment Predictive Tests
rt—term tests , (Long—term tests , up to Endpoints Recommended
o 90 d a y s)  , 2 years or life t ime)

ncreased duration o None reported None None
Fpregnancy (51).
ncreased total body
ei gh t arid weights
f adrenals ,
idneys . and th ymus

~f progeny ( 5 1)
~ecreased lung and
iver weigh ts oi

~ffsp ring (51)

‘one reported o None reported None None

1



For nu :u ldeh y de T~ x i ’ i t y  — Matrix (Cont.)

Sy s t e m  A c u t e  T rea tmen t  Subchronic  T r e at n en t  Chronic  Trea tment
or (including in (Short— term t.’mmt s , (Long—term tests , up t c

E f f e c t  v i t r o  t e s t s)  up to 90 d a y s)  2 y e a r s  or l i f e t i m e )

12,  M e t a b o l i s m  o E x c r e t i o n .
( C o n t . )  Some fo rmic  ac id

e x c r e t e d  in
u r i n e  ( 8)

13. Ca rcinogenes i s  o None r epor t ed  o No tumors in C3H o I n j e c t i o n  si~~.
n i ce  exposed 11 s m m r :  c r j , ’~ -~ ~‘~~i n d l e
t imes to c e l l )  in rats g iven
200 mg/ cu m ( 162 ppm ) I -ii i O. .Y aq .
HCHO in a ir  over H CH O s o in .  sc
4—week pe r iod ;  once/week for 15
Sacrificed at end of months , appea red
4th week ( 52 )  2 — 5  months a f t e r

t e r m i n a t i o n  of
i n j e c t i o n s  (56)

o No tumors in C3H m ice
exposed to HCHO in
air 0.05 mg/liter
1 h r / day  fo r 35
week s (sa cr i f i ced
at end of 35th
week) , fo l lowed
by 0.15 mg l i te r
1 h r/ d a y  for  3
t imes/week for  29
weeks ( s a c r i f i c e d
after 64 weeks) (52).

9
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F~u t’ uu ,a ~I~’h m v d t ’ T o x i c  it v — M a t r i x  (Con . )

ron Ic Trea tmnt’nt Cim ron i c Tu -ea tu nt ’imt l’ u t ~ d I c i  Vt ’ Test  mm
t— t e r m  to st s • (Long—term test mm , up t ii End p oint s Recommend ed

90 div ~) 2 vu ’i rs um u’  l i f e  t i me )

t umors  i n  ~~
‘ 3 11 o I n  ice t ion mu i N’ None None

ce exposed I I  s ar c o ma s ( sp i n d le

~es t o  c c l i )  in rat mu given
0 mg/cti m ( ~~ ppm) I m l  0 .4% aq
HO i n  i i  r over HCII O m m o l  n •

~~~~~~ per i 0(1; oimct ’/wt ’t ’k for I S
cr iii cod at end of m o n t l m s  , appezlr e(l
h week (52) 2 — 5  m on t h s  a f t e r

t t ’rm i nation of
i n ~ t’ctions (56)

o No t unmou~s in Clii mic e
oxpost’d t o IICIIO in
air 0.05 mg/liter
1 h r/day icr ‘35
week s (sacri ficed
at end of ‘35t l ~
week’), fol l owt’d
by 0.15 mg I i t er
I hr/day for 3
t l int ’s /week for 29
weeks ( s a cr i  f iced
after 64 w e ek s )  ( 5 2 ) .

9
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Toxi city of Nitrogen Oxides — Matrix

System Acute Treatment Subch ronic Treatment Chronic Treatment Pr~
or ( i n c luding in (Short—term tests , (long—term tests , up to En~

Effect vitro testsT up to 90 days) 2 years or lifetime )

1. Hema to log ic o Leucocytes a Leucocytes No o Leucocytosis which 1.
Effects significant change (33) receded with

decrease in cessa t ion  of exposure
number (2) (71)

o Hemo&lobin No o Hemog lobi n No change o Hemoglobin de creased
change (1) (rat) (33) (dog) (71)

No change (dog )  ( 7 2 )
o Pla te le ts No o Pla tele ts None o Pla tele ts Non e

change (1) reported Reported .
o Me themog lobi n a Me themog lobin (46)

increased (6—8) o Polycy them ia (45 )

2. Bone Marrow o None Reported o None Reported a None Reported.
Cha nges

3. Immunolog ic o Positive o Positive reaction to o Positive reaction to 1.

- - Effect reaction to aerosolized antigen aerosolized anti gen
ae roso l ized  (seve re anaphylaxis) (severe anaphyla xis) 2.
antigen (Severe (47) (47,7 1)
dyspnea) (9) o Antibod y production

inhibited (13 ,14 ,16 ,
17 ,19 ,74 ,75)

o Increasd a Increasing a Increased
suscep ti b i l i ty to suscep t i b i l i ty to suscep t i b i l i ty to
infection (10—21) infection (high infection (hi gh

mor ta l i ty )  (48 ) morta li ty) (76 )

—- -~~ 
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Toxic i ty of Ni trogen Oxide s — M a t r i x

‘chronic Treatment Chronic Treatment Predictive Tests
ort—term tests , (long—term tests , up to Endpoints Recommended
to 90 day s) 2 year s or l i f e t ime)

Leucocytes No a Leucocytosis which 1. Leucocytosis 1. Complete CBC ,
chang e (33) receded with differential ,

ce ssa t ion of expos ure hema tocri t
( 71 )  

-

Hemog lobi n No change o Hemoglobin decreased

~~~
) (33) (dog) (71)

No cha nge (dog) (72)
Pla telets None a Platelets None
repor ted Reported .

~Iethemoglobin (46)
-Pol ycy themi a (45)

Mone Reported a None Reported. None None

Positive reaction to o Positive reaction to 1. Hypersensi— 1. Immunological
aero solized anti gen aerosoliz ed anti gen t ivi ty tes t s
(sever e anaphy laxi s) (severe anap hy laxis) 2. Increased 2. Mouse infectivity
(47) (47,71) suscepti— test

o Antibod y production bility to
i nh i b i ted ( 13 ,14 ,16 , in fec t ion
17 ,19 ,74 ,75)

~ncreas ing a In c reased
lusceptibility to susceptibility to
Lnfec tion (hi gh i nfection (hi gh
iortali ty ) (48) mortalit y ) (76)
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Toxici ty of NitrQ gen Oxides — M a t r i x  ( C o n t . )

Sys tem Acute Treatment Subchronic Treatment Chronic Treatment
or (inc luding in (Shor t—term tests , (long— term tests , up to

Effec t vitro tests) up to 90 days ) 2 years or life time)

4. Cen tral Nervous a None Reported a None Reported CNS disturbances
Sys tem (CNS) (human) (32)

5. Behavioral o None Reported o None Reported a None Reported.
Effec ts

6. Cardiovasc ular o Hypo tension o None Reported o None Reported.
Effec ts accompanied by

decreased
cardiac output
and stroke
volume ; systemic
acidosis out of
propor tion to
the rise in
arterial CO
pressure . (~ 3)

7. Bioche mical and o ~~~~~~ . a ~~~~~~~~~ o
Histochemical o Elevated a Elevated Lactic
Effec ts Peroxidation dehydrogenase and

(24), Lac tic aldolase (28,49 ,50);
dehydrogenase Peroxida tion . (34)
(28 )

o Depressed o Depressed Total
Ca talase (25 ) , sa tura ted phospha—
glucose li p id fa tty acids
metabolism (26) (77)

o No Change ,
Cathepsin (27),
benzpyrene
hydroxy lase (29 )

a Chroma tographic
shif t of lactic
dehydrogenase to
anaerobic band 5
(14 ,18)

2
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‘ “
~

city of Nitro gen O x i d e s  — Matrix (Cont.)

nic Treatment Chronic Treatment Predictive Tests
term tests , (long—term tests , up to End po in t s  Recommended
0 days) 2 years or life time )

Repor ted CNS distu rbances None None(h uman ) (32)

Rep orted a None Reported. None None

Repor ted o None Reported. None None

o 
~~~~~~~~~~~~ 1. Lung damage 1. Li pid per oxidase

ted Lac tic test
i’ogenase and
ase (28 ,49 ,50);
:ida tion . (34)

o Depressed To ta l
saturated phospho—
li pid fa tty acids
( 7 7 )

2
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Toxici ty of Nitrogen Oxides — Matrix (Cont.)

System Acute Treatment Subchronic Treatment Chronic Treatment
or (inc l uding in (Short—term tests , (long—term tests , up to

Effec t vitr o testsT up to 90 days) 2 yea rs or lifetime )

7. Biochemical and o Blood o Blood o Blood
Histochemical Elevated Serum Elevated D—2 ,3— Elevated Serum
Effects lactic diphosphog lycera te iuunnunog lobulins (74);
(Cont.) dehydrogenase (51) li poproteins ,

(28 ) , aldolase choles terol and
(28). albumin (human) (32)

o Depressed ca talase o Depressed serum
ac tivi ty (52) albumin (71)

o Chromatograp hic
shif t of la ct ic
dehydrogena se to
anaerobic band S
( 14 ,18)

No Change a lka l i ne
phospha tase ( 7 2 )

o Liver o Liver.
Eleva ted Lactic Elevated Lactic
deh ydrogenase deh ydrogenase and
(28) aldolase aldolase ac tivit y -

ac tivi ty (28) , (28,49 ,50)
Q0

2
Insi gnifican t
(28)

o Kidney o Kidney 0 Kidney None Reported.
Eleva ted Lactic Elevated Lactic
deh ydrogenase , deh ydrogenase
(28) aldolase ac tivity and Q0

2(28) , Q0
2 

(28 ) (28 ,49 ,50)
o Depressed Aldolase

ac tivity 28,49 ,50

o Sp leen o Sp leen o Sp leen None Reported.
Elevated Lactic Eleva ted Lactic
dehydrogenase , deh ydrogenase ,
(28 ) , aldolase aldolase and
(28), QO

2 
(28) Q0

2 
(28)

3

~
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xici ty of Nitrogen Ox i des — Matrix (Colit .)

ironic Treatment Chronic Treatment Predictive Tests
t—term tests , (long—term tests , up to End p oint s Recommended
90 day s) 2 y ears or lifetime )

ood a Blood 2, Eleva ted IC 2. Immunolog ical
eva ted D—2 ,3— Eleva ted Serum (possibl y te sts
phosphog l ycerate immunog lob ulins (74) ; correlates
1) li popro tein s , wi th

cholesterol and hematolog ic al
alb umin (human) (32) effects)

pressed ca talase a Depressed serum
tivi ty (52) albumin (71)

No Change alkaline
phospha tase ( 72 )

icr .

~va ted Lactic

~ydr agenase and
~olase ac tivity

~,49 ,50)

a Kidney None Repor ted.
vated Lac tic
ydrogena se
ivi ty and QO

21 ,49 ,50)
ressed Aldolase
ivity 28 ,49 ,50

ecu a Sp leen None Repor ted.
vated Lac tic
ydrogenase ,
Diase and

(28 )

1

3
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Toxicity of Nitrogen Oxides — Matrix (Cont,)

System Acute Treatment Subchronic Treatment Chronic Treatment
or ( i nc luding in (Short—term tests , (long—term tests , up to

Effec t vitro testsT up to 90 days) 2 years or l i f et ime)

7. Biochemical and o Heart o Heart None Reported o Heart None Reported
Histochemical Chromatographic
Effec ts shift of lactic
(Cont.) dehydrogenase to

ana erobic ba nd 5
( 14 , 18)

8. Body Wei ght , o Body wei ght , o Body wei ght No o Bod y wei ght
Ocga ns Wei ght loss dose difference between Significant decrease

re la ted  ( 1 ,3) experimental and (several species
control m d .  rats).
animals  (3 , 52) (71 , 78 , 70)

o No change ( r a t s )
- ( 13 , 72 )

o Pulmonary Effect o Pulmonary Effect o Pulmonary Effec t
Function . Function None Function . Increased
Increased reported. resp iratory rate
resp iratory (80): decreased
rate ; decreased tidal volume (80).
t i d a l  volume and No change in
pu lmonary resp ira tory f l ow
d i f f using res is tance (73 ) ,
capacity Q0

2 
( 7 2 )

(reversible)
(18 , 30—32)

o Pa tholog ic. a Patholog ic. a Patho1ogj~ç~.
Edema , Perivascular Bronchiolar -

ep ithelial chronic inflammation (59),
degenera t ion , i n f l a mma t ion , hype rp lastic and
in f lammat ion , hyperp l a s t i c  and hy p e r t r o ph i c  changes
abnormal mas t hypertrophic (81 ,82), c e l l u l a r
ce l l s , changes , c e l l u l a r  a b n o r m a l i t i e s
in terstitial abnormalities, (45,81—83 ), abnorma l
fibrosis , he morrhage , abnor mal co l l age n f i b r i l s
hemorrhage , c il iogenesis , (65), emphysematnus
mi tochondrial  abnormal collagen chan ges (53 ,84 ,86) ,
loss in alveola r f ib ril s (3 ,33 ,38 ,49, abnorma l ciliog enesis
cells , 52—62) (83)
inhibi t ion and
loss of cilia in
alveol ar
ep ithel i um
(2 , 3 , 23 , 18 , 33—38 )

(
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- 1

:i ty  of N i t r o g e n  Ox i des — Matrix (Cont.)

sic Treatment Chronic Treatment Predictive Tests
term tests , (long—term tests , up to Endpoints Recommended
D days) 2 years or lifetime )

t None Reported a Heart None Reported 

wei ght  No o Bod y wei ght
erence between Si gnificant decrease
r iinental and ( s e v e r a l  species
rol m ci. rats ) .
u s (3 , 52) (7 1 , 78 ,70)

o No change (rats)
( 13 , 72 )

onary Effect a Pulmonary Effec t 1. Lung damage 1. P u l m o n a r y  adema
tion None Func t ion . Increased tes t  ( l a b e l l e d
rted. resp irat ory rate albumin)

(80) :  decreased
tidal volume (80).
No change itt

resp ira tory f l ow
resistance (73),
Q0

2 
( 7 2 )

piogic. o Pathologic.
Vascular Bronchiolar
ji c i n f l a m m a t i o n  ( 5 9 ) ,

~ na t ion , hyperp lastic and

~plastic and hyper troph i c  change s
trop h i c  (81 ,82), cellular
es , cell u lar abno rmal i t ies
mali ties. (45,81—83 ), abnormal
rhage , abnorma l col lag en f i b r i l s
genesis , (65), emphysematous
a1 collagen changes (53,84 ,86),

is (3 ,33,38,49 , abnorma l ciliogenesis) (83)

I
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Toxicity of Nitrogen Oxides — Matrix (Cont.)

System Acute Treatment Suhchronic Treatment Chronic Treatment Pt
or (inc ludi ng in (Short—term tests , (long—term tests , up to Es

E f f e c t  v i t r o  tes tsT up to 90 days)  2 years  or l i f e t i m e )

8. Body Wei ght , Vasc u lar Vasc u la r Pe rme a b i l i ty Vascular Permeability
Organs Permeability and Edema formation and Edema formation
(Cont.) and Edema (38 ,65 ,66) (55 ,59 ,72 ,79 ,81 ,87Y

~~rmation (32,39) Humans decrease in
v e n t i l a t o r y
per formance  in one
stud y (88) but  not in
others (32)

o Liver. In vitro o Liver No adverse a Liver No adverse
growth e f f ec ts seen ( 5 2)  e f f e c ts seen ( 59)
inhibition

/ ( l i ve r ce l l s)
(40), cellu lar
abnormalit ies
( 18)

o Kidney. Edema o Kidney None Repor ted o Kidney No adve rse
and lymphocy t ic e f f e c ts seen ( 59 )
i n f i l tra t ion ,
glomeralae
abnormal i t i e s
(18); No effec t
on bod y wei ght
to kidney wei gh t
ra t io ( 1)

o Spleen. None o Spleen None Repor ted a Sp leen No adv erse
Reported effects seen (59)

o Heart. o Heart None Reported o Heart No adverse
Interstital effects seen (50)
f ibros is  and
edema ( 18)

(

5
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Toxici ty of Nitrogen Oxides — Matrix (Cont.)

System Acute Treatment Subchronic Treatment Chronic Treatment
or ( i n c l u d i n g  in ( S h o r t — t e r m  tests , (long— term tests , up to

Effect vitro testsr up to 90 days) 2 year s or l i f e t i m e)

8. Bod y Wei ght , o Skin None o Skin None Reported o Skin d isorde r 32
Organs Reported
(C o n t .)

o Other organs o Other organs.
Eye and nose Trach ea , lymph ,
irritation (3), adrenal , thyroid ,
change in dark panc reas , duodenum ,
adap tion (h uman ) b ladder , brain , not
(3 ,28 ,41) a f f e c t e d  ( 7 2 )

9. Cy tolog ic and o None Reported o No adverse effec t on o None Reported
Cytogenet ic  m i t o s i s  of a lveolar
Effec ts ep ithelial cells

(67 )

10. Molecular o Protein molecular o None Reported o None Reported
Effec ts structures of

collagen and
elas tic altered
(42 )

11. Reproductive o None Reported a Adverse effects on o None Reported
and geni ta l  func t i on
Teratogenic (68,69)
Effec ts delayed littering

( 52)

6
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Nitrogen Oxides — Matrix (Cant.)

~atment Chronic Treatment Predictive Tests

~sts , (long—term tests , up to Endpoint s Rec ommended
2 years or lifetime)

Repo rted o Skin disorder 32

o Other  organs.
Trachea , lymph ,
adrena l , th y r o i d ,
pancr eas , duodenum ,
bladder , bra in , not
affected (72)

e f fec t on o None Repor ted None Non e
F alveola r
I cells

rted a None Reported None None

ffec ts on a None Reported None None

unction

ittering

1

6
/
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T ,,x i C j t v  of N i t r o g e n  Oxides  — Matrix (Cont.)

Sy s t em  Acu te  Trea tmen t  ~~i~’cltronic Treatment Chronic Treatment Pre~
or (including in ( S h o r t — t e r m  t e s t s , ( l o n g — t e r m  t e s t s , up to End 1

Effect vitro test s ’ up to 90 days) 2 years or lifetime )

12. Metabolism a In human ~~i ~~ o Inc reased  e x c r e t i o n  a None Reported
o f ox ’ - - of a lbumi n , al ph a - .

‘~~~~~
s
~~~~~~n was b e t a —  and gamma

a ” ’~’ ~~~~~~ d u r i n g  g l o b u l i n s  i n  the
n- ’rmil  u r i n e  ( 7 0)

• n t i l a t i o n  and
more than  90%
d u r i n g  per iods
of maxima l
ventilation
(43 ,44) ,
g lycol ys i s  was
s t i m u l a t e d  h u t
s t i m u l a t i o n  was
not p e r s i s t e n t
(25 )

I 1 . Carcinogenesis o None Reported o Adenomatous o Type of tumors
p r o l i f e r a t i o n  of produced in r a t s ,
b ronch ia l  and Sp i n d l e — c e l l  and
bro nchiolar  t iss ue gang lioneuronta of
(m i c e )  (48) adrena l (29 , 72 .80 .

89 , 90)

- ---_ -~~~~~~~~ - - —~~~~~~~~~~~~~~~~ -‘ _- 5--T~—’ ~~~~~~~~ - _ -— - — - . -~~~~~~~~~~ ~~~~---‘-~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~



_ _

~ 
of Nitrogen Oxides — M a t r i x  ( C a n t . )

Treatment Chronic Treatment Predictive Tests

• tests , 
(long—term tests , up to End points Recommended

~eys) 2 years  or l i f e t i m e )

~ed excretion o None Reported None None

~min , al pha — ,
m d  gamma

~.ns in the -

(7 0)

I

tatous a Type of tumors None None

~era t ion of prod uced in ra ts ,
iial and Sp indle—cell and

iiolar tissue gang li ofleuroma of

) (48) adrena l (29,72 ,80 ,
89 ,90)

I 
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I . i N t R O D U C T I O N

l’ltor~’ I S  amp i s ’ i’V j iI( ’ t i I ’i ’ t O  5110W 1 ha I n i t  m o g o n  ox i 4, ‘; p iosti t s i i l v i ’ m so

e f f ec t s  on o xp~’t in t e n t  at an inl :i I s  and llt itu :lmi , . Most ‘ I  l i i i ; ;  .vt don1’s i s

b ased on t h e  me l a t  i i~ t t ; ; t ,  p hot  Wt ’On ex p o su r e  t o  ii  i t  m o g ~~u ox u t , ’,: , t l l i I I I i i ’

i ’ su 1 t:rii t pmm l t m i o n a r v  i t - s  I tit le I t o n  C i ’mlip tt vsi ’mmm:m or li m i ’ i t i ’l i i I ‘: • o r ott  I h

p 0t  em it  I i t  I n g  ,‘ I 1 ~~e a t  such exposure on .ui i i  l t : I s t t’ pr i ’St ’nI ‘b ro i t  i

resi ’i i l l  or,’ itIs eas’

A I bough  t h e  i— s ’ : I i i’ so ~~~ t a I tx  i d i ’s ‘I  n i t  i ’  e’ ’ii p i- i ’ 5s ’Ii I in ( t . ~

i t  tnosp lti ’m’i’ (ni t r ot i s  oxido , ii j ul t m o g e n  I t  l o x  j i l t ’ , ~! i t t  I t  t o g ~~ t t  pet i t ox i~ l i ’ and

ii i t  1:1 t O  I t iUS  ‘~ !‘OS I tt ’~~ t i l t  I - i C O X  do ( NO~ am i d l i t  moc ,,’tl ,l t ox I~ 1t~ ( N O  ,~~

- m r o  p r ’;; , ‘ t i t  i n  v~’ r v otu:i I I qti an t I t I ‘s • ;1 t Is i  oX 00 p 1 I i~r 1) I I moti  s i’ x I di ’

I N .,f) art ’ not of t ox i eo lo i e a l  m l  t ’r , ’st  , h i t  om n i a t  I on L’ i t f l i ’ , ’ F t l  i t ig

I I t ’ i ’ t s of n i t  rogemi ox I di o~~ e x f t ~ ’ t intent at att I ma i s  and I m t m m m t : i i t s  i s  si ’:i r o e .

ext’t’pt t om - N~~0 .

N i t  rous  ox i d e  pos ;; ‘s;;i ’ s o t  r ou t ’ :111051 ito t i ~ :tii d :111:1 1 ~‘~~‘ i e proper I i s ’S

‘\t oo lit ’ , ’ i t t  r a t I on s o F SO ‘ ( I . i ‘i x I O~
’ tug ~~ 

1
) , ii i t r i ’ it  s ox i It ’ I

e l f  e&- t I vi ’ is :m t’ent ’r.t I ;tnest lie t Ic . I nba I :1 t ot t  01 10 - ‘0. 01 t h i s  ox t do

( I  . 8 x t O  - ) . It x lO~ tug ‘m prov I dos o floe I i vo :111:1 1 get ;  1:1 .

N i t r i c  o x i de  h a s  bo on shown to p 1L ’i l t l L ’t ’ :liIt’ t ’ls o i t  I t ’~ • t  s i i i  an i i n i i  S : i t , s i

i i t mm aiis . A I t h o u g h  no c ;lSi ’s at h u m a n  po i soiling due t o  t i i t r i  0 o x  ide h a  V

boon report i’d in  t h e  I I t era  L u  t o , i t  I s ttnilo u lt t i ’d I V inc 1 tm d i ’1 in

oceupat omt , i i exposut-o to NO . When pi ’osemi t in It I gli i’ont’t ’t it i t t  I ott ; ; ,

i l l  t r l c  O X  i i i t ~ i~~ r oad I i v  ~‘ it t i~ ’ t ’t ’ t  oil to i i i  I i-ogemt d ox i d e  • a p i o p e t t  v wit I c i t

makos i t  d i  I I t o u t t to  t’iti l t ro 1 i t  s eon - u I  rat ion s in I altora t s ’ i \’

exp ot’ m o n t  s . Exp osttt - t’ to vi ’i v It i glt O O i i L ’ I ’ t l t  i : m t  i o n s  ot n i t r i c  ox

i - . ’s i i  I t s  i n  oe n t  m a !  twm V otts s v st  I ’m e I I oe I s  • s 1 t ’ i~ t , ’ . i s~~’ itt p~ i Im o n a t - v

t i t mit ’ t i on , ti e roas’ of m e t  homog 1 oh i t t  m l i i i  oll : ’vit la I I ’  i tilt I hi t ion .

I

-
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N i t  l O ~’0 i i  d i i t x i ~ i~’ ( N I) , ) i s  by far t it e most si gnificant

h jsu l ,’~’ it - :iIiv . i t is about ‘i t m i ’s m a r t ’ t o x i c  t h a n  n i t r i c  o x i d e  and i t s

p1- 1 mna i - v ,‘ t I ,‘c t is ott the l u n g  who m-~’ i F c;t n 5—t I to r t h e  can Ii gri m a  F i on of t h t~

1 lu n g  t I s ate sIr tie t ttm.i I p t - ot 0 I u S  , ci’ ! 1:t go it  and a l a s t  i n .  I t  s sv s t i m  ic

o I I oct 5 I ii I t s ’~~’ e x t  ‘ i i , ;  iv , I is site e l t : m t i g t ’s , w e I ght t loss , bto m at o  h o g  I L ’

:tbno , t;tal i t  los ,tn ,b tilt i ‘t i t  l o ut o f  ~‘,i ’vmos  . Exposure to NO , i- i ’ s t t l  t s  i i i

I no roao~-~i o t u ’ : c t ’p t  I h i  I i t  v t o  . , t s i t  i o n .

A I t Itotig h t~~t , ’  b’ i, ’l og I ~‘ ;t 1 ~‘ I I ~~ I s i n  humans of t - t ’ ~0;) t i’d t ’ X~)OS L I I I ’ FL )

NO , ( and oF ito r ox i dos of n i t  ro gon ‘ .i r o  of i nt oi-e st , t ho roy i ow by the

comm i t  tee oti I’’ t i~t ’ sh ot Id I. in  i t  V i  l i t , ’ ( ‘rt ,v ) ( 1  Lt( , ’ ) l e d  t o  t lie (‘0110 h u ~ 011

t h a t  ~Iat a dot’ i v ’ d  I ron hu m an I nduts t m i i i  sot t I ugs wi ’r o  tot ~t u f f i  c i  our lv

pr oc  i s e  t o  I’,’ ~‘one li us i vt ’ iii sot F i ng a t hirosho 1~ ! v a t  i i i ’ f o r  n I t  rogem i

di ox i -do . At  bo~~t , t h e h uma n da t  a p e r t  : ii  ii to ox p o s t u r o s  of  8 i t o t t t ’s / d a~’ , S

Wt,’s /w,’i ’~

It t ’ 1~C5() 
v : m l t t o s  for  r a t s  and i-ahb i t s  exposed  t o NO ., (i’m - l~

mi n u t  ,‘s r anged  t rout 1 — ?  I :‘-F’4 . I ppm amid 2~ O— I!t ’+ ‘~ • ~ pIliT u , rospec’ F t I / i’ lv

(I . i l l  n~ i ’t a t  . ( ,‘ ‘I st nih ~‘d t h e  mort a h i t s ’  t i t r ’ s l i o l d  C ’n e o t t r a t i o n s  of

7 5 — q 4 mg/ni (!40 — SO p p m )  a It t ’ i  1 lion r oxp o st u r e s  of rats , Ce • g u i  nea

p i gs , r a b b i  t s a t i~l ~hogs • a nd obser v ed ( l i a r  the  m a t s , mice and g u i n e a  p i gs

:tr e more s t u s i ’opt i h h o  to n i t  r o g o t  d i o x i d e  t h a n  the  rahh i t  and dog .  O t l t o m

i n v e s t  i g at o r s  ob s er v e d  th i ’ nonhuman  p r i m a t e  to ho si I gu t  Iv mo r e

s u t s e t ’p t  i h i  e t o i i i  F r ogen d i  ox l iii ’ ( I ? ?  mg ‘tit ( 6 5  p p m )  for  S h i o u m r s  ) iiami

s In  i I at’ i v  i ’xp os t ’d r o d e n t s  ( ) 
.

Li’mig t h t  it f oxpos t i r e  :imiil i’o n i’ent  rat I on : t t -
~~’ c t - i t  i c a l  fac t o r s  in I ito

do F t  - rut i nat I emi i’ f t ho 1,C o I NO ., I ti va t ’  i atm s an i ma ~ I’’~” 
1 e t  , For

‘x a mp lo  ~l t i , r t  i ’x p o s u i r ’ s  o f r a t s  to  h i gh i’on c e nt r : t t ions Wt ’ri’ more Lox uc

than eq t t  I va l en t  oxpo s t i res  to t ow ~‘o nt ’s ’mit i’ :l F I ~~ for 1 aug, r pot- i o t I s  • ,-i s

I l i u s t r a t i ’i t be low .
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The Autier lean Con fereuuu -’e of C ov er t iu n e n t a l  I n d u s t r i a l  Ilvg i on i S t s  h i a t t

b ean pub i i  s i t i n g  i i  st s 01 i’V L ’ 5 from F ime to F i utt t’ OV O  t mt tan ~’ V t ’i I  m s . The S s ’

Ti,V s hav e  been a d o p t e d  a s  t he  o f f 1  c 1:1 1 max i mum expos are I o v ’  h s by

N I O S H .  The c u r r en t  e st ab i  I shie d TI SV for  NO ,, i s  S Pp~ 
( a h o t u t  0 tug ‘m

1)

(5),

The i n forma t ion  eon ta i nod i n Fit I s documen t  pat’ t a i t is to t ito most

I’ Ia log I ca E l y  ac t  lv i ’ of  t h e  t h re e  n I t rogon c’ompotumids tnont I O t h ’ i t ~u l ’~tv~ —

NITROGEN D I O X I D E  (NO 2 )

For the  purpose of tit i s  review , 8cute toXii’itv i s  do ~ i ni’s-i as t ,u t

-t’esul t l u g  f r o m  a s i ng le  ex p o s u r e , I t a c t  i omi , admin i St  i-at I on • s-t m

app i i  ca t  I on ( s k i  u )  . Und o r ac u to of  fec  t s w i l l  a I so hi ’ i n c  I ai led i t t  V i t i s ’

ob si ’r v,q t i o n s .  Sub c h r on i c  t o x i c  i tv is di ’ fined as that t ’e stu l t lu g f m o u i t

r ep e a t e d  ( can t  I nuous or i t - it , ’ run i t o u t  t r e a t  tu tem i F dt t  r I u -to a 00 —da

e x p e r i m e n t a l  p e r i o d  or less  ( s h o r t — t e r m n  t e s t s ) . Chronic t o x i c i t y  i s

d e f i n e d  as t h i a t  r i ’su l t l  ng from c’ont i n u m ot us  t r e a  tment over a per i ad a t  ?

\‘t ’ , IT ’S  or more (long—term tes ts or l i f e t i m e  tests ).

Typ i c a l  examp les  w i l l  he selected to I I  i t u s t r a t  o t a x i s -’ end poin t s .

Information Sources — The inform~t t  ion e o u i t a i  nod i n  t h e  body of th I s

doc ument  i s  der  I ved f rom the  l o l l  s-’ts’ I rig sources:

o N i  t roge u t  ox ides  — Committee on Med ie a I and B l o t  og I c  E l  fec t S 0 I

Env i r o n m e n ta l  P a l l  u t a n t s  . N a t  I an a l  Acad emy  o f  Sc i onc, ’s
W a s h i n g t o n ,  D.C. l ’-) 77 .

o T5ow— Leve I A l  r P o l l  iu t- i on E f f e c t s  on Expor’ I men F a I Anim a l . -\
Review S.D. Ta hisri v ot Cornell U i ii v e r sitv . I t l t a s -’a , N . \’ . i ’~ ’? .
D i s t r i b u t e d  by NT I S .

1
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a C oti I , ‘ r , ’ u i s - ’ t ’ on hlo a I t it Fl Is ’s- t ti al A t im i~tsp ltor is -’ S m i t ’ ,  , t t iil L ’- : i S ,  ‘S at
S u b  t i t t  ;iitil N i t  ti ’O etl i i i  A a s o c  j:t t l out it I l i t  l ’ i t o t  ~‘~‘It ’tn i s . t  I (t x i  i I . i t t t

l l& ~ I s - I  , u t  N t ’wpi-’u ’t Bi 5 : t i - t t , ( ‘a I I t ot- ut i a • .1 a n u t a m - v ~-—8 • I i) ‘~~ , \‘ ,‘ I . 11
I . 1 i iit i )t  i i ’,’ & ‘ r o c L 5 ’t ’ • D i  s t i  i l ~tt t oil by N I ’ ! S

o Si  x Y , ’, u u s  a I R,’s,’a i5 ’lt i t i  A i t - Poll i t t  I on .  it 5~~ _- I s-)~, 1 . DIIEW
W, i  s ’ t I mtg t s-it t , II . V

a C i t  at  i 5 i t t s  I den t I I j , ’s- i t t m i ’t I o t t , t  ‘I’ i i i - o m -  l i t  ~‘ m - a t u i t ’ ,’ S,’it ’ s-’lt

i ’ d c c ut p I t  I otia I lii ,toasi’s • a ( t u  i d e  t o  ‘l ’lt , ’ i m R , ’s-’o~ mi I t I out  R , ’i- I sod
Ed it I on • i ”  ‘ 

• DI1EW F5!, ~t , ‘I. Key • A. ~-
‘
, hi oi t ss -’lte 1 • ,l . B u t t  1 , ’t-

K .N . 1.i i ’a • t . K. liibi ’t’sltaw

a R ep o r t  of  I ~i~~- As - b hbos -’ Coi iti it i  t t s ’e ~t i ~~s I lu g out N t t rogen lii ax i s- l i ’ ~\
Q t t . t  h i t v S t  , t t id ~i rd A pt ’ I I  i S  • ~~~~~ St at i ’ liopa i t  tit , ’ t i t  o I Pub l i e
lhe~m h  l i t , ( ‘, m l  I I ot-ni:i .

o lhea I t i t Flt es-’ t s a t  Mat or Volt i s -’ i t ’ E x h t a i t s t  . ,l .R . Ca l d s t i i i  I it .
h’ rs ’s,’t tt ~‘d to M i t t  or V o l t  I c  lo Pa I In I I out V ot it to I !‘a,- u m ~i 1 , boo A ii~ ,’ Is ’s ,
A u t e u t o t 11  . I s-)~ h

Ma I t x . ‘l’1t~’ pet - I u~u , ’Ii I i’l l t’c t ii 0 t~ NO , n. ott Ia i ties -b i n t i t  I dos -’ im ii tt ’ti

us - i 11 ha u u n n h t : tm - i ~,‘d ( see ~u ph t ( ’ t i s - les -t ut ta t r i x . WIt~’ te o x p s -’ r I t t t o t t  t .u 1 s-l :u t a w~’ mo

n at  ~t v a  i 1 :th ’ lo, hit um ita ti 5 1 ii t i Wu ’ r s ’ l iii’ h u t s - I ’s -i ito: i t i i i  t h e  I i ’x t  an d  i i i  t l t t ’

m t t a t r i x .
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I I  . :\(‘it l ’F ‘l’OX I (‘ I TY ( I  u s -’ I u u s t i is’ iii ‘s- I t  ro t , ‘t ~ t ~

1 . Heutiat ah o~~ic l- ft oc ts

Lot us -’s-’s-’v ti’s . Cit I tiea p i ~s s- ’xpo oad t a 12 1 in ‘ itt
1 

NO ., sIt s-tW o s-! a SO~
,

s- i s- -c  r ,’,t s, ’ in 1 , ‘ I u i ’oC V t , ’ c o t t i t t  s ( ( ‘OOC tmit 
l 

t o  ‘1000 - ‘nun i n  n it  irna  I s t h a t

s i t u -v  i vt ’s-I to 2 weeks ( 1 o t I ‘
~ un i m a l t ;  1, 2

Blo od Mat e I ~ ’t s

lii ot t , ’ s t  t u i l  v , r i  s-~ i’s-i t t  p s - i f  do e~ a XIiOS as -b t ~‘ 7 . I a n5I ~l s-i . u , m u g  ‘utt ~ ( Ii)

and  S p p m )  fa r  (() mi nuu t , ’s , 07 ,5 a n s I  I hO m~u~- ‘itt ( “7 amid 55 ~ipmtt~ f- sr I c

ml m u t e s  ann.! 7 15 and 105 mg ‘itt ( 1 25 a u t s - i  I t ’ - ’+ p p m)  u - a m  ~ nii uti t t as r,’ s tu I tad

i n  no s-’t i , i m l i ’s’ S I t t  t h e  h iorn a t a n .’ r I t s :tutil hi o o l  P 1 at o lo t s-’ - ’ s - t m i t s s-i,’ t , ’t nmt I t ied 4

I ‘-it , 45 ’ 7,’ hottu ’s ,t f t e r  oxposturi’ (I

Mo t hi, ’mttoi’. l o b  i n  ( MaID’ . Hot  hteuitog 1 a h :~ , i~’as slo t on.’ I es-I iii I i t s - ’ t- t l OOi l s-i t

s- - i t  s exposos -I t~’ I 58 mg/rn
1 

t O O  ppni l aft er approx I ntat el y 1 h o u r  of

1ls-’w,’v,’u’ at 787 mg/rn
3 
( 1 50 ppm~ NO ., ntis - ! abs -i’i’t ’ , t h e  h I  Os-i s-i a t

t ho an I ma I s t ost os-i s-’ s - t t it  a i nod Mai th  a f te r  1 hour af s-’ x p a su  r’ e • b i t t  the Melib

was  no Ian ,~,‘u mon s t u r , t h  lo  I t o  2 h i o t m r s  a I t o t ’ anIma l s Wi ’ re t’a I iurtie s-I to

n.- 1 -en a I r . In t i , ’ so e xp e t  i mont s , l i i i ’ NO ,, ‘~‘a liii ’s C-s-’11 a ct e d  I lie tes t ~i 1

i ,~ I ,b,’s a I u-i I t ro~ eti present I mi t Ito a xpas i t u e s-’iiattil o r I t Ito n.’ s- i n s -’ ot t  t rut I I on af

Nt) , i s - - i s  not  ,‘va I ;t ~~t , ’s-I I, (~~ ,

Dogs s- ’xps -is ad F a NO ., ( -‘ ~ - ) by i nba I a t  I t ifl OC- iv SI IO W O s- i  t n a r k a s - I  1 its -’ t’OZt 50

i n  H el l ”  i s v , ’ I s I, 7, 8’
~ . 1 awor I n s -’ i - ,’a s t ’s wer e  fot um id a t I awou- do sos 0 .

— 0. 5~(, . Thi i ’t ’ t ’ was  no ov i don e ,’ fs-tj’ tIe ’ f s - ’t - mm i a t  I sifl of  s-’t bi er s- - o u t t p o u u u i d  5 s t u e l t

as ml I t  r i s -’ ox do herno~ lob i t t , n I Fr -  i s -’ a x i  do in s-’ t h oun o glob in a u s - i  n I t r :m I a

mt ’th teunag l o h i n  ( 7 ) ,

2 .  Bone_ M ar r ow  h a m ~~~~~

The’ u’,’ we’ rs ’ no C-t ’ pot’ 1 s on NO , o I I s ’s-- t s on h s-’uio ma t-  r o w  in 0 xp e  i I meil I .i I

i t,  i m a l  it s i t  h i t m an s

1
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t , l ntm iuuto I s- ’s-~i n. K I t s ’ s- S

Forn a I ’  ~ut I no,t p i e’~ its - - i n ’ 
~

I ~“ut at r u u p o t -  it s- i t i s -’a I (I P Ill S O s - ’ t I i ’ll s- i t  0.

uitg s-’ 1 s- 00 ~u 1 h im in i ml n t i s - I  ‘ . 5 mg a I hs-’v I no so i’ ittn ,‘ve rv s-it  h i s - ’ r day  , ‘l’lt~’

itt t’s- I i oui w a i t  t ’ t~ p o t  t i ’s-I “ I j ilts ’ it . ‘l’btt - ,’t’ s-la ‘s-s ,i t’ e m- F it s -’ l,i st in l o s -- F I on •

,t i t  i u i i . t  l it W o n ’  a xp~’sos-1 to -sO ntis -I 80 ppm of t t  i t  rogon s - li ox i s- t t  I s -’i tO

in i u li t t i ’s. T h u - t v  n imnu t ’’s 1. ut , ’t - the’s’ wet-a exposed to t u e  a o r ’o ss -’ l i : , ’,i

art t ,‘,‘ ‘t .  1mt ~ns ’s-I I ‘ i t s - S lv a ft or t li ,’ i n  i t i at I on a I i uilt :t 1 at I oIl - ‘ I ati F i u- ’, t ’tl ,

a l’~ls -’S t a I I the ni m i _ u  Is pr’o oxposi’s-i t O  mou- a thaut 40 1-ipuit s- ’l— a i t T ’ s ’i s ’li

s - It s- ’x i s- Is -’ hasI s ay , ’ no s-h ’s ’t-u p itt ’a a It as--ks nti s-I titan ’5’ s-’ I t lt t ’mn s - l i t ’s-I , t,’lt , ’ u’,’,ts utis -’it t O t

ho s-’s- ’tt I i o I  s shows’s-h out Iv ,u i t !  i git F , 1 :uhs -i r a s - I  hr-on l i t  I r u e . ( ~

K s - s i ’  s- s t  S p t ’s-’ i l i t ’ l uitut itn o M oc i t au i  i suit s . l’lue t~s- le s-i t  I u-to a I veal ai

inns -’ r’s-ip iu ~t e t - as ,t ,‘s-’ i u t  t a  1 tnes-’l ua u i I st-n i n  F I t o  1 a t t n .’ Is-it- s- is -’ f , ’rus , ’ u i e a  i t i i t t  ruita 1 s ~s-~

~~,~it’ t , ‘ r I  .1 i i r s -iv u s- Is -’s ,t log i s-’,tl uiio n.- l t a t i  I suit tot’ t lie s-’xp t’os it i Ot i s-’f ~P ” s-’ i I i s -’

s-
_

s-
S it  l i t - . t u i s - b hii tmoi ’a I i m itn uuui , it ’ s ’, The pt’,’ S n ’tis -’O 0 t i minuti a e i s - i l - s i t  I in it ’,

a lvi ’s-’ I .ui ’ iu as -’r s-i p h n i g i ’ t ; h i s  l’aeut s-it ’m s- ’u lS  I r:u I os- I . St in  I i ’S s-il,  ~ ‘i’i~O~~0ii I i ’

~~tI  Lt is -’ t t , t i - 
‘s’ I u - itt ’s-- F is -m u i i  s - i l sea s o s  s-- s t i u i i t n tu t t s -ig  h ,‘h iu l i t  s - Is ’ t I s- ’ I ,‘ns-’v , as i i i

‘ongon i t 5i i or ul s-’qu  ir ,’s-b ‘u v p o s-ir s - I v i tgn i t l t n5 t g l s -’hiu  I i ili ’lll I a ,i t t d  i t )  \‘iltl-shta t u s - ’

1 ,‘tmk t’m I ,u , it s-~~~~ ~‘s t  thin I ntas-’ u-op l ia gt ’ ef fis -’ F I vs-’i u ’  i t i t  I ‘; s - ’ 1 ely s-li’ p s-’t t s - ’ s- ’ t t  t

span.’ u I I ‘ ~s - im mit s- i i~:m I i t u r n s - u t i  it v ( 101

Va Inns - I  at  al  , I, I t ’ ~ s! t s- ’ts-i ’ s-i t i t a t  u i  ‘s ,~s-~ 1 , u t ~ t n , i s -  t ’ s ’ I - s ! u u o s ’s i t a r v , - , t  a, ’

r ahh  i t s  that hind r s ’n.’s’ I ‘s al I lit m’a I u ’,ts -’ It , ’ .i 1 i It ) t ’n.’ t I s- in s  a t~ p t  ,u  s i t  ‘ n , ’ ‘ - . 1

v i r i u s  wot’~’ u s - ’s i  it F a u l t t o  itt v i t r o  s - T h a i  b o n e s ’ us - i Fli i— alib i a, ’’ • , - - -

Hs-iwt’Vor . I I lu - i, ’ r u u h b  i t  it w ar t ’ s ’x i ’ s- ’n; od to NO , - ‘s ’ t~i n ’ ‘ i’ ‘

ss’s-’n a I t e m ’ ,‘! t : t i i  ,‘i t ,~s- ’ is -i t lu t h ~ i_ I t _ i t s , s - I s - u’ —’ ,’ I s- i , ’ ~ ‘ ‘ ,‘‘ls ’s ’ 0: u i ~’ I s ’

,‘4 ts -’~t i ’S hi’ f o t - ’  the s-’li ,t I I s ’tt gt ’ , Fit is ri’s itt n t i s -’ ’  ‘ ‘‘ , ‘ t  s -to t s ’ s ’ ~~~~~ Di  is

r o t  m ’ae ts -’i’v i t t , u s ’ l ,i st os-I I s -i l’ s- i 1 ,  b ou t ’ s .  In ‘ m a  ‘i ,  ‘ , ‘ e i , ’u - ’  ‘i . iu -’.s ’s i ti s-~ u- at ,’s-b

I r s -m utt ‘xp i ’os ’~I ru bi ’ I t s is’s t s ’ u n t a b  la I s - i  a ,  ad a - I - ‘  ‘i ’  s-s- ’i t ’ i t  i ns -i s-’iu I u t  ad

w i t  hi thi s ’ 11 ,11 tu Oti .‘ .i i i  C - i t s  . Exp o’; i t t  ‘ ~~ \ 0 , m ‘ ‘~~~~- 1 s , s ’ t s ,  ‘s-I t i t s ’

- 15 1 it or p 1 I ott m i t e ’ a I thi s’ v i u i t s  i i i  h ’ ’ sos s ’ t, - ‘ t ,t !‘!‘ u t s b i t t  ib i s-I tts -~F a nt t a u-i s-~

in t ‘s- F I v i t  s-’ by t its’ ‘s-’ i r ims  . —

I
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F l i r l i  c t i . m ’ ’ nI  ‘u s  e ’;.- ’ m ’ks ’t’s s-h ’ms-in st  r a t  s ’d i i  s- i ‘ s - - u  i , ‘ s  - ‘ - - t n t , ’ I , ‘ ‘ ;  h a t

‘ s- ’ i t t  
~
‘ 

~~~~~~ 
- “- ,, - - I 0 l imw coi ts -’ out I rut I i s-illS Of ii I I ~~~‘ 5, ’ u l  , \ i 1, ‘ i  ‘ s t  L i ’ s ’s I It, ’

u n ’ S ’  s t  t t t s - - e  u - ‘  ml s’s- - i, 1.’, 11 , 14 . IS ‘
~ a t t s - l  i i  ‘ q s u  i - - ‘ ~~‘t t ’ ,o~ ’ — (it ’ , 17 , 15 ,

I -) • ‘n ’ t , ’i  i , uI jmnetu mno t I a ,  lit i s  i n s -’ i n - , u  i t ’ d  ‘s- s u i t  
~“u- ’  t i S I 1 i t ’ s ’  i s  t ’~ s’ s-Ii’lls-’O’l

‘\ I i r~’ ,t i t , ’n. t ti ts -i C - t  a 1 i t ‘s’ r a t s -’ , C - O s - l O s - s ’ s t I h i t  ‘ n t , .t tt sl i ’ s-h i s ’ s ’,1 n t - s  I I I t v to

o l,’,u , t ,~ v lab I s -’ b an.’ t ‘ri a I— ront Fits ’ t i t l e — i  . Iii F l i t ’ I r s-’xpor I men F it . FIur I I n ’i t

~‘t ,i I . .‘xpos Os-I ~~fl ima l it I s -i at mn s-’-z “ i t ’ - - ‘i t t  - ‘ 11) 1 rig moa su ns -’d qu u ant I t l o s  si I

N O , ha I’s- ir e  a u d  a f t e r  re it p i r st I n ’ m ‘, s- i,u l l ’tii ’ ,’ wit ii a e r s - m so  l it s-if vi rut I i-s i t I

Kls -’b sioll a ~‘~~~ _u m ( m n i a e , (K. i’tic im ’15 ’n t a o ’ ).

I n  itt tud I ,‘s a I ,u ,- ‘ ,‘ e ’xu ’ n ’it ut ’ s- ’ , nt I s’s-s wi’ ro t’ xp s- sit “s-I I s- i 7 i i s - i t u t - s  s- i I NO

a t  s-’ou leen t ra t  i Ou t s  - ‘ i , ’.S — -s-  .0 ung ‘in
3 

1 . S—7 ppm ’s , ins-I F iii ’ui s-’iti II engt’s-I

w i t h  art  a, ’r , ’s- ’~ s t  -K . ru15 nmau
~~a~ w i t h i n  I .(‘ oi~ 77 I t s - i s - u t’s ,tf tor NO .,

i- s x p o s i u r t ’ . I t ’  :‘~i ‘1. ~ :,i l NO ,, s-’s-’t tn.-O u it t~ ut l out u -~’q&t I t~~’ sl to  produs-’s ’ a

s t a t  i it I s -’ .l, i V ‘s - i  O I l  t t i  s- ’a i t t  (p  le s s  t h i a r t  0 .0 5 )  r i t a  in rnorta 1 1 E v  (2 hr_s

b . “ mg ‘in ’ ( 1.5 pjmm ’) , when t ue in fac t i ,-i t u s cbta I tengt’

s ’ O e u t t ” n ’s-! tt I t ’ii a I h io s -ur a f t e r  t h a t  exposure . Wh om ’s t h e  inf ec t i t ’s- us

s-’’t ,t ‘n o,’ was s- !s-’ 1 avas-i , s-i s ta t  I i t t  I c a l l V si gn I I I  s- au t  F s-’ fIt’s-- F is-ut it u -is -- i t s-’d aft er ’

!‘ i s - ’ m u i ’ s -  . h it  F nat siftO t ’  27 itoitrs Is-i l ls -’swi rug ,  s-’xp tmst ui - s-’ to NO ., at  s-~s-i t s -’,’t l—

i t t  t~~u tit s -m f 0 . - s  mg ‘un~ (5 ppm) ans-I esSays-’ ( 12 ) . i~ iot i  nti s-’e wers-’ i nfa s-’ti’s-i

t5- i Fi t K. C~..~ iums - in ias-s f,” l I owl tig pn i s - - j ’ s- ’x p s -i st i t ’ i’ tO  4~ .0 t u g  ‘in 25 lmpm ’) t ot ’

2 si ’s - I r s  • t h u s -’ man t a h i  t v wait i u ’ ss -’ C- t’~t it ,‘s- h s i g n  I f I s-’au ’ut I ‘s- . Tlt li t s-’ I Ian.’ F W~~ S u s -i

obss-’nv,’s-l a t 4.7 mg . ’m~ ( 2 . 5 ppm i ( l 5 ~~.

A s i m i l a r  i t ’s cr ea se  j u t  m a C - t a  l i t ’ s ’  w as  s-i ! - i5s -’l ” s’n.’s-I in b a n i s t e r s  s- ’xp s -- i s o s- i  F a

.5 mg ‘m
1 
( ~5 ppm ) i-in sut s-’ r s-’ s - f  NO ,, is-tv 2 I ts - m u u r s  auis -I them ’s  c i t a l  I eutged

w i t h i n  i s -- s its than i haiti’ w i  tli K. 1~ni’s -umon iae  ( 14 ’ ) .

He-sri i v  et a I . (1 8)  n.’xpos es-I sq ut i nr s-’ 1 rn,m mtls-ev it E s - i NO ., at iS • 5_ 0 5  
• 0

m g  ‘m
1 

( 1 0 — 5 0  rp m) for  2 hi m t u r s  tbion c!t s- t II enges-I is- i t li K.  ~noumoniae

I ri tn os - b its -’s’s-l I u t  r at  raehes-’t l i v .  Ne- s i th s r t h i s ’ i n  f t ’s-’ t I omt s s- ’h t _ ’u 11 engs-’ uis- r Flit ’ 2

r NO ~ e xpos are’ (04 .0 erg ‘in ~~
, 50 ppm ’s a i s - mu t t -s was Ia t a 1 . W h o  u - i F i t s ’ two

we re comb I ~‘~‘d , a l l  t Im rot ’ m o n k ey s  s-_I iod s - u Itt ’r F ni ’at rnt ’r t t

_  

8
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It wsiit ,ilsn. -i dems -instrat ,-d Fi t s - u t su s ceptibilit y s - f  a species to

ret  p i C - a t  s-.i r ’s’ i n f e c t  i o n  was p a r t  jail ’s ’ naspon s ib I~’ f u r  t h e  i n c  n e , l s t’ si

marts - i ll t’s~ rn t,’ after NO ., exposurs ’ (20’). It w a s  f o i u u ’ s s - I  Ihat rite rat ,’ o f’

c ls ’,tn :utice of I’s-us -’ t , ’r I a f rom the  l u n g s  of m i c a  and h a m s t e r s  s - I t ’s-’ r t ’ a s t ’u ’ w i  t I u

NO ., e x p o s u r e  ( 18) . A u t o p s i e s  o f  m i c e  t h a t  d i e d  a f t e r  b a c t e r i a l

cita 11 s--sage ms -5 vs-’a led l’s i gh I flc i s-ienct’ of  p uru  lou - it exudate in the  p 1 cu ra 1

on ’,’ i t b i t  ( 1 4) .  The’ l i u n g s  of  sq iu i r r e l  m o n k ey s  exposed  to NO ru and

cbs-i I l e n g a s -u w i t h  K.  p n eu m o r t ia e  deve loped  m a s s  i v s -’ i n f e c t  i ou’s wut id , extended

ts -’ the  ki  dn,’’s’ , he:t r t , l i v e r  , ad rs -’u ’ua I , sp i eeu ’s and lung. Exp s-ms s- mrs -s-s t o

in c r s-’ s - i s i n g  NO ,, col-i s-- e nt r a t i o n s  p r o d u c e d  alveolar al -in a n m al iti s -’s .

-~~ . C e n t r a l  N e r v o m u s  Sy s t e m  (CNS ) E f f e c t s

No r e p o r ts  ware found or’s t he  CNS e f f e c t s  - if NO ,, i n  ex p er  i m e r ’ s t a l

a n i m a l s  or h u m an s .

S . Beh a v i o r a l  E f f e c t s

Six ho u r s- x p o s t u r e s  of 6 . 9— 3 9 . 3  m g/ i n
3 (1 . 7 — 2 0 . 9  ppm )  NO ,, d e p r s -’ssed

t h e  ‘ s ’ o h u t n t a r v  n i u n n i ng a c t i v i ty  of male m i c e ,  when the c o u i c e u ’ s t r a t i o n  was

14 . 5  mg /r n
3 

( 7 . 7  ppm) or g r e a t e r .  A lthouug !’s the t h r e s h o l d  was not

i d e n t  i f i e d , i t  co u l d  he n a r r o w e d  to h s -’tween  (-i .° and 14.~ mg, ’m 3 . In s - u i

c a ses , a c t i v i ty  r e t u r n e d  to n o r m a l  on the f i r s t  p o s t — e x p o su r e  day ( 2 2 ) .

(‘ . C ar d i o v a s c u l a r  E f f e c t s

Exposure  of beag le dogs to  7 — 1 6  ppm NO ,, for 1 hotu r rs-’ s u u l t e d  i n

l i v p u i t e t i s ion , accompan i e d  hv a dec r ea se  i n  c a r d i a c  s - i iltp tu t s-tn d itt r ake

vo lume . Tb h e a r t  i-a t e  tended  to hs -’come s l o w e r .  Sy s t em i c  a c i d o s is  was

Os-ut of  p r o p o r t i o n  m s - i the r i s e  i n  a r t e r i a l  CO , p r e s s u re  (P aCO .,) a nd

paralleled the decrease in cardiac outpu t and arts -’rial 0,, pressure

(Pa02) (231 ,

I
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P s i a c l t e ’m i c a l  and  l l i s t o c I i i ’mi ca l  E f f s ’c t s

~~~~~ Thomas  at a l .  (24) axposed rats to NO ,, ( 1  ppm )  f i r  a s i n g l e
4_ i ts - ,LU ’ pi’r i od . C o n t r o ls  w on t ’ s-’ x p o i ts ’d t i - i  a m b i e n t  a i r ,  The a n i m a l s  w e n t ’

k i i  1 s-’d 2 and  d ay s  s-i f t  or exp s-i s  t I r e  , and t 1-is-’ 1 s-uv tgs removes-i s-tnd Fit s- ’

m i  toc ’u s i t i s -I r i a l  frac~ i o r’s a i t s n v as - I  f o r  1 i p i s - 4 p a n s - i x i d a t i s - - i n .  Tue pernx i d s - uti v o

s-- iu a n ge s  d i d  not  o c c u r  immediatel y hut appea i- ,’s-l to r e ach  a m a x i m u m  i - i e t w o t’n

24 a n d  - ‘iS l i s i u t  n i t  s-i [F or  a x p o s i u r e

V s-ts al 1 - i  at al . (251 m e a su r s --’d the in v i t r o  e f f e c t  s-if NO , ott th us-’

cs -i t a h a s t ’ a c t i v i t y  of  a l v eo l a r  m a c r o p itage  d u r i n g  k i l l i n g  s- i f  5t~ ,,

p,hvlo c cs -us

ep idermid is and Pseudomonas ~~~~~~~~~~ in rahl,its . Fxps-- i ’ s - iii’ i’ to 10—1 5

m i h h l m o l a s  s- - i f  NO., for 15 minut es catusod a ds-’c’reasa in s-’a t s - m ! . l i t e  t o t  i ’ s -it ’ s ’.

W h i l e  t e s t i n g  the  a n t i b a c t e r i a l  a c t i v i ty  of  e x t r a c t s  o f  a l v e o l a r

mac rs-’pbtages (exposed to SO ppm NO., fa r 3 l u o s - t r i t )  , es -’ i i  ow i rig p1tag.~s-’v t s -’s I it

h ’s-’ Nvcobacterium smegunatu’ s (BCC strain ) i n  r a h h i t s , ~I v r v i k  and E va u ’ss ( 2 5 ’s

observed impairmer ’st of phtagocvt ic act i v i  N’ of the alveolar mac rs--iphagt-s .

The nesttl. ts indicated that the imps-u i rinent ~s- - i s -ul d he t h e  ross -u t F of an

i n h i b i t i o n  i-if eith ’ser glucose met aholism~~~~~ se or inhibition s-i f  s-’ i’s a rg , ’s- ’

t ransfer.

Mi I anesi et al . (27) stud i ed t u e  a c t i v i ty  of  c a t l i e p s i n  D in  v i t r o  i n

the Is-un g t j t i t  s-ue of rats. Th~ I s-ungs s--if tint rca ted rats ws-’ ri-s removed ,

homogenized and prepared wi tI~ its-Ic rs-’iti-s— -’det s - ut ,’ and ad ju st s --sd to p11 7 . 2  wi  tit

XCIII. Al i quots i - i f  the h ’somogenate  were expos s--sd t s --i NO , (1 l it er ’mi n ~mr  3

liters/m m flow rate) for 5 ts- 10 minut es . No sign 1 f i s -’ s-i nt  change in
c a t h e p s i n  a c t i v i t y  was nots-’d as a rs-’s u t l t of NO ,, exposure .

Cii Inca p i gs were exposed to 40 ppm NO ., f s -ir a tot s-i l of ‘i 1 /2 hours

at s--i ns--s half hour i ntar’s’als. At the ti me-s s- sf dss-’att u , the Is-uu ’sgs ws-’rs ’ remove’s-i

and analyzed for Lt)H at-id aide la ss -’ act ivities. Levels of both i’nzvmos

were-s s ignific a ntl y elevated (28).

I
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- - - ‘ - - ‘  No , U

,ict j’~~~~~ .It\ hi’ t t , t s -  teesh m s ’ ’  ‘ il “ t i -  ‘ ‘~ . R a b b i  t it

- - .  ‘u ’ ’ ’  ‘ ‘ - ‘ 
5 ‘~~ ppm ) of

- i .  ‘ i t  i m n a l it

- - ‘ m o ve . ’ 1 a nt I  a s s ay e d

- - ps - ;  !s i ~‘It s - l i t

‘Pr m -~’n~’ b ’s ’,i r tm x v  1 a so

- vin e ’ as-’ t l v i  t v over h u e

i i i ‘m l  s-’,-u I ,i h s or v a t I s-in s

- -si t ,t t or  s- ’xpu -isur s’ wait m i n i m a l  

ss -’ - ‘ - . auid t)4 .0 mg/rn
1 ( 35 ar - id SO ppm )

N i t  
- , I 111 1 t 40e ’fl - -~~ 

- -
~~ t ’  s t  s q u i  r u e ’l m(mr ’I k ay s  stt i f t o d  t i m

p r ,’.Iomn I t t . - p n t  l v  i t ,  m ’ s - ’  - w i  , ‘ uu s- -b roma tog raph e’d. Tb I it duar ’sgt’ it ’ s

I ‘ , i e t t  vm , ’ ,‘‘  i p r ’  ‘;, - , t  s-t t 1’ des s- it , htu t nt ’ t utru ied t i - i  n o r m a l S days -1
af te’i ’ t e ’ rm i  i i . l t  ‘‘ ‘mu s- ’! t ’ t e ’ Nil ,, e’xp s-’lsurt ’ ( 18 , 14 ) .

Serum. Ct,l t ’ ss ’s - s p ig s wore exposed to 40 ppm of NO ., for s-u Fatal i-if 4 -
~~

1 / 2 hiotu rut a t  emuW ha I f h i o u m r  i m ’u t i- s C - v a  I i t .  The’ an i ma I it we no k i l i c e !  ( t i mi-s mii m t ,

spec if I eel ) , t i t i ’ i-il ood removed h-i y c a u ’d i  at’ p u n s -’ t umr o , and the Si ’ i- turn  ana h yzed

fa r LDU and a Id ols - its -’ act l vi F i t ’s. Both eu ’szymt-ss  we’r e  s i gn i Ii cat -u t Iv

a !  eva t a d .  The m c  r ea s, ’ ~ tt I i’ve-s l i t  ci I LD Ih proh ah - i l ‘s ’ i nd i cat e d  F I s s t i o  d am a gt

w i th  s t u h s e q u t - s n t  ri’ 1 is-a its -’ of  t I su tt u e eu’szvine i n t u ’  t he i’s limoel i t t  I-earn (28’) .

Oxvg e ’ui c im n it  ml mpt  I on was a I so f oi mu id  t he’ s- ’l ova t s -’d .

Squ i r r e l  monkey s w e ’rs -’ exposed to 18 .8 mg / rn
3 ( 10  ppm ) NO ,, f ,m r  2

it s - - i s - I i-s • The 1s-1) H of  I u u n g t i sit s-ui ’ was mea s iu  red . i t  was f o t u u i s l  that the LD)I

s h i f te d  t o  a predomi nat-it lv auiaerohi c band S when c h r o m a t s -m g r a ph t e d  . Tb is

cluing,’ i n  enzyme pa U ~‘rn pen s  i st s ’d fo r  2 days  b it t  rt ’t s - uru ’ s t’d to nt rms-i 1 8

slay s a f t e r  t s ’ r m i n a t ion  s - i f  NO,, t ’x p o s t l n t ’ (18 , 14). 1
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P
I

- Liv m,’r. Bits--k ! s -s ’s- nuts -I Bal s--iumI m (78 ’) s-’xp s-m sed g u I l u-i i ’s-i p i gs F ’  -“a ~~~~~ 
s- ’ t

NO ., t s-it 4 1 / 2 hi a t t  rs , ‘Viii’ s- I t t i mut a 1 s we ’ no Is- I I 15 ’d ( t june not a j’s’c i f ,  ~‘d ) n t i s - I

-~~ t h t t -s I i vans removes! s - p i t s !  s - l ,’~it s - iv s ’,h i i mr  1,1)11 auid s-u I ds-i I .‘uitt’ s-ic t l v i  t I s ’it , h I s - i t  i i

eruo v iuui ’s wens-’ a I s- ’’s ’s -u t  s ’s - f .  Oxvge ’ mu et i u i s t u i f l h ) t  1 s i l t  Ws -’t s maca .‘- t i um ’eil • , luitl  t i t s ’

s - I l  t’feu ’eu’sco hm t - stw ,-s om t Flit ’ t r en t e d  n u t s - h  s-’ o t i t  ral I i v s -’r s was Its - it si gn I t b  ‘ , utit

it Ii gi l t  i s- I c ”s’s- ut I s-”t ’s )

- K I siu ey . Ctt i rues-u 
~
-i I gut ax p s -i st ’ s-I si  4() ppm s-i f’ NO ,, I s ir  4 h/:’ h e i m u  m’s

I
4 sbtowt’ eI mns-ui ’kot l l u - il’ C-os -us ,’ iii 0,, s- ’ s - ’ i t i t  tutmup t i s i’t ail s-I si  gut  I I I s-’am tt lv t - l , ’ s - ’ s - u I s’ tl 1,1)11

:t t is - I  a i s - ’ ,’ I s - i s t ’ s - t i - h  I ’s~ it la s ( :‘S)

I t ’t ’It . Cit I ne - sn p i gs axpout~-sd t i m 60 pu-iuit at NO ,, f at’ a t s- mt s-u of 4 h /2

hauu ns slu ,’w, ’,h si gm u i I i  s-- s - t i l t  Iv a I u s - v s - I t s ’ s- f I u ’’s’ s- ’ l it s- if 1,1)11 and s-u I ds-i L a s s -’ s - li ’ t l v i  t los

I 
- ( 281 . Oxv gon  s-- ,’u -i it u u m p  F i on was  fou nd t , -i hs--s s - t i ’ s- ’ ,’ Is - -i ’ s- u t ‘- s- I

Heart. ll s-tn tst ,’r s we’re t’xposs’d t i m ~~. 4 — 65. 8 rng / uui  ( S  s-ins -I ~ lil-irn)

NO ,, f s i t ’ 2 h i - it t  nit s-ins-I LOL l lut e’s - i s  u n ’ s-i . Th e-s s- -s ri zym , ’ i n  thus ’ lie a r t  sit i It ,’s-I F , ’

p radam I nautt l ’s s-u m i s - l i ’ i’iilm I c u s-t ut u S whueu ’s s - ht re-ima t u-ig ra 1milt ’ ih . Tb is s-’iiauic ,s- ’ I s - i s t i ’ s- i

f,’u ’ 7 s-I s-I’s’ it but t ru~ t t t r u t t -s s- l t , ‘ u ’so rrns - i 1 8 s-Is - I v s  a l t o  r t a u’mi n a t  I s ’u s- i f  I i t t ’ No ,,

- I expu- is s-une (18 , 14)

8. Effect s o n  Bodv W~~~~lut , Tis suti ’s and Organs

Bodv We~~~,1 ut .  Rs -tts , gui r l s ’a l-i i I’~ , ra lm l m i  t i t  , nt out k t ’vs s - I u ld s - h s - m g s  t ’xp s--i ss -’’.I

as--ti t s ’ I v to 1 2 1 mg !m
’1 

of NO ,, for 8 iuoiu I ’S shtowis-ul we i gu t  i t S  it l i - i  the

F ’ sum ’s’ i vs-il ’s tip t i m 70 s - hs - uv it t s -m j I  Owi u’sg s-- sxpu’is s-urt” . i l l  ghi  u t o r t a  I i t ’ s- ’ rs-t t s ’ Was

F s’ i ’st ’r vt ’iI among Fl i t -s t re-sa t s ’s-I animals . Death accit i -r i ’ s-i as s-u r” suu It tm I s - mti s -’x I

11 . Mort s-u Ii F v s - Iris - I we’ i ghi t i s-- is ~ p m ’oe! um es ’d I’v NO ., Wa ~ s’us-iwti to l’s,’ s- l i m i t s ’

s-tnul t ime r’ ’ I a t 5’d i t t  r a t s  s-ins-I rabbit it (I ) . Ni’ t ox i t ’ a I fe’s-’ t it vi ’ t ’ , - it t ’t ’ r t  bi t

rats ox p o s t -sd i s- it’ 5 and iS ml nutt os hi - i 7’s s- in s-I I I  ppm s - i f  NO ,,, rs ’S1i t ’s- ’ t l v i ’  1 v

(1) .
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Pit I ma u’ss-u r’v E f I t s -ct  s

Pu1monar~~~Ft m n ct Ion . The’ elI oc t  s- - i f  s iu s - - i r t  t e r m  e- s x p o s u u n i ’ i s - -s NO ., on

pit lnuo t u s - iu’ v f u l n s -  t I amu It s- lu ; he’e’n I nve st  I ga t c ’s-i i n  the’ gel Inca pig ( 30) , mi-iI’sks-’’s’

1 8 ails-I r a b b i t  ( Ii ) . i’hte 
~~~~ 

I ris-s-a j - i i  git showed an i rut- r i -sat ,’ i n  no sj - i i r at  ~i r y

I’ s- I t t ’ s- il - is-I s-i e l e cr s -s ;I s s ’ Iii t I iI s- i 1 vs--i l uut ne ’ s-u t tt ’r “u h o urs of s-’xps-us s -mn i’ t o  S .? p~m mti

or 7 hi ouu u’s s -m f e xp out tune t i m S . 2 ppm of NO ,, ( ‘10 ) . S I m i 1 at’ oh-i s s- -sr vat I s--ins

Wi ’ ra mat !, ’ Ot t  mauik s-’vs t-sxpsm sas-h Is-mn 7 l i e - i t t  rut F s- - i 28 mg /m
1 

(I S p pm )  of NO ,,

(181 . fIts-s-so s- I!mt us -m r iuua Ii t i u ’u; w a r s -’ t’ u ’v s ’r S i b i s -’ s- uris -- h exposui’s’s t o  h u ’ss, ’m ’

s-’s-m u ’ s s -’ont rs- I t i s-ins i l l s - I  h o t  s - li s r u u ~-i t fill - is -’ t I s-mna I ac- F iv it i s ’s. Per I tuionn m’ s-’

s - lit h I  si rug cs - u p s- i c  i t y Ws-I S rs-’ s-Iiu it ’s-I i r ra h im it it t-sxps-’s ad t s- i SI’ mg ‘ma
1 
( 10 

~~~
far IS mi I ’si ltes (l I )

I n  Scu m s - ui ’ s  it , NO ,, a xps iit u irs -’ s- It I . 17—3, 75 mug ‘utu (0. 7—7 .0 p1mm ’) r~’ s u m l tad

il - i I t~ r’ss - i  sod ri’s p i r;u F s- ut ’s - ’ tu m i d a XI) I u- a t  at’s-’ f l o w  ri -s 51s t s- lu te ,’ s-trtil a h v t - s- - i l  s- l u’ —

ant e- s i - i  a 1 p0., grad i ent and a dec i- i’s - i s , ’ i n  s-- s-imp ! I :tu is -’a ant I  s i  ug I i-s—bret t t’ l

s - li i fs -using c s -up s - i c it ’ s’ (I?) .

Ps - i t l i u - i l o~ is -’ cluaut gc -s s . KI,’ i ni- s i- m s-itt s - t m - is - I  l’~r i ght t ( 1’) e’x ps - mi t~ ’d u- s - i t  it

r a b b i t  it , s - tu tu! tu tu ‘u rues-u p i gs ti’s s-u s bi t ,’, li i i I gi’s i l o u t t ’ (u ’s-ihb l it , 100 pptn ; I’s - ut S

and gui i nt ’s-u p i g, it t ,‘ 80 p pm)  , r ’ s-u I s-mw lit-is,’ ( rs-Omh -i it s 7 5 ppm rs-i t 5 auiti get m m’ s-i

p i gs 1 5 t i m 70 ppm ) , a I ! f o r  :‘— i u s m uu n pt ’z ’ lad-c . Fs -’i ! howl I i g  a xp s ’iut t I r e  t h i s -s

s- I t t  im a  i s  ‘401’,’ s s - u c  t’ i f i s - o d  at I , 2, ‘u , 7, 14 amid 2! e L i c i t  :u u u s - h  t h e ’  1 s i n g s

e ’xs-Im i noel it i t t  ts-m 1 t-ig I s-’a l i v  . A maul,’ i s - i  te degree  °~ P~ 
I mon s-I u ’\’ as-is--sitta

c-sp it its’ i i  ,‘i I s - I t ’ t’t ’I’st’ i’s - l i I t ’ll’s s- itttj I n f l  aunituat or V s- ’ its-h Is- I t a I t - i  t i t i i ’ s- ’ ~ I s-- itt a t  t lit-

re -s sp i rat s-’u v hi ranch jab as wi’ re-s s-m i-i s OI’Vi’el s - it 74 Its - mum i’ u; . hI’s’ t lie ~4 th i s - I s - l  s-

ms-It’ no phage in f II F rat l imit ans-I I itt i s-Its,’ ap i Flue ’ I i s - i l s-Ia get - i c’ C-s-i t iou ws-i it

tihse ’rs-’,’s! . Ri’ ps-i i n  vs-u s s-u I m s -m it t s-- s-imp 1, -s he ’ by t hu e 2 cal woe 1c • s- IS av I s-ie’ttca s-l L ’s- ’

d i isa ppt ’s-I t s - i u l s - s ’ s-if s-inteirp llol u s -’u s-’i ’ I l it 1 ,-i ,’ dt’bi’ l i t  tImid I i h m ’ i u i  s - i t t , !  lt t ’a 1 t ru g s-m t

l i t  ~uu rm’ul s-- i’ h i t , s-i e’Sp  Ito s- ’ s-’t l F I lilI e s-s -I axp s--’sul no. Tb is s uugg s ’ 51 oil s-u ,!,‘ve 1 s- ,1mun,’Iut

a I t s - m l ,‘u’ s - tu u s -’,’

WI tlu s - i c l l t , ’  c’x~i,msiu r ,’ ts -m low ca lis -’s’nt C-s-it i o n s  ( 0 . 5 pPm f u r  ‘u h u o u r i t  s-m r 1 .0

ppm far I luot ur ) s- i f  NO ,, , r s- u F it S i l t  t s-I l l-it s- s-i I- i ’ve’ i- ut II ’ Ic~ I utng t i t s  ulO i ll s - i l l fs-~’ it

1!), Iii F I i t u t t i s ’S - s f iuu i ruu ,’il it i t s - i s -- n  i f i  s- ’a ih iu ’rinietl i s - It ,~l ’ s s - i t t  01’ t-s X liastlno t! t,~
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m s- I t t  ci’ i i  5 we’ t’ , ’ n i p  F tire ’s-! s-uiu (I disci r ion t a i l  ami d s luowe -s s-l I s - i s  us s - i f s- v i , ’ 11 a sti l l s- ’

g i-n uts -u Ic ’S . T1I i s o c c u u  t’u’e’d pr i uui s--lr i i v  i n  t h e’ p 10 1 1  m l , Ii i’i ’t ’ s , ’1 1 I s - t u s h  u s - cu r ’  t 0,1,1,1 1 tu g

F I it st i e s bit t mai ms t tnarke-’d 1 v i t ’ s  tin’ mi’s-i i s - I — S t  I n uunu . Tht l i t  ri ’s ps -’m u u i t s ’ ss ’s ’mc ’d

revert ibis -’ in au ’s ima Is sa crif i c e ’s-I 24 a u ’ss- l 2 7 h a u n t  aft au ’ e x p t s u u r e ’ , since ’

the’ re went’ sumua I I an nuumbu ’rs of n i p  t tlre ’d mast i’,’ I I us in au’s i ma 1 it s s - u s -’i ’  i I I s-_ m s- il

s - it th~,’ se’ t I me’s . Thi s- aru thu s - ir s cau-is i d s -’ t’od that t lue ’ ri-s I s- ’s- t so s - i t’ g 1-an ti 1

ma Ft-sr j ab from th is-’ I s-tug mast s-_c’ 1 1 it in i’’’ s polusu’ to NO ,, I rita Is - IF I s-itt

us ign i f i as-h th s -” p u m t e ’m -i t i a l  on se t  s-if am-i s - i t’s-ut ,’ ii’s flam nu at s--it’v C-ail s-’ t i o n .

Cs-ui nea ~ I 5t s- Ins-! C- s-u F u t  expose-sd to 123 mg/m
3 

of NO ., fs -ir 8 Sos-un it

show s-sd hem s--im nluag Ic s - m d  e-sdema t o ut  I s-ungs . I i i  it t o  l ag i s -’ s - u l I ’s-’ , t i - i a  1 tun~’,s We-s re-s

I-ic-i t muc h d i  f t’o r e nt  f rom Fbi ’ cou ’st ri-i is ( 1).

Fs- 1 ev a u ’s hi-s ag i s -’ dogs were’ u’xps-s ad to NO ,, s-ut conca rut rs-u t i on it s-~~ ‘3— I 6

ppm f o r  1 hus -’ui l r  . Two c a n t  rol  auu i m s - u l s  ware ’ s-i i r vent’  i h a t e s - I  f o r  I h i s - m u I r

Exposeurc ’ t s - - i  7 — 16  ppm NO ,, was frequler -ut Iv asss-mc i atas-f W i tt u ac’s -its -’ pu i ms-inanv

s--sdi-suna w i  thi in 60 ml nit t i ’s , and t hi’ me’an dry We-s I glut /ws-’t we i gli t rat io w a s

12. 9 jut Fht a n i m a l s  (control nt -I t  io wait 18 . 2) . U l t n a s t r c u c t s -urs - l l

o x am i  na t  i out rs- ’vm’a i t’d d s-Iuring c’d s- ,’ II unemb 1 s - uri t’it , swe ! I i  rug  s- i f  m l  tei s-’i uo n s - h  C- i . ’l i i i

a l v e o l a r  s-- a i l s  w i t l u  i , m s s  c t  p i rie m s - ’s ’ t i s -’ vi’si ,-les and swt’ll i n g  of

s-’ndot li e’ 1 1 s--il s-’s ’ 1 I it ( 1— I - ‘ ppm NO ,, f s - ir  I Satin ) . Tita I runt’ r me-stub C- s- il -it- s it aui s-t

s-,’n i itt s-lO s-if mi h s- ’s -h r’s- iu ’us- !r 1 .1 s - l u  :;s-ippe’s-ii’e’d , s-ins -h h i t s - I-i s app as-it ’os-l itt s ’m tuIs -’t ii,’ I Ia

ci’ 11 S ri’s-lilt’ ing c n p i  l i a r ’ s ’  Iu um i its- I . li’u trs -u—a lv i’i m la i’ s’s- It ’ma oxami nod Lv l b

mi s -- re-iscapy was a a i t s ’s-’ is - I t ed u-s i t  ii I mpa I rs-s s- l it cur fact s- It-i t act I vi t ‘s’ ,~ u u , I  1 tung

cs--imp 1 1 -‘i t - i s -, ,’ . Expas ii u ’~
. u- i f  5 ppm s - i t ’ mor e ’ u

_
s--s sIt 1 tat! in (Ic- s i’ m’oa 5,-s t1 i’acos-’s -s u’s-’ s - ’ t

saturah u’s-I icc i Flu i n  f ru-im I um g  1 avagi’ (23)

Ps-u l monarv s--htan gas in five ’ sjme -sc los (mis-’i’, glu t tlu :t P ’ 5 ,  i’ :th ih i  i t  it s - m u t e t

s h c m g s )  , e x p s-’lss ’i m tc-i 5—750 ppm s - i f  NO ,., fat’ 5— 1 -’u .’sO m a i m -i tt  t i ’S WtI it i t t  L Id i oil l’s-’

H I ne - s t  at a t  . ( 2) . F i f  t ‘s’ part it pen ma i 1 i i s-- it-i was s -u s--n  i t  i s-’a I s - s - itt s-’e’il h i - u t  I s--in;

he’ low t hu  i s  vs-u h i_ ic ’ mor’t al I F y r ’n u ’ , ’ l v  as-’ ,’I I l ’t ’ ’ ’s- l vi Fi t t ’xpOutuhl ’t’s ill ’S t i ’~ $ ¶i s - - i ti i’ c

The pa thai og I c  c h a n g e s  i n  F l u e ’ I utng dev,” h t m l- ic-s e1 st’qc ut ’nt I a I lv w th u gras-l i a s - i

e’e!e-s ma , s-- i i i ’s go st I on , I nt or itt it i a I i rr ’ i t s - I t I s-m n hu’ou’ts-’hi I s- i l i t  1 it :ins-l l i t t s ’ C- i t t  I t Is - i l

f i b  re’s I it . This- s i t s ’  c h i s - l u i g s ’s ps ’r s l i s t ,’,! I n sl ime -s s-in mit a I it f o r  per i os- 1s uup t o  t o  ii

ms -lu -i F 55  , Tax Is -’ r s ’ it poruss’ it wet ’s ’ i t s -s hi s - ti-at oe! i t -i t s - i  f s -it l I s-’ I i i i  t s - ’ s - i  1 aui , !  ps-i I l i i ’ i s -~~ ,~ I

14
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c s -it t I t I ~‘~ - :  s - i s -’ i s i s -  - s- i spl u l s-’X I -i , se ’s-’ emt ’ sda i ’ s-’ t o  1,- it’ v u i l ’s- ’,I 1 ,‘elo rri s-I s - I t i u l  t j i a s m n  Is -’ t h I s - ’

~-i si I m o u i , i r ’v lun g e ’s-be ’uii,l • S m’e n u ’ii i s - -s I I t is arud I’s~-i~’~~~s--i~-i I i ; s- Ills - I p e ’i’tit:Iuiu s -r l t , ti s- iit

i n s -’ s - i p s - i s -’ i t at I rug I’s--s 51 s-iu ui-s in the Icing. Tii,s- its -’ f l i t s - I l  itg Wi’ u’ s- ’ s- u-i u-i s - ’ti I I 1 1 s- i n

,ig l’e’e ’fit t - s u i t  w i t hi s-il -is -I C s - i t t  fit ’ uit t 1 t s - t i t i ’ ii f ( ‘ ,l u ’ s s - n  at s- u I . ( I ) s-i~~ul K h e ’ i n~’i- m au t s - i n s - h

W r i e h u t  (II) ,

Twc -s vi’ s- 1o gs wi -s r~’ s-un ’ us that I Zt”c! s-ills -I s- ’ x p s - i u; ad t s- -i 0. I NO ., l It 0,, 01’

0. 5s-~ uu ri s -h i I s - i t s ’s-i NC) ,, . T h iu’ s ’s ’ s - lo g s  u’ s ’ s- ’ s - is - ’, ’u ’s ’ub ; s- i ri s - ! one s - l u g, was s ii I s ’s-i s - it 2’s-

i t s - i t t  nit and 2 s- m s - g s  a t  48 l ie - is - u n i t  . ~r hs --s 1 u~ng s  Wt ’i’,’ s- s - s a m  I Itt ’s-h fs-ir

S i’s t i - i pat it s -- i l s-’-ig IC c’hus -u utga s . ‘rhui cit ;ings--s it wers-’ f s - m s -’ a I . i m c . I cud i ns  s-’d,-sm:I

‘l’s’par i n  I’ ha t ion , hs-’urtcm i’rbiago , di’sqiuamat i am ’s of mtucosa art,! bi’ans--sltolmrut -stuniotl I a

liii’ say s--s r i t v of th is -’ Ii ’s I s-’ifl s Wa S pnci i-i~-i~ t ions -i I t i ’  t lie’ s - ki t ’s - u t I s--ill ntis-I

s-’ s- ” i i s -’ s ’t t t  rs - u t I on of NO ., (35 ’u ,

Pr i m a r y  I t ’s i s- ins a p1-i t’anad i n  1 e u t u g  s-il vs - s -s -’i l l  cf  sq i l l  ru e  I uuuo tt ks-’s-’ it i’xpost ’d

for  2 lit-inns t i_ - i  1$ , $— s-) !s- .0 tug/rn
1 

( 1 0 — S O  ppm) NO ,, . P r a g re s i t  I vt- s a 1 ye ’ s--i b a r

a xpauis i s-in occs-l t ’C-i’s-I W i  t hi I nc rea  it i flg C au i c s - ’t t  F rs-l F I e-iu l it s - - i f  NO ,, . At 1 8.8

mg /rn
3 ( 1 0  ppm ) NO ,, , ma u s-’ ss-’p Fal hni s-z ’sks s-tpp t’s-i rt’tl s-ins-I t h e ’ a is-’ u ’s- i l I

s- x ps-t n - idi - s h  m a r k s -s- s-l i  v , li’s some’ s-i r i’s-I S . is - tr e e s- i j r ‘s’s- ’it I s - li -s it W I tlu ,‘xh C-is-mi’ is -’ t hi I n

sop t a  I v s - I l l s  W(’l’s- Set-st ’s. Otiis ’r’ I I st uu t -s s al-ips-sa rs’eI t i - i I),’ utt irm na I . At 2$. 2

m g / m a  ( I  S ppm ) NO ,, , a 1 vt-si-il an F I SS  ito wa s  s- X p s - i i ’. ’ l a s - tm w i t  h i St 1 1 1 1 ma 1 ws-i I I
thinrt i rug a u i h  p at  city i u t t i ’i ’t h  i t i ai in f I I  t i’s-i t ion w i t  u 1 ‘s’mpiiai’’s’ts ’s . ‘I’S ,’

brs-iu’uctu jo b s w e -s r i - s uan’ma 1 . At ( iS  ,8 ~~~~~ ( ‘15 
~-i~-ima~ , NO ,, t int ’s-i s of hi t ,’

i s - l u-ig W, s - r s -’ s-” s-il lapsed atd a l V e ’s - I  ar ss- sp ts - t ho s- s-Imni’ var’s’ hase’mp ii I h i c .  T h t s - ’

“ s r s - - i l ’ s s -’ l i  I we’re mod s-- s n a  F ’  lv I nfl arne’d s-il -is -I some’ slu mwe’ul op I Flue - s i I al pro i i ft - s t _ _ u t  i s - mi t

(18) . Exposure’ to 04.0 mg ‘ma
3 ( SO p~’sm~ NO ,, rs-’ s u l  ted in ox I rs ’mi

‘ s o t  i cuu  i s - I C -  s-I I i s-i t s- I t I out ur t~~~t a 1 cs -i l l  apse s - f  a 1 ve’ci I I , ,u I s--ing wi t h u  u s - S t  t ’i ’si t  i vi ’

•‘t h em :i n t i s - h  I ymp h i s - i s -’ vt e ’ i n f l  I t i’s- it l u-itt . Th e ’ h - it ’,ins -’lu I i t b us - m w a u l  op I t ’u , ’ 1 1  a I S u I t ’  I s - i i ’ s ’

s--s rs -mus I s-- it -i s - I n s - I  s- t ii; t’l’sci’ s-- s f s-’ I (Ia,

I n  s--i t b u e ’r i t t  11 ( 1 I s - -st NO ,, e u q - i s - - i i t t u r s -’ s-i t 188 s- ins - I  ‘S’( ’s trig ‘un ( l O{) I 5(1 pptu t~
, ‘ s - t u m  s~~s-1 u- cit it at i t-in s- i f  s-- 1 11 at’ ‘s’ m s- iv s --snt t- s n t  i n  ra 1mb I t  . 1 1 ‘s t .s- ’ i n  r c - s p i t ito  1 1 uim C hi s

I u -u i  i h i t  i s-in s- i f  F l ue -s u’ s-t l’ s’ cm f c i ,-sa I’s - In c s- s- if  pal’ t I s-’ l a s  l s -  t l t e ’ fi tu l i’ s- i s-’ ~1 I at’ ‘s’

~u p p ~1rs-l ti lt ( 790 mg / rn
1 s - mu ’  420 ppm f , m r  I 8 s - s i’ s- m i t e! s ’s ( 17) , :i u is - l  m s- iu ’kc’tl is - it  u s-

s - i f  s-’ i u s - i  f rom thus t , ‘rmi n ,’i I h rou t e-i t  I s - i l  s - I t ’ s m u t ’  I s - i s -’o ( l~’h

IS

- “~~~~~~~ -‘—~~ ‘-‘— S ~~~~~~~~~~~~~~~~~~~ ~~i1_ - _ ,~~~, — -- ~~~~~~~~~‘



Va ”ss-’tu lan Pe’rme”a b i l i tv s- - i t - i s - i Edema F o r m a t i o n

Sht e ’rw i n  ,‘ins-I RI s - l ’u F s- ’u ’s ( 3’) U sad thue t r it i s-urn— labs” h e -sd me- s t  It eis - 1 fs--ir

s-Is t o ct  i ng  small clu s - itt~’,i’s i n  ps-u lms -iu ua rv ca t - i l! ! ar ’s’ perm e-s.’ihi i i  F v .  They iisu d

Fr I F I s-tm—label c’s-I ts-’rs-im t s- i s-I 5 5 0 5 5  m t  rab ram-id ’s I a 1 pr -c i t e  i n  1 s-’akags’ , ans-I f s -’t un s -I

t h a t  mi cs--s exposed to O . -’s- mg/rn
1 
(4.0 ppm ) s-- if NO ., fo r  14—72 ho u r s

‘1 shows ’s-I F nau ’s s I an t i t s - t ’  rea sos ii’s i rut u—al-i rtmnch i a 1 rach is --i 1 5 s - - i t  ope . t I tle t 0 t b l e s-

t 
pr o l i m i  n s - u r v n u a F t uns -’ s- f ti1 i s  I nvo st I g al ’  i c-in’s , this ’ dat s-i cs-i nnot h,-s uu i t ’ d  f s - m i’

co ns - s- 1 s-tus ions about eds-’ma fs-m rm ation .

Stud i s - s  wi thi human vt -i l uti taar it on a i rwa’s’ i- c s - s i  i t t  s- il - i t’s-’ I rid i ca t e -’d aciut s -s

i-s f fe c  Fit  s-i ftc r IS— 45 ml I t s- i  t i’ ex p o su n s -- s s  to NO ,) s-’tm n s-’,-s rt t r at  ions s - - i f  2.8—3.8

mg f m
3 

(1. 5—2.0 ppm~~. Ns -m s-’s i rwav  r e s i s t a n c e  was ohs i - srv c- sd a t

c on c e n t r a F  i ons b i t s  t h a n  7 .8  m g/ rn ’I (I . 5 ppm) . Changes  i n  s - u i  rw :iv

ni_ s- s i t  t a n c s  were ravens i hi e. Thit’ fatal I s- ’vs’ 1 f o r  it s - I m a t - i s  i s  282 mg 1m

i S O  ppm ’) anti above . T lts -’ sm’ Ii I gh s-- s Ol ’ s s -’s ’ u - i t t -at i ons au ted pu I mi- il-is-i t’’~’ adams -i ‘i t ’

h ro tts ,’h i s --i l i t  is -s fi !-i rosa i-i51  i Fera l - i s  that ns-’sull ted in  s-lea Flu . ls-owes- r C s - ’I t C s- s I t —

t rat is - i t is  (47 and 140 mg/ rn 3 ; 75 and 75 pp m) p r o d u c e d  pn eunuor t i s-l and

branch I t I it • wit i cli wi -s re- s r e v s -’ n’ s lb 1 a .  P ermani - sui t si-sq i t s -- s i  ae , t- s-’st i  I t I tug 1’ C-tim

s-is -- il Fe e’-sxp s-’is une , were nat fotu n u d i ui t h e  fs - 11 ow—up no pot’ t s ( ‘37 )

L i v e r - c e l l s .  P ace s-’t al. (40) s-’xps--ised strain 1,, m o s -u sa  l i v e r  cs - ’ i i s - s

and Hs-’La ci’ i l s  to var i Oti s conc - s n t  r a t  I titus s--if NO ,, and found Fi t s - i t

pro Ii far-at I on wait  rs t a ri_led s- ut 8600 ppm nti s-t 4100 ppm NO,, . At ‘‘s-OO ppm ,

pro I I f s -’ r a t i o n  was re t  a ndes- I it ’s a major i t~ of  itt ra I n I <‘u I  F s-u r , - s i t , b l u  I I t t  One

st r a  in Flit- sri’ appears-s- s-I to h-ic s-is-’ Futa I itt im uil at i s-mn . At I s- iv an cs- -il-i t - s i - i t  r a t  i s - i t s

(1500 s-m d  800 ppm) no adverse’ s--s f f e c  t i t  w, -s re s- m h s a r v t ’ ul ; in 1’s-ti’ t at t im s--s us

there appe”a re’s-I to he’ increased pro i i  far-at i s-mi -i s- At 10 N-its-u s- i f  NO ,, f i r  a

s - s i n g I c-s 8 ltouur s- xps- iu4 s - l  r i’s- , e’tr two t i m F ht t s - t  8 his -ms - i t’ s- xposii ri’s ,mrt saps-i n:i ts-

day it , Fl i t- s f i na I ca 11 pe’upti 1 at  I on in th e-s expt-s u’ I mac’nt s-il gi’~-i uu p it exs--seed s- il t h u s - m it ,

s--i f t i t o  co n t  rol g i-oups. At- F l it -s sam,’ t i m e ’ , the  I s- m t i l  neimbs ’i’ s-’t s - l s -- s s - i s-l s - s -’I Is

i n  the  s-’xp er i met-i F a I group s  was 3 5—4 0 ” gre ’ s - i t s - s r .  It s-i pps ’a r u t  t h e ’ rs ’ f s -~~’s’ tlta I

NO 7 h a u l  .1 si I glu t  i t t  i r n u l a t s -’s -ry u ’f f e c t

I 
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cans-- anti ta t - i t with a Cyts --ix Ic e ffic t - This ru ’s-juic ed thi s- s u ’ ss - um i ie’r s - i f  vi s- ih l~
ce II it i i ’s  t h e  cs-i l Furs -s-s exposed t s - - i 10 ppm NO ,, to  he 1 ow this -i t feieiu ’ss- i in

ct-ill t rs--i I c i i i  F s-n rc’s . The-s ne-s t i’s- - s i t u 1 F ws- it i ,  II g rt,wFh I n i lb i t i s - m i t • wh i cli

i n c  ns-’a sad w i t  It Fits--s ds-i rs -i t i s -’nt of s-’xp u’it tune ’ (40)

Li vu ’ C- t I sit u s --s of sq c u I r u e ’ I maei u ’ sk c’vs g i V e s - I - i  2 — h o t u  t’ s - s x j - i s--i s u rs -, it t s- i NO ,, vu’ ri ’

ds -’im s-i gs-’d itt pr s-- ipor t  I s--u t s - ’  Flit- s s- lass--s . A r 28.? mg /rn
’3 

(I S ppm ) , ce-s II s

ha i l os-ins’s-i and eievs-” I s - p s -’d s-i s- I a s- i r c’s’ t t ip ! a itimi vi th s-s-l I it p h s-iu -s s’d th us -’ l et’ I s-h ud

coi gas ted  i n t s - r s t  i t  i s - i 1 spas-- s - st . At Q4 mg/ma
3 

(SO pimm ). the l vmpl’socs-’t i - s t

i n  f i 1 F rs-t tad i i  vs --s r F I s i t s - i t’ s- it - is-I t here’ was s - s - t t t t’s-,’u l  abti I an- nec ni- i t  I s (18)

Ki dn e ’s ’. Exposurs-’ of  rs-t Ft  to I s- -iw ct- i l l s -- c- s m - i t rs -t t I omts s- if NO ,, (90 . 77 ppm )

for  I S s - i t - i s - I  60 m a i n s - i t s -- s t  s - I l  d not  a f f s -’c t t h u s --s k I s - In s -’v t im m a u l ’,’ W s i gl u t  u ’a t I s - ’

I ) . tn thl e sq s - ui  r r s -’ 1 ms-it’sks-’y , 2—iu m eir axpos s-It’ s- ’ t i m (- iS .8 trig ‘ma ’3 ( i S pp &

NO ,, pr ods -is --ed swo l h at-i rs’l’sa 1 g I omt’ru t l s- it t u i f t t  at - is - I s - u t  <) Ls- mg ‘ma
3 

(SO ppm~
tl ie -srs -” s-s’s-i s es-- !m ,’rn s-t and l ymp he-icvte in f II t r :i t i s--in (1$)

Heart - 1~n the ’ s q m u i  m e  I monIc i-sv 2 ltour s of exps -’ i s s - m n u -s t s -m NO ,, p1’aul it s-’ad

card i ac l e s i o n s  c o m p r i s u -sd uif int c - s r s t i t i a l  fi lm ro si ’s ~~~~~ mg ’rn ’3 
~~~

p p m ) ’)  and edema (94 mg/m
3 

(SO ppm ) (18’)’).

In a 5 C r - i s - s i t  o f  s-- s x p a r i m e - s n t s  w i t h  lt s - s - i i t h i v  m a l t’ ‘s’o ! tum’u t s -’i- s r t s  (‘70—IS ‘s’ s- - s t i n t

u - i f  a g e) ,  individual s were expose-sd to 0.225—56.8 mg ’m ’3 (0.17— 30 .2 pjim)

s-- if NO,, and F lu e o l f a c t o r y  F I t rs -’ sits-i I d  ms-’:i s-s- s - ir e’s-I u rns - I s -si’ vs -i l’ I s - - u s  s-- s-mm ’ss-l i t i s - mm - i s

At 0.225 mg/rn
3 

(0.17 ppm ) s-- if NO , . onl s- ’ a (s-sw suu l ’  s-sc l’s i’e-sspondu-s ui ts-

tl’ua s-”dor.

Eye and Nose, Fi ftc- set’s rats , iS gut I twa p i gus , ‘1 rah-ib i t s • ‘3 ms-’t lks -- s v s  s-i ll s-b

2 s-logs war s- ’ i”xps - i s u -s uI far 8 Itouurs t i ’s- I 23 m g/ma ’3 of  NO ,,. Si gus of s--s ’s- - s- -s

and u - i s - m i t e-s i rr I tat i s--ii’s we’ nt ’ no ted  dii r i n g  t he his -- itt rs of a xps- i s u u  ri -s . At this -’ i - s i t s - i

of the 8—hs-mttr exposure’ per lad , the rabbits ’ s-’’s’i’s sitowt ’ s-I si gns of Cs-m r - i - i s --s t - i l

s--i~-ias -’ it v (at 8 houirs ps - - i t t  —ax pos s - u  rs -’) a 1 t h l a t i g h st 11 i’s- ’ as -’ t i vt-s t ti i i  glut . Ills-’

ap~u s - it ‘s- wait pa r s i s  t en t  d u r i n g  Fit,’ 20—day ps-m s t —ex )-iOisu lr s--s e ’shs s-’rv at  l ot’s l’se n l u -is-i

( 1) . E xp es s - i re at I owcs- r d u - i i t c -s u-i (90 , 77 ppm ) t
’

s-”r sh am - t er h- i s --s r i , ’s - l i t  ( I  S s- ins - I hO

m i l l  re ’ seil ted I n 0,-s’s--s I rr it at I on au-is-I r m s  I-i I rats - i t’s-’ s - l ist m ’a sit i t - i  r :i t it • l a s t  i ri g

s- i v a n  s-i ps - sr  i e ’ms-I o f  7 s- lay s , h ut  F l u e ’rv W c r -C tic s- s- ie s - it hit (I . I

- ‘ 
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St cii! I,’t s--ill hs-um s-in ‘s’s - mI s- n ut  i-s e- s i’ s sh ow t u s-u t NO ,, s-- is -I s-- i l’ l i t  lme - s I’ s-’ i I ‘s ’s - i h I s - ’ s - i l

cone lit rs - i t I ou t of 0.2 3 m g/ rn ’3 
(0. I 2 ppm ) wh u i l u -s c h uau ’s g e-s it i ri s - I s - i rk

s- is-I s - l p t a  t ion s- ’sccu r s- it 0. 14—0. S mg/ma’3 (0,075—0. 26 ppm ) . The- sit s-’ nc’s

w a r s --s s-i s-it is --s s--oinpan is --sd by pat hi s-- i l og I s - a l  s-’ f f,c t it s- iu’id Wi-sr - i’ itt a l l  s-- s- it t’s-u

Inttti c-ss-l I s-It ,’ Iv revs-’ h’s lb is -’ (78. ‘s - i )

q , Cvt o! s-m s-
s-~

i c  and  Cvt~~~t’netic Effects

Ns-m r’ ’ ’pot ’t s  W et ’ s-’ fs - iuu uis - I  s- in t i u e s-’t ’ f s - s -’ tit s - i f NO
2 

oil rni t s -i s i i t  at’is-I

s-s -hi  t’ s- ,m s-iss - t m e’’<

10. Mols -- s cs -t har Effect s

St m c t  s-ira I Prs-mte ins . NI t i’ogeu s- l i s-tx i s- I s --s s - s - i n t  s- il t t i ’ F i t s -’ s - s -’t ui f i gs - ut’s - i t i s-”ii s-- i t
’

1 wig p r - s -i t s -’ li - i s • c’s-m i I agen n uts- I s- I s - i t t  l u ’ s  ( !s -2 ) . Rabbit it ws--st’i’ s--sxlm um se’s-l F e , I .

mg /rn ’3 (I ppm ) (I rs-ihh i t) or Q . ~ tu g ‘ii (S p~-ini) (2 rs-ihb i ts ’) (s--in I

lle ’tt ir . F o u u r  au-i iina 1 it it s- ’I ’’s’ s- ’ uI ,I 5 C O t ’ s  tr ots , Al 1 au ’s ima  l i t  vs - - r i ’ k I 1 I~~ s-, 1

I mms’el i a t s --s Iv after s-’xp e - i s u m r s -’ , s-’xci pt oi ts- -s r ace  i v  i rug 9 .4 mg 
I 

~ PPfli i

wIt i cli v s- I  it it as-’ r if I s-’ed s-it  2’s- hi s-i s-ins a f t  s l ’ a xpos  s-Ira . Tlts--s I t i rug i t  v s- s -I ’ s--s s- s- xc  I it ad

arts-i e’onvs--si’ tt-stl to a 1 I p i s - I — f t ’s- s- u” l-iowds--s t’ f ront  wit Is -_ li u’s - il I s-lg s s- t’s s - tu ’ss - l a I ,ust It ’ s s-s’s- ’t ’s-’

s- -s x t I ’ s - i s -’ t s - s - b . f l i t’ (s--s ri - s i l t  in I s - t i F r ’s - u s-’ i s -m i , ’ I it p s-s - c t  rop hio t s-’tfls -’ tn’ s-’ I rid Ii ’s--i t t -s i! this - i t t h i s ’

m s - m i s - s -’ e i 1 ,‘i r st r i te ’ t s - i t ’s ’S s- - i f  h s - i t l t  s-’all s-igt n allui  s--s Is - i s -u t lu ’ s wot’s--s s - l  t’ u ” i ’s- -s s-I in h-i s-it h i

s-’ xps-iitu re-s g m’s- uup s . Ills-- s i t e  s-il te s- i’s-i t i s--is-is vs-- s r i ’ t ’ i s - ’ s ’ i -s nit h i s -’ w i t  l i l t - i  2 ’ s- h is -i s -t i ’ s . Th s--s

as - u thor s s tu~’s-~,-s Ste ’s-I t h a t th t a  mas-’t abs-u II s-’ s- is -’ F I ‘s’ it s- s -- s t’ this --s i tun e’, t I s i t s - i c’ s-s-’s- i 5

ri ’s- l e us - os-I i i i  the -s l i i  gh i I y s -ui ’ i s - l i  s- s t - is - ’ I ron m s-’ t i t  pr~i~h uu s -’~-s s - I liv s- -sx u -is--i uu s - ins -’ t s - NO ,

s-i ns-I sp ecs-u la t e -sd t h a t  r e s - p c” : i t s s - l  s--sxpu’uit uu i ’ e s- C s - ’ N O , w i t  I i  u ’ s- ’ m t s - ’ u l n r s ’ul t m ’ep s ’a t s ’s- l

s-Ietis-it ii i’s- ut I s--in s - f  s-’Iast ii ’s s-m ci s-- s-i l l  ags--sn , uut :iv lie’ ,i  (s-i s-’ t s- i t ’ itt Fhs -’ u - s t i s - i l  u ig’s’ s-m i ’

1iti I mania u’ s-’ e’mpluv se’mna

I! . ~~ t-s-m ducti v e and Taratageri is -’ Effects

No ie ps--ir t s wet ’s- ’ fot iu ’s s- l  s-mn F i t s --s s- t’ t i ’s-’ ts s - i f  N O~-s t i i t  i’e ’ i- i i’s- i s -i uus -’ t I s-— i t  iii t lie ’

aehn il t e’xper imes-nt s - il a n i m a l  • Its--il ’ was s- ills - ’  lti f s - rm: m t i on  f s - m u u t u s - I  s - tnt i t it i - s i t  as-’ t s - m i t

t ue f ett us

I
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1” . Metabo lism

The’s- few studies on i n h a l e d  NO2 i ndicat e that it is probabl y

distribu ted tl’sroughout the lung and that a hi gh percentage of it is

absorbed (43, 44). Von N is -’ding (43) and h ’sis co—workers exposed

volunteers to NO
2 

and anal yz ed the gas concentration in exhaled air to

determine the extent of absorption . TI-ic results indicated thtat 81—87% of

exhaled nitrogen is-s absorbed durin g normal ventilation and th at more titan

90% is absorbed during period s of maxim s-tm vent ilatis -- in.

Ichi l oka (43) desi gned a model airwa y to simulate the dy nts - s- t i is -- beh avior

o f NO,, wit h in th e resp iratory system. When NO,, at 9.4 mg~ rn’3 (5.0

ppm) flows--sd through the model , most of the pollutants penetrat e-sd tbte more

distal regions. More exacting sti_uchies of intraps-ulmonarv distribution and

absorption , such’s as those available for SO,,, have not been performed
wi th-i NO 1.

14 I’The s-’ffects of NO,, on CO,, production from 
4
C— lahe led

substrates was studied by Vassallo et al. (25). The results indicated

that NO,, in h i g h  c o n c e n t r a t i o n s  (10 mM or hi gher) increases glucose and
pyruvate oxidation in resting alveolar macrophages. These effects are

present also in phs-igocytosi ng alveolar macrophages except for comparable

prod s-uction rates from 
14
C—6—g lucose in alveolar muicrophag es

during phmag ocytosis in time presence or absence of NO
2
. Since ingestion

rates were impaired by these c o n c e n t r a t i o n s  of NO,,, even tite similar

production from 
1
~~C—6—gls-tcose could still represent stimu—

lat i on of glucose oxi da t i on by NO,,. Th’sese effects on gluucose’ were not

persistent , as evidenced from the lack of stimulation of 14co
production from either 

14
C—l—g liicose or 

i4C_ 6_g ls-ico ss--s when the

lab eled precursors were added 90 minutes after NO,, (10 mM). This -’

mechan i sms of these  a c t i o n s  are not  known . It was hypothesized that t h u s -’

oxidation of the pyridin e nucleot ides regulates tile pents-’se shunt and

glycol y tic pathway.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~



13 . Carcinogenesis

No reports were found on tl’se acs-Ite carcinogenic s- ffac Ft of NO ,, in

experimental animals and humans.

I
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11. 5~~I~~~(’fl~~~(,)~U(,’ ‘t O X I C i T Y  (Sits - i t t  ~~~
- n ’

I . H ma Eff ects

Le ’ t s - s - ’s- ) s - t u ’s s-,- s o n i f l t S  . S F s -’a s - ims - iu u u t  s - i l . ( 1) exp o se-sd r a t s  , gu u i n c a  p i g s ,

rabbits . s- Is -mg s-u atd mor’ske’vs t i_ - i  67 mg/rn
3 

of NO., for S h i s - ’ s u u r s  ‘d ay ,  S

d,u s- ’it ‘ s-s’ , -s s- ’~ s-s- fs-— r 30 exposures . Tilercs- was rut-i di f f e r e n c s -’ it ’ s t h e  i s -s -i us -’ s- m c v t s -’

s-’s- ’ s - t t i t  -u h- s-st Wc’Ofl F rca ted and con t ru-i l at’s ima I it a t  the s-’t’iul s -- if F lue s-’xper i ms--si’s

-\ s i m i l a r  s-’s- l m s - s e r v a t  ion was made’ on the same S spec i s - s - u  axpose’d corut iu’suous is -’

( 2 -s- h e - i n n s / d a y )  (s--it’ 90 days ti’s lowe- s r NO ,, c s - ’ s t u c e u ’ s t r s - m t i u ’ s i t s  ( O . ~~ , 1 . 0 , (1 .2 ,

2 1 . 3  s-mu -id 21 .6 mg, ’m
3 
(3).

Hemog I obl i n .  Stc s- s-t s- iman s-’t a I . (3 ’) a l s o  ds-’ Fermi nt’s-I hems--i I oh i n  s - i t - i d

l ’sc’ma tocr  it lev i- si it it t lt a  h i s -sos-I ui’sde-sr the’ ‘s’ i rcumt t s-inca it s - l e t s - r  j i m s-’s-I s- il- i s-i s-’ , ’

and fouitd no di f ference between cot t ro 1 s- ltld t n s -s- s-t t s - d  at ima Is.

Pcel- s-’cvthe’mia. Fres--snian at al . (45) fos-urid po l vcvthta mi a in r a t s  all owed

to breathe 3.8 mg,-’m
3 ( 2  ppm) NO,, on’ more cont I nuoiis iv. Tlus-s-

concetitrat is --in s- s - f  the” a r v t h r s - ’ s s - -~’ ti’s rs- ita w i t h  i n  2—3 we-saks s-intel ad ’s ii ’s-Ts - -s s-h

level s wi’s i cit wers-’ 4 O — l O O s -~. ahovs-’ basal in s-’ vs-i l s- ii’ s .  Af ter some dci as-’ , b o t h

htemats --icr it and hemog lobin I i ’ve- I ross-” • hs -ut tcs .1 lesser degrt’s- s-u s --i t tu s-i t this - ’

f i t  11 v develops--sd po1 s-’cv tliemi a was cha C - s - i c  t i _-s r  I zs-’d by a re’s-Is-ic t i s--it’s it m e an  ants-I

c ,-ir ps -us es -il ar vs--i i s- u rn s -’ , mean cor p s-u scu i I ar homog lob  i n  s-ins-I ms-- s ar i  ca r ps-ut c’ s- u i s - u r

l’semogl oh i n  concen t  i’s - u t  i s --i t -i . Th e’s- cs- II i i i  s-i t- d i ams-’t i-sr s we ri-s ruoi’mna 1 . TIts-’ i’s- I s-’iei s-!

s - - i f  monks -’vs (M. spec iosa ’) exps-m sas -I to ‘1 .8 at ’sd 16 . (1 mg!rn
3 

(7a r’sd s-i pp &

NO ,, followed a simil a r cos -irss’ (-54 , 45’).

Methmemog loh in (MeHh’). M1’Hh apps --sared in the blood of rabbit s-t i-is-i i’s- its

exposed to fumes prods-ice-sd in t i me  s-- s l cc tr i c a rs -’ w als - Iitt g procs--sit s ( -s t ’ )  . Rat it

expose-sd f or 6 hours/s -Is-tv s-lays (ws-’s--’k for 43 s - I s - u ’s-’it t s-’ fs-itns- it conta iui i rig ‘4 ‘
~ . I

mg / rn
3 (2 4  ppm) NO,, developed 4.5 Ft - i  21 . 7’~’ Melib (ms --sat ’s of i 3 .t-i ’~-) .

Detectable level it were  sF i l l  press -- s t - it s--in ti-is --s II Fi t  s- i s- is -’ s- s - f this -’ ps-’s- st— s-’ s-’s-ps-m s iu r’s
11 

ps - ri od. Rabbits similarl y i-sxpos s-d for 45 s-I s-is - ’s fot’rnes-I an ayes-rage’ i’f 2 . 8”-

Mel-lb (range 0. Q—4~ Si~) . On t h i s -’ 6th s-Is - is - ’ s-i f  ps --ist— axposure-s p en  i ad ,

dete -s ct a h l s -” amos-ti-its rema i ned in m s - i l ,’ rs-u h - ihi ts s-mil l s-’ .

I
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~1.n is ’ r , u t  it s xps - it s -s- s-I ts -’ 1 12 tng/m
3 
(70 pimrn ) NO ,, for 6 iii’s-irs -‘s-la s-’

s- ’ r m c ’d ‘
. ‘‘

“ Ms- ’hll” a l t  , s - r  t h i s - ’ first s - Is - is -’  s- - i t’ s- ’xp s-’s- si ir s--s s-is-md i” - h’s-v t ! t s -  3rd s-la s-’ .

11 i ’ s- ’ s- $, u v ‘u .t ’ I ‘i’ s- s- - “- s - u i ’s ’ • t i n e s- 1 s- s -y e ’  is - s ts- ’s- ’i ’s- -s w i thu in - i Flue’ con F r i _ - i l rs - m t ge .  In

~s- s i t s s- 
~
‘ xp,’m ’ i s- - si , ’~ ‘ • \~ is ,‘ - ‘ is-i t s-s _ n ¶ s - s - it bc - s t  w,’c m ’ s  12—1 7~i s- - i f  t its --s ut it C- o s-u s

fu me-st a xi ‘~~ c s- s-I ,i it N ‘ t a.

Bot’sa Mar rs-”w Ch,mnc,et

Ns - ’ ri’ ~-s s- in ’  I S is- ’, ’ s- s- ‘ I s - s-t u t u 1 wit i ,,‘ht ‘s- ‘ h ’ s - - s’ - s- 1 s - s-~~ s’ ‘ , ‘s- , ‘ N s- 
~~~~ ~

, , , - , , -

s- -s a us - ’ “ ,s - ‘ ‘ ‘ s - s -  - ‘I e xp ‘s - I ‘is ’s - i t ‘ t i - i  i m s- i  I ‘‘s- iui t s - s - i ,t 1

1 . i n n t n s - t u t s -  I s- ’s- ’ t s -’ I’ . I I c ’ s- I it

F e m s - i l e -  gu t  I nc-ss-i p i gs-u (I. — lS . i t i  i ’ s - , s - I  ~s- -i s-s -’ , ’ t ’ , ’ ,‘‘u~’a’- , ’s-l s- •d s - i s - i d  ‘
~O

s - i t  t~’~ 
‘s- ’ii s - I  i o X l  s- i s- ’ . T h i i  u’tv m i n s - I t e s  h a t e r  t n s - ’ s - -  i , , ’ ’ , ’ ‘‘,s-r ’’ u~’’ s- s- -s 

~~~~~~ 
a s - 1 s - i j  ,.,‘,i

‘s- s- ’’ ’’’  ‘ ‘‘ • “ “ i i  ‘ ‘ i s - i s - ’ —u • 
‘h ’ s- i is t n’s- s-t t ttte’it t was r ’e’ps - s-n r u ’s- i ‘ ‘ - ‘ s -’ s -~

’’-s- s-

is - i t “V.1  ‘u t I I s- ’W s-i i v • - , “ V ‘ v ,~ i s - ’  tO ~ts- ’ s- i s - i its-’ i t t  i’m i c a n a p iu v 1,i x I

~ 1 ‘s- ’ s- ! ‘ ‘s- n ’ s-~” .‘ s-.s- , ’ , ’ s -~ .s- ‘ ‘ ,‘ ‘ s , ’ i ’ s -  I - i~ ’ , t i t  I s - ii’s s- - i f  t t i s - ’ a n t  i ge’s-i . Th e ’

~t, ’ s - s - s - . ti ’ ‘ b u t t  i s - s - i ’ i ’ s-i s- ’’~~t • ;‘s- ,~’s- “ : ‘ ,‘e’ s-’’tI s - i s - s - h ’s - u ’ s -  , i ’ i t l ’ t ’ s - ’ i t s -  i ’ s -  a - s - i i i i ,’, .m

I s - 5 I~~-s~ ~t i : t l i s - t , -s ,~ s - u s :  - s s -’ t ‘‘ s- s-.’’ s- - s -  ‘u , ’ ’ t O  . ‘i , ;m t  -s i s- t e ’  -~ I ‘ ‘i_ _ i s -’ ,‘ f ’ s-

i tiiini t~s - I i ,n t s -~~~? s- . n t  I,’’ r ‘u s - ’ ‘t ‘ s- u - s - ’ ‘ e t , s - ’  , ‘ ~~~~ s - .  .,,.s- , -s ‘ , s- ,~ i , i  - - ‘ s ’ ’,  • ,u s s - s - s - ’ s- ’ s -  - .

mi i i  i i u s -’ , i s -’ t  s - c i’ , ’ , i , ’ t i , i s -  s- ’ ,,‘e t s - t , ’ s-! ‘u s- ’s - s - ’ m ,’ ‘ p u ‘ ‘ . ,‘‘,, ‘s .-s- , ’ s- . ‘~~ s - ’ : ’ ”

it i I rogc ’n s-l u s- ’’s- i s - t ,’ ‘‘ s - i t  s- u s - ’t s-., i t ’ s- , ‘ ‘i ’s-’’ . I t s - s - u t  ‘‘‘ 
- s - i d , ’ , ’ i ’ s - s - i t s-’ ’ ’ ’ ’ t t

mi u ’ s t t t s -’ p r c— s-s - x p s - t i u m ’ s- ’ t i ” (1 s- ’p :’:~~~’t  - s - i t n s - ’ s- ’ , ’ ut s - l i  ‘ ‘ !  s- l s-~ , ‘ s -s -~~ tt i s - ’’.l ‘ , s - n t’ u ‘

vi s-I the at “w ay s  i n l t u s -  s-~s - I  I s - i s -’ ,? p i e- it 7

T F Its -u s I - i s ’s- - s i t  els -’rn e ’uis t n’s - u Fe-ui I u s - n t s - s x p im s t t r’ s- s- I s -’ ? s - ’s-s-’ , ‘ s- ’ u t s - ’ s- s- t i t  i t  I I ‘is - - - .‘t

t’s- -s s - ! t I s -’eet t l ls--s n t ’s i i t t s - I t t s -’e cs- I’ ss--s s - ’s ’r s - t 1 i s - u s - o r a l s -m v  s-mi t i ttns - i s-u I a 1’~ t s -’ i i ’’’ i i

i l-i f~-s s-’ F i s--in ( ti-se acu t i -s i t t  its - I j s --s~~) 
• lit is ri’s-I s-teed re-it I ‘s-t s - mrm cs -’ is - s ret Is -’,’ t e s-I I

the’ i n-ic rs-s-a its ’s-I ms-ir F a li t  v rs - i t e , r ee l s - n e ed  l i f e  51’s-it’s, s-m is-h C -e s - Is -Ic es-i s-mb i l l  t s- i s --i

s-- is --sari vi s-tb I s -’ hac te”r I s-i f r o m  Flu e ’ s -  1 s-tngs . M i s -’c cbs - il l s-’ttgad wit 11 ms- mn t s -u s-’ — a s - l s - i  i - i t s --s s-l

t s-’pe’ A in f I s-ienza vi mi s it t  ra is -i PR 8 7 its- s-us - ’s .i ft a r i n t s -’ mii i t Is -s uit s-sxj-is-is tire

to  10 ppm NO ,, fe-it - 2 ilotlr !d s-i s-’ f s - s - t ’  1 s - n’ S da s-’s s- m u ’ ,i fte’i’ s-’ou’st i n ’ss - t o un s

s--s xpas cure s- to 0. 5— 1 .0 ppm (NO , ) f s - t’ is-~ s- Is -i s- s , shows-’s-i i t is -’ re a s s -’s-l m ar t  a ii F

s - is - s - I I ti N-sn- st it I al pnc tumon i a (s-S )
p



‘s- . Cs - - s n t r a l  Ns -’ r v s -is - u s  S’s-- s t e m  ( C N S ’i E f f e c t s

Ns-m rs-’ ps--in t t wi - s n’s-’ f s - - i s - u n t d  on its - u i - is -’ht i’oui I s -
, ef fe’s-.’ F s-s s - - i f  NO ., in s- -s xpc’ r i nit,’ii t s - i l

u s- I ima s-u s-am lis-ums-tris

S~ Rs--s i n avior al Effects

Na r e p o r t s  Wi_ s - C - i-s fou ui’sd s- tmri s s -uh ch  ran’s i c ef fec t it s - - i f  NO ,,, I n expen i rne ’-snt s-il

t i  s- is-i i ‘ s-u ’ s - ’  ! u s - i s - n ,, t, it .

• • I’ ’ s- ,~s-- s - S

N ‘ - ‘ ‘s- s - n t  — s-. ‘ - s . ,- ‘ - - - N s-

s- ’ x j - i ’ t’ ime ’nt  ,i I s - i t t  im.m ‘_ s- s - s -  s- s - .is-’

7. B I a ch e’s - m i  s-’a I an -i d Hi s--u t u’s-chic’s-rn i s--a I Cli  s- i ne ’s-’ s-s-

h t i t i s -~ . ‘~ i s - u s -~ i ,’s-u s-”f  a l t e n ’ s - m t i u ,n in - i  e’u’tzvnie a c t i v i t y  1 s - ’v s - - s 1 s  i t t  h u ng t i ’ s - i t s - u s -’

s-’, it - n ‘ I r an’s- j is- t tI i t  i s - ii’s s- tm f NO ,, !-iav s-’ shown tita t Fl-is-’ i t s -’ chtan gs-’s t s -’nd to

,m rs-’ ’ ir , s- , ir  Is - ’ i ’ s - , ’ s - n - s - v  p r s - ’ s-’ s- s- s-ls ’ s-- h  i s - s - i c_ i l it i ~~~i i - u  . Bs - u s -— k l s --s v and B a i c h i s - u m  ( 2 8 ,

s- s-i , “O ’
~ , x p s -’’; ,s- s-’ ‘i i s- - ‘ ,‘:s - ‘ s- ‘ s- i s -  ~‘-u ( —O ,n ‘s - i rn ,s - I ‘u d int F I ‘ i s - t s -- s s - t s  I s-’ fat’ s-ui-i to I-i

we’’u’ks t a I I )  s- t i s - d I S ‘r~ ’ s- -s Ni s- 
- . I’S,’ in “s- ,i ‘ s - s - s - s- - ‘ ‘ I s- s-d s - I  s- ’ :i s- i ‘- i s - u s  i n s - -s

ds-ur t’ng time expet’im e im t I ‘s-’ — .~’ s-~ :us - ’ s-s- ’s is - i - I ‘ ‘ ‘ s - i ”  s- u t l i s - ’ i t  s - s -l u  s-yes - I I t s - I  I s - ’

, Is - ’ ls -  s-- s- i rs- gs-s - ui s - i to  ( LDH ) . arts-I ,iI s-Ic I i t  - ‘ a s -’ I I s- I es • l’Ss-~: ,‘ is-’ it .1 ,‘ , ‘ i s - s - s - s - -s- I ‘ ‘ s - s - I

s ‘ ‘ s- s- I s--st-i ‘1 LD1I ac t i vi t y in ti-ic 1 s-in g I I s - s - it s - u~’ t h u - s - ’’1 ,‘s- s - t I ‘i s -’ , ‘ s-
~~
’ - - ‘ ‘ s - ” ’ ’’

‘ s -  s ’ . s- s-i n ‘ i s - .  I s - - u - ‘ -is -’ t i s - i t  s-’ u.s-a it s - il gn j~ i cs - tnt lv  s- ’ I s - s -  . u t s - ’ s- ’ s - in I 7 s - Is - i s - ’  ‘s- s - i s - i ,’

- i ‘ ‘ Iv - ,~ , ‘ , s - s- - ,-s s- i i f t  ,s-r ,‘t - s- s - l ; i~s - s  s- i f  s-sxI’Ios s-I r s -’

l~ it Wt’ s- ’ ,’~~~’ ‘
s- . , - ‘ ‘ ~~~~ s-’;-s” s- ‘‘s- ‘ s - s -’ ’ s - s - ’ s -  ‘ s - i I is - ’ s- Is -u n ’ irs - i’ , is-” s- l,i s-’ 

i “‘ ‘ . i
’, s - ’ i t  r - s- q 

~~~~~ ~~
. ‘ 0’ s- ,,  ‘ s- - ‘ ‘ s- _ i ’ ’ ’ I I’s- ” - , s- ‘ ‘ ‘I . I’m ,’ at - i  ~~~~~~ 

‘
~ s-s- w, s -n ’ s- -s

~~ i t ’ t t i s - . ’~l n t ’ s - - i  i t e ’ is - ’ ‘i t’ ,’’ s - ’ ’ ’ , i’ s - s -  i t  V s ’ s - - s ’ s - S  s- ’ts -s- ’—

Tt i , -s I jv ’rs w s - s - r ’ ‘ s-’ s- ’rns- -si ’ s- ’,I s - i s - I • 5,. “ s - s - i ’’, s- s - s - si - s- u s- i i  ‘ s- • -  t - - s i  c~ i s -  i ’ s - t n t  I t

I i p s-I i - s ’ s - s -’ ~ ,i,i t I s-, ’~ e-s .i s - i s-
. - . :‘ - s - , . ,~~ ~~~~~~~~~~~ 
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vi

Bla~ d . lii s-i pre l imi i ’sa rv tes t , 4 gi u i n c a  p i gs w er e  c s - xp s - s - s s -’.d to  0.36 ppm

NO -s cs - s-nt i nus -’ss-Is Iv fs-,u’ I we’s-’k to s-ie’t amt ’ni ni_-s ths- a ffi’s-,’ t ott 0—2 ,

1— s-I I phosphs --ig 1 veers-u te ( 2 , 3— D P C )  c e n t s ’s-u t of  ru ’s-h hi u os-l cs - s - I l  s-s • Ri - s i t s - uI t it

itiis -”ws -’s-I s-i s - u i s-zn I fi cat -it I ns- rease (p 1,- s t it ti -ian ’s 0 .OS) for  exposed  aut irna h s as

ccs-mp s - i m s -’d w i t h - i  no n e-xp u- is s --sd co n t r s -’s - l  s-s ( 4  a n i m a l s )  ( S I )

RI p i u ”rt s- s- ut ant i_ I ,ls -’ss- ,nt tes-n ( 52 1 exp s--is-s s--si_ I we ’s-ant i  n e ’  n’s-u Fit s-’i’s ntt I n s - u o u n i t  I s-’ s - i t t , t

s-I ’s- ’ ns-t rn i s-- a l l y  t i ’s- s-’s--ineent rat I 0i s-i s - f  NO , of  0 . 5 ppm and l e s s  far 2 , 4, ~ ant s - I

H ‘s- s --se-k it (S • 7 , ii s-ins-I 20 i’s- itt , ms --s it p s-’c t i vs --s l v  I • A t t h i s -’ t irne of  s ac  r if I cs --s

h i s --i s- i s - h c a t  :t 1 .isi_-s s-’atici_’ntt ms -i t i ant s tee- n ’ , ’ une- sa s i t  r i_ -s s-l . ‘Flu, ’ cs -u ta ‘ i s, ’ ,is-’ F I vi t v in

this -’ S l s -,”ad ts’ ,i S s - I ’ s-’ C - s --ss - 1 s C ’ s -t at all t ims -’ it wi tt t ti’ue s-lee i’s-s-a its -’ h’s-’ ii’sg

it t at ist ieaU s- ’ si gt ’sific at ’st for time St it  s-i n s-I t i t S  wes’k. Assay of g l s - utami s -’

s-u s-’ id  ar-is-I s-tsps --m r t ic a c i d  d i s - i  i- is --it that.’ sig n i f i  s-- s-t i-i t d i f fe t ’ s-’nes - s i t  hc’tws-’s - n ms-’an

cu-i l-i t ri_i l ants-I expe”r ims -’u’sts-’t I vs -u i s - u i’s I~s-~s-u • g I iutam i c s-mc i s-s-I , it s-u t t’s- ”r s-i u u p s - nr’t i s --s s-?tC i s - i

i s - c s- s-~ i I s- - s ” s- ’s - i  c ’  i-i s--s tw s-” s-’n the me’s- s-in’s vs-i I s - u - s it cs-f t h i s -’ tw s--i g ri_ i s-ups was

- ‘ i t ,  ‘s-I s- , n s - s-• -s-i s- s - s - s - i t  i s - ,’s- it t t

i s - s -_ i  . ‘i s - -  ‘, ‘ ‘ ‘s - i s -’ ,’ it.,1 s- ‘‘‘ s-urn ‘ ‘s- . s- s-i 5(11 ,
~~, s - , 5 i , s- s- 1 ‘ , ‘ e t  t , ’s-,’t  s- i f  ‘s-4)

s- ’i tHe I s-’ s- is- C , s- i ,’’ i -s i ,’ .i , • iv t 1 n a ’s- -
. t s- ’ I - ‘s- , ’,i i’ 

- 
- , s- , ’ t: ’s- ’” I ’ S is- i , ’

‘ ‘~~ p s - ’s- c s - I  ‘ is - ) s- ’ s - I s-’ u - s i - s~s- s- -s I N ,  , ‘‘ s- s- - s- m~’ I ‘‘ n e  I ’ s - s - u - , - ., , C , s- i - i , - , ,  s- ‘s

ws-’e-ks • ,u t’ F s- ’i’ s-,’’i I s- ’ t  t i , ’ s- i-s’ s - n , ’ ‘
~ u 11 ,- s- i a s - i s - ’ t it,’ u s - - i  S r~’ms-~~s - - - .i I - s - ’  ‘s - i ‘ s-’

s-h’ Fermi na t I on. This--s u’s- _ s ps -’s -is s-’ s-”f  tHe ” I is - ’,’ n’ s-,s-’,s- s ~ ,t ‘ i s - ” ? , ’ is’ i l l ’  s-H ,~ ‘ s- -

, t  I s - I s --i lass -’ s-ic t I s - s -its - ’ levi_ i lit is-Sowing i i-is-. r e-a its -’ s- s - s - i  tl i u ’xps-i s s-t i ’s- ’ , is ’ s- i i ’ ’ u7O , d.i

is’s - C - ,’ v an s - u S ? , ’ .

K i s - I n s - ,’’,’ . K ’ l” , ’ s - ’ ’s- ‘ n’ s- sn” s-’,,,1 - s - , ’ ,i 
~“i C’s -s-’x p s -’ s - i t s --s s- t i s - ,” 10 s-t n s-I i ~ prim ‘s - f  NO ,,

• V.1 r s- ig i”, ’’ s- ,‘st S , • s- n’ ‘ s- ’ ,I,t vs — 1 , ” i,’, ’ ’  ¶s s -s- ‘s- ‘u ’ i s - n ,’, ’ s- 1 c 1 s-’s-’a ted QO ,,, s-I C-us-I

it s- s ii - I s- C.’ ‘ : I s  s-~~, ’ C  5e s- i s- ’ • t V  i t ’s-’ W .i  “ d s - s- s’ s- s- ,i s e ’s - I ‘s-i e’t i i I s- , ns - ’ t iv

1 ‘ ‘ -s
~~~ ‘ ‘ ~ 1’ I s - ’  ,‘s s-’~~~~;’ - s- - , - ‘ s-. s- s-i ‘s-fl ’

I .‘~‘n • 
“ s- - r “ - ‘ - ‘ I ‘ ‘ s--s t-si” - N~~ “ is - ’ ~~ ,- s j s - ’~ 5 ’s- sw, . ,i

its - C~~t i 1  I t  i’, t s - i I  I s -  - • - ‘ ‘1  s- ” s- ‘ s - • ’ s - s -~ ’ s-~’ • 
‘s-l j , . ~~‘ , s- s- . ‘ ‘.s- , s, I - s - s - I  - s ’s-u

i i i  I s- i , ’ it
~ ’ 

“s--s  I ~‘S

4

IILiIr ~ 
‘
~ ~ ~~~~~ s- - -  

— 
— 
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8. ~~~~~ We- s i i~ht. ~~~~~~~~~~~~ 
Or~,s-ins

B u’sd ’,s- We i~~~it. R:m t it , gut  i ut , - ss - l p i gs-n , clog s , ra bh I ts s-ins- ) unm oum k ,-svs - ; w,’ rs ’

expe ’ssc’s-I to NO,, at- 67 mg/rn
1 

far $ h- i s -m s - irs/s - l as - ’, 5 e I s - i v s / w s - ’ e k  for  s - u t i - i t s - u i

s- i f  ‘30 s-’xps -’iss-i ret . Al l s-ii ’s jilts-i l s-i e xlt lb it c ’s-I v s - u t ’  v i  h g  s - i s s- g r’,es of i s - - s t  hm :uu ’g v  a n s I

s- Is -- s pt ’s-i ’s- i • This--s rnimnki-sv it wet ’ , ’ ms-- is t i t s - u s e s - ’  1 t  j b i s -  s - i f s - I  ti m e - s mi-it’ tin 1 1 t v u’ s-mt s- ’ s- m n mt oii 
~
,

all t i- i c -s i_-s i t ’s ws -t s-s- h i  gli . This -’ it s-m s - it s-’ wu’ I ghi t g al  n i t  it t s - s - ti C - v l v i  n’sg au-i i nm’s 1 ‘-u in a I I

tp s-’s-’ i s - ’iu s - l i d  itot s - l i  f (‘ c s-i ’  usi gu’i i f I s-’ai’st l ’s-’ f i ’s-s- tui th is - s - its -’ s- s f  cs - i t - it r’s - ” I s .  A ti mi I s - ut ’

ohts s -i~vs -m t i s --in wa s rn:mdc’ on t h s -’ s- - l a m e I i  Vt ’ spc -sc i s --sit u-sxposed i’s- s -nt i t i t u s - m u t t  iv ( 2 - s-s

h is - m i t nit / s - is -is -’ I s- — i ’  ‘10 s- Is - i s- s--u ) t s- i NO ,, s--s i_ -it -is -s- i-si-i t n’aF i s-suit s - - i f  0. ‘1 . I .0. .7 2 I . ‘3 s - i r i s - I

2 1 . 6 t n g , ’m
’3 ( 3) or to  0. 5 ppm s- h i s - I i t ’s it C rs - n r) I

’
s - i n ’ 7, ‘s • S :iuid 1’ wet s-k .s

( ;‘.s-
~ h m e - s - c i r / s - ts - i v )  ( S.’ I

Pulmonary E t t ’s- ’c t s ’

P a t h ~~1e-i~~i u ’ Ci i au ~~ &’s . K i t ’ I t ie s- nu n an  ar id Wi’ i gu t  ( 3 3 )  e x p e s s --s uI rs -itt , rs-ihh i t s

il-i s-i t- ’C i m nc i p i  s- ‘ i s- i  I S — 2  s- r~u~nt s - f  NO I in — l i e s - u i  pe i I Cs - s- I I “ i i s--, i t s -  u c S’ t Vs

s - I s - u ’,’ it . This -s s - mut t in s-i I s we u’ s- -s i t s - us-S r n f t  cs --ss -I s - i t  1 — 2 1  d ay  l n t t s -’m ’va 1 s s - i f  t s - n  t I t s --s Is - mit t

expos tint ’ ants -I this - - s 1 s-tu gs s- ’~~s-unni i iii ’s-I hi  is to l og i s - s- s-i I I s- . Es -Jc ’u na s - i n - is - i  i i i  f I s-inuiirt s-1 I ion

w s -s -ns -’ l i ’s-i s--u ss-’vs -’n’ s- ” in thts -’ cs-ar I s-s- i t t  ags-’ , i’ss-ut ps --s i ’ I h s - i ’t’i n u ’ii i s - i l s - mt t s - l  ps- s-i ’ s- v, its -’uu Is - in ’

i_’it nc - itt i C in m f 1 a uimunm s- i f ,’ I s - mu m ws- i’s- Vt ’ i- V m s -m n’ ks - ’d I t - i  t Ime u’s-u t- an ts - I  gui i s - i s s- :i p I g .

F pi t i m - s i  is - i l t ’ s s - s -’ s- - s t t s -s- t ’ s-i t i s -- i ’ s -  ws-t s tie’s-F p~’s-i~~ u’seu’t t s- it - i s - I rep s- itt’ w:ts s-i l utus - i s -’t s-’umtttj-i i s - ’ t s- -s

1w 7 s - I s - i s-s - s pos t —s -s-is-ps-is-i c i i ’ s- ’ , Is - s-u t I r;ucs -s it s - - i f  i n f l  s-luiilis-t t i s- i t t  pars i i t t  s-’el . I

I i i  s- i ns-’st I ii ’ n’ s- u t  i t i s - I s-’ his-urns I u s - n ’ S  ws- u’s- ’ c’xpos s-’s-1 t o  NI ) ,,, u’i-iui  I i t it us - itt s- u I v fat’ 10

ws-’,’kt s-i t NO ,, es--i t -icc- s i - it r;i I i s-- itt i- i f  85—10 1 ntg im ’3 ( !~ 5— 55 ppiti~ fs - mn ’ 21 — 7 1

i s - s - i t  n ’ s -s-i s -i I T~ ( 511 . A t  t ime -s s- ’ns-I a I’ t hit -s , XFs-i)ii in ri -s pt-s r I cm i i • s-mn - i i ts-ta Is ws -s n ’s ’

I s-• s- ’ s - h s - i l l s - I  t ime- s I i i u t g t  r ’ , ’m u m v s-’ s-I s - i t - is - h  c x s - i r n i  t ie ’ s-I I i i  i t t  s - 1  s-mg i s - a I i s - ’  . :c-itt I n’ s- i I

in n i - i i , t ‘ it W e t , , ’ ‘ x I s - s - s - s - s - u’s - i I s - ,  a I r wit lns -’ s s - , I s- i sIs - ! I I I s -- itt  , - i f  NO , s- a n ts - I  s - us -n s- ’ C- I t i s-i’s-I

i s - - , s- s- e l i  nts - ’, i s - ’ i i i , ’ s - us - ti n t ,’ s chm e s - Iuuli -s s- i t t his-’ exp s-s-u ’ imi - s n i t a l  a t ’ s i n i i s - m I  it . ‘I ’It s-s- I I it s - s - tn t ’ s

- ‘ ‘ I ,, ’ , s- 
~

1 s - s - s - s -s-
_ s - i s-tim i ms-u i s- h i s- I us -ol ’ it!mow i s-rnphs- ’ ss-’rns -mt u -iti s s-’It : m n t g s s- s-u i t s - m w t s - vs- - s m ’

s - i  i ’  • u • ‘ . ‘ t s - p s -’ rt ms - s-~m hi  I s -’ dl ma tt i s-,s’s-s- s - iumul s - ls -’tq eis -ii mm a t is - - i t - i s- i f  s - p  it his --s I i s - i l s-’s- ’ I I it

• ‘
. ,,I~,c, ’ u V, ., f

•

- —— = ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ A
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i~h i t i  I h ’ s -ut t i’ e u c ’ I t s - u ’ s -i I ,~u u s - t t i  I I t u t s - i ’ s-s-t s - u s - I ’ , ’  a I I i i , ’ t u n i s - ; s -s - I  1 ,‘ s- u t  l s - s - s -’ s - t  1’s - j  s- ’ s - i

s- s - x I s - s -s - s c ’s-I s- s- s - s u i t  I m ute s - ut i s -,’ i s - ’ i ll Is - Is -un s - st NI),, I s - s - n ’ I s -  wi - , - k s  a u u , l  i’~ s- ii tm l n s - s - I  I t u i m g t

n i ’s - ’ s- ,i l c s- s-l i uis -’n ’ e . i s ’ s- I i’s - ut i s - i  s- s - I  t s-’ I s-e ’ , ‘ I i u h c ’u uuuts - i s --\’ t e s-u I s - i s- s - (  ii, ’r i ’ s- s - l i t  I um this -’

s’xps-mt s- s- s-I gm’ocip • ‘l’im s-’ I’ i ris- I i um git , de s - i ’ I v i s- s - I I i’ s - s -t i m ( O s -i s s- I s- s- s-’ C t’s-~ui nit 1 s-’ ,‘s-~ is-b h s- i t s - s- i ’s- n’ , , p l u s

i u ’ u s - I i s - s - it ,‘s-I l i i i  s-’ls- s- s - s - m I u is - s - i~ s- s - I  I ’ s - I s - s - s -s -s-I  fs- 15 ii , i i ’ u ’ i  i _ n - I h i n ’ s - m ui gh i t s ’ii l s - i i ’ s- ’t u u , s - t i t  s- i t

tu I t i’ s - ut ’ ii in t s-’is- e ’ I ‘i ’ 1 1 s-u it s- ’ s- ’ s - u i ~ s- i i s - I s -i I s- u s- ’ , i I u t t t i t t . i  m ’ t~~’p e s- ~ pn t c s - u t t t m o s -’s- ’ t es- u • T h e -s

I e i u i g t  s- i f  t his ’ i ’x I s - s - tc s - I s-i n’s i uiu s-u I s - u s - il it s-i s- s - x i t  I l i i  l u ’s - I  titot’ s- ’ I n ’ s- - s s - h u ic -s u i t  i n i t  n’ s-te al Is - t i  s - ut ’

_ i u ms - l  i -x t t s - s s -’ s- ’ h  i t u I , n ’  h i s - is - I Is -s- is -h I s - s- s- u ( s - s - i 1

Rat it • ‘- , i  is -i I t  it , ~~t h I tic ’s-i p s - u’ s-u s - 1 s -i s-s-,~~ , t u i s - i  t t is - ’ i ik s -s- s - it i s- X )mOS “ s- I to Ii 7 ms-’ ‘un s- -i I

NI )  , I s- -s n’ S I is -m u u i’ s-u /s-i s - i s - ’ S s-l s-t s-’ ’s- ,- s- we’s-’lc Is-it’ ,t ( s - i t s - i  I s- i t  10 s s - X p s -i i t e u m ’s- s - i t  i t h i s - i w i s -s-I

s- _ u s - u  s-it 1 t n  s-’i s-u ig e s  I I arm s - t u m s - I  I , ic :i I I t t ’u n i s -s - s ’ t ’hi :m e -, s- ” ins - t Ii,’ I s- u t u s - ’, s-u . ‘1’S Is -u was-i :s l s-s- s- ’s-

‘;s ’ c ’hi I nm c s - s - t i C  i s - ’ I s-u i s - s - i t  (i s- s - n h i s- s - u s - s - ,’ n  , i s - ’ u’ n ’s- s- i s- s - u t m s - l  ur is - tv ~~ s-’ , l i e s - s - t m  i i ’ s  ps -i n s - I s- h is - ’ t i ’s-

I s- ’i ’ uut i u t , u  I s - t s t s -ux i:m ( 11 . N s - m u u s - l v s ’ n ’ s- u, ’ s- ’ I t’s- ’s - t  it w e - u’s- ’ Se- u s - ui  w l iii l ower s- is --is,-ss , , j

N O , I 0 .’) • 1 .0 • s-i .,’ • s- s - I  . I s-m is -h 1 -s I . 1’ u ’ s- ~~~ 1 s - m i t  s - t h i s - ’  s- i t  ( his -’  s - i b i s- it’ s . I i s - i ’

s - s -p e e - l et I s - s - I  I s-s-w i h g  s-’ s- s - i t t  m i s - u s - i s - u s - I  ex~s - s-- i i ts - i n ’ s- -s I “‘
s-
t i t a u u n ’it  ‘ s - I s - i s - ’  Is - i n ’ s-)() s - h s -ts - ’ s-; I ( (1

hiatum s t s- s- i’ au - is - I gs-u l u te s - s - i  p I ~‘, s- u i X p s- i s -u s- s- s-I t is- NO , I s- ir ‘. I t s - s - u i  i’ s-u ‘ s - I s - i s - ’  , “ s-las -’ it ‘ws ’s- - sk

I s- s -r  I is- s- ’ u i i t c -s s-’ u u t i s - s -i ’ s - I,u s - ’ s-u s - s t  ‘il nut’, ‘uti 2~’ Is-pull ) s- ’ s- ’s- t i ’c i t t n ’ s - s t i s - im s- i s- ’s-’ s - I s -ip s- s- s- !

hits - nit Is - is --al t s-s-p s’ s- ’ I u s- t i l l s- i t  s-’ s - s -u’it is - m I I u t i s - s -u i t  h i s  iii ’ itt s- s- l’s- ’ I u’s-s-ni I t t i I I s - i t h s - t t  at

s- s - x~ ’s- s -it uu m ’ s- ’ ( t~ut i l - is -s- s-i ~iI ~~~ “ I s- 
s-s - S I  • Au ’u ii I tn’ s - is - u t n ’eus -’ (ci t ’s - i l it t ins - is - ’ s- i t  (lie ’ 1 s- uits -’ s- i t  I 2

guu iu te s-i p i gs-u s- - s x p s -u ’ : c s- s- l s- - s- s - i t t  i h uts - i ll s - u Is - ’ (s - u I 5.8 iiig ‘til
l 

1(1 PPtii) I s- il ’ I-s we ’s- s -k s

ithm owe s- s-h n ’s- - s - ut i i_ is -’ n ’ s - is - s - C ’ i t s -  I s - p s -’ I I pns - s -’s- ihl uoi ’s- ’ t s- s - i t , p i’s- s - it s - t in ts-sb Is - ’ n ’ s- ’i t e u l  I h i s - ’, I n ’s-intl

is- ’ I ’ I ’i ’ I s - i  .h 5 i ‘u ( s - s -  
~

ci , i t ’ s- I , i u i s - s- s - Si ms - I i’Iu tt ’u’ s- s-w (-s i ’ s - u t s - t i l l s -s d C li’ ~
s- I ,‘s- ’ I s - if NO - s- s -ui I b i s ’

t n n t e s - ’ s- ’ I I i  ,in’ ’s-’ s-s - i s ’s - ui ’ i  ui~’ n i l , ’ i i i  s - i r i s -- s - u t i t s - t i ’ s- s- s -I n ’ s - n I s  ui I i s -n ’ s - i  i s - s- s- i’s- i’s- u ’x~i s- s - t s - s - t u ’i I s - ’

NO , it s- s-
1’1 rst , s- s - I s - ’ s- s- t I nn s-” tu e1 s - i “20”, t C - - i s - u s - s - p s -i t t  I i nn us” . is -’ x l i s- s - s -u t u i ’ i s- ( s - u I I  •

tug ~~ ( 1 ’  im lm t i i l I m r ~~ s - I u t s-’ s- ’ s- I s - n it i s - t n  I I I i’s - l i t  I I silt I I ’  it l out c i t (i s - i ’ hits - ti’ s- i s- ’ I I i s - i n  v

s- 1 i s - i  h’ s - iu i s -’ i s- tii s-’s-’l i s - is - s - i sits- . ‘l’lt i s - ; s - Ic’s-,’ n’ ,”,s s - u s -’ iii is - s - sues --i s- ’ I I I si’ s - ’ is - ’ I I s- i t s- s-s-s- s - is - u it s- m t

i1C s -’i s-iii lm i iti  I , ‘s - i hi s-’ i t t ’ , ’  s- mt ’ s - s - au’s- t I ’ I s - ’ s-ihi ies-t’tt i.n I i t ‘,‘ s- ’ t  C it e s - i l s - i s - s - us - ’’;. ‘I’Its-s-’ s - i u u l it s-i n ’ s- ;

s ii  s-~s- s- s - u t  s- s- s - h t h i s - i t  t i ui ’ ~“ s- ’I  u t  s- i I u n i t e s- u’ . i  s- t i s - ”tt i ts - s t  wi s- e s- it N I )  - s-i ns - s - i I I i i ’ ni us - ts -’ ,i ,’ I I n ui ’ , ’

a P t ’ s - I  I , s -  I l l s  s- ni  e’b i  t b s - ’  I bis ’ s- ’ us e , ’  
~~

‘,‘ i s - i s - s - u n ’s- ’,- s- i t I h u , s- s- I 1 1 i • ‘I’s- u i s-u h is - its - s - i l-s i I i t ‘s- is- s - i t

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



‘
~

“
~i

I’ s- s- r um s ’ s- s- s - u t  his -’ s- - s x i m s -s - i’ I siis ’nt  it wit i C i t  s - ubte ws -’s- h I l l s - u t NO ,, ‘s - u n s - i t  I i ’s-’ t I eu im ~’,

h is - s-ins - s- ge- s n - i s - i t t’ i ’i ts - s-s- i t ts s - t  I i  u i k s ’ s- ! t i m  A l t ’  I s - i u’ma I i s- s -it ( ‘s- s-fl . Ot h is - r p s - m s - n  s-u il s - I~’

ni ’s - is -’ I I s-ins-u s- i l’t’c s -’ t I iig I lk’ unu s -u s -’tus - s- it ’ ,’ ( i t s - s - s s -~ wit h s-’h il ls - s -s- l i i v  ( l i e s- e i ’ s- s - s s - u  1 1 u k  i s - s -~ s- i l

i’oi s-s-’uit s-s -u’ ‘it s - h I t i i t  I bi s - it s - u I t  u s - C t  I b is -’ v i t s - s -s- s-u i t  s- s- i f (iii ’ intuit ’s - hit I, s- i 7)

l’l i s-’s- ’ s- I t ’ s- -s hi ts - s-i ’ , ’ S u i S s - , ’i ’I i t  I h m i  u s- t s -  t b -is -’ ( s - i i ’ s -I s- s ’ I t s ’e t t s - i t
’ N O , t i t s - h u t  r , s  I it

C s- mutt  i uie u s - m uus  s-’xp s-it turs -’ ( s - u NO t I  0 . s - 1 ’i tu g ‘nut (0. ~ pii~in
1 ( s - mr I u rn s-ui

s- - s - m s - u s e s - h  i s - u s - u s s- i t s-’ i i i s - n , ,i 1 s- c s -  1 ,t r c - s s- 1 b s-i I s-u n ’cu~s - t aim :t u t s - I  i ’ s ’ si’s - i i_ s - it s- ii’ s-’

h m i ’s- s- mts- ,’ii i s - s - I s - s i’ s- i t s - t I  n ’ tu s - , ’ I i s - u s- ( s-’$ • I , s - i u t g s s - i ’ s- ’xli s-m s c u n ’es u ’ s- ’ t s - t  I I ~ ii mi s s- i i ’ s- ’ s - us - s - s - s --n’ ,’

l ’ i ’ s - i t i s -’hi m s - u Itt ’ i ts-i t I s - u h u m l tts - i t i s - s - t i , I m n t s - s s - iu t lu -in h t js - s - s - i n s - I  m u- is - , h ’ s- s - s - i t s’s- I , t I s - u’s- i I ,u n ’ i t s - i t’ t . i s -’’’ ,

t~-s~’ s- s - i t s - I~i i ’ s-’ i s -i , u i s - s -i ’ s- i l  s-ti’ s- ’ xu m , i u u s- s - I s - it t  i ’ s - I t  h t u ’ t ’ (his - hit Si ’ 1it s-i I I s- i ’ s- s- s - u k  s - u i ’~, ’ ( 50

Cs-s-nt l u s - m s - u s a x p s -tm s s - t i ’ s- ’ I s - m r  I s - Is - us - s ( s - i  1 . 5 is-ng ‘ mit ( 2 Iili uit ) NO , C-c s- t u  I t s - s- s - I

I t i  e l t , i t t u ~s- ’ s- u l i t  ( I t s ’ I s u ’ u n t i  u - i~i l  hi i ’i’s-s-t s-’Ii i s - m i s - i t ’ u p i t h u s - ’ I i  ( hunt  s- s - i ’ n u t  s-u • ‘F It s- s-

ep i t  itt ’ I I s-tm s- ’ I u . i t i g s - s- s- I t n ’ s- s -ill s-t tt , i s - ’ C i ’, ’, , I s th us - mut ts - s- gs- ’u is - ’s- m t u s - -s- I h t m l u t g  I u s - s -- u ’ I s- ’ u i _ u

eit m i I s - s - t ’ t t t I u s - i s - i ’ ~s -t c’ii I s - t u ’g s- -s ih i’s-’ I I it . ‘l it i s - u c l i , u u s s - ’, s- ’ es-s - s - u t  I ’ m n t  h i s - s - u ’  s - l s -s-~ ’ u t i t i, - s t i t  ~~s - 1 hi s- ’

I Is - ,’ s- I s -s - u t ts -s - u i s - u  I n ’ s - u t  i s --itt s- i t s- m h s - t t s - ’t ’u ttui  I s- ’ I I I s- ig s- ’u is - ’ it i s - u  . A I I i i s - s - t ng !i s- I I I s-hr s- b ’ t s - s -.~ I

is - s -i s - t i i ’ s-u s- li ”,,’ I s - s -p u ’s-h i ts - ’u ’uuus - u 1 1s- ’ , t has-’ I n  ic ’s-I Cs - i on c s - u h f  .ippn ’s-)~in ’ l u t e - h r  .il thus - ’

.i~- i i  s- - s - i l su u n ’ t ’ s - i e s ’i t  s- ’ I  I l i t ’ s- ’e hI s - -u . ‘I’iii ’s-’ s- s -I t b ier ’ f s -mr tn i c s- iI ui e l I  I s - i or s - I ii ’s’s- ’ t s ’s- h

(hit s-ni i t s - C  n’ s - u t ’s- - C s- s-p I .ntsni I s- ’.n I I s- I us - Ct ’ s-’ s- ’ u s - ’ u u s - u I s ’s . I u I  r i m s - .’,’ ta t - i l .iitttt i C s- s- - i v t  I s- i I i s - s - i s - I

in’ uc 1 c u t  s - u t  b’ s - s -s- I  i s - s-s ~s hits -’ s-I,’s-’,s- I s- s - 1 ’ ’s-1 ~~ I m u s s- (I-sO , (‘I , i- s .’

[u s- s - I s - u I  s - t i  i ’ws - l vs -u I u ’s- s- m i  I t u u s - g s - s -  s- i t
’ 

i s - ’ s - i I  (liv ( i ’ s- s - i t t  i’ s- - i l ) i ’ s - i l  s-u s - uri s - I t i ’ s- s-nit m i t  it

s ’s-s - p s --s i-u i’s- i ( s - i I s--s ~s~s- uii s- i t NI) I s - s - i’  .‘ s - it - i s - I ,‘ s - Is - is - s -s is-’,- u i -s s- I i s-u s - s -,s- s-’ I s - s- s - i s- s- i t t  : i u t s - I

s- ’ x s - m n n m i ne s- I  es-’ I t Ii 1 it s- ’ s - i u t n i I uie - s- ’ l s - ’ s- ’ I n ’ s- m i t  itt i s-’ l’ s- m its -’sih’i s s- . ‘I’l u i ’s- s- i s- s-’~ ’s -s- s - s - u  s- i t  hi h’s- s - t is-’’t i s - s - I s - t i ’

s’p It in c -s I i s - u I s- - s- s - i  i s  s-,n , s - i ’ , ’ I ,iu ni I I t i s’s - h t I s-’)’c s- I , t s-i’s’ 1 1 s - u s - i d  s - il s-s- s- s- i s- 1 . 1 1 ’  l s -u ’s - u s - u l t

s- ’s- ’ I lit 1 . !‘lc ii ’  tilts - i l s- is-’ I t ’ s - s - I  sl u t ’ I , t s -’ s s- s-’i i, s - i t u ’, ,’s-s- ins - n ’s- ’I u s- mt i s - s - s- - t s- i NO , ~‘x 1 m s - s - s - I ut n’~’

l u t e - h  u u s l i s- s- h I t s -s -u s  s- i t s-s - I  i n  s- i  s - i t s - s - h  l u - is -’ n’ s- ’ , u s - u ,’s-t u t t i  ‘i t  i i l ’t s - t l I’,’ s- s - I i t s - t i ’  l u St ’ s- ’ t i i t h i s - ’

It s - m s- ti-i l i t s - s I I s - i ’s - s - m i s -— h i  i s - i l  I . ‘I ’hi i I s-’I’’’ I s-’s- I I ‘s-s-’s - t i t  s - s - n i h ’ s - I t  i n s - I I s - i l is - ’ i t s -p  I . i s - ’ s- ’s- h liv

u - i ll s -’ u’i’s-’ I III ‘ s-’s- s -s -’ s- ’n ’s- ’s-I s - , ’ II it , s - S u m s - I  I iu s ’rs - s- ws-i s-s - s - h um 1 u s -  r ’ s- s - n s - u s- ’ i i i  t i m e s - t i i t s -’s - t t t t  s- s - I

s- I s- s - h r  lit s - t i i s - I  s- i t s - u s -’ u’ s- m t i h l , i g s - s- ; iii i s ’s- i t - s- s - i t s - u i ’ to NI)
,, s- ’xt-s s- u s - s - i tn’i ( (51 •

Ii
Al  t b i s - s - u t gh i u’ s- it lii i I s-i Is - ’ s-’h ms -m tt g s’-u I t i  ( i t , ’ I c u t i t s -, s - i r i s - I  s - i l  ~‘~~- s- i l  s - h r  s- -j u t I t s - -s I t cm nns Ws ’h ’ s- -s

Ss-’s- ’ui i um s- i ilium s- it’ I t vs- s - s - I  i ’s - it s - u t  cu d let s- I um s - n I s- ’w n’ s - i l  s- s -I bit ’ I t i n t s - ’, 1 s si t  i i i ’ s-u ‘,,s- ’ i s - s-

u u s - s -t m l I s - s- i- I i ’s-I i s - s - I I s- s-s-~ I rig NO , s- s - x p s -i s - u t h t ’ s- ’ (0 .  ‘ Is - I s- tnt • ‘‘ i b ’ss - u s - u n ’ i t  I s - I s - i ’ , ’  I s - s -n -  . , s - i ,

-i is - i s - I I s- wt’eks) (s -,

-‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- “ ~~~TT ~~Ti ----”-s:. .‘_ —,



I i s -
~~~~~~~ ~

t, s-
s- ’ 1  I pt’ s-” I  I I s ’l’ , i t  I s - i t t  I t s-i b it ’ Is-i- s n’ I I s - t i e s- h ’ s - i t  bh’o,is-’ittus s- s- i ’ s- s - c u  u’ u ’ , - s- s- I ui utt u

c’xps - ’ssi-s s-t t o  O .~~4—i . c 
~~ 

‘~~~ (0 .  5 — 0 .  $ ppnt 1 l’ s- ’r lO~~~s-~~S s - I s - i t ’ s -u ( i - s I ) . K I , ’ s- ’ t n s - ’ u

n t i s -s - i ’ s-it s-’ s--i j i i s -’ s-’xs-tim s- l i-it -i t i s- itt s- s - I  I I s -is -’ 1 t u i ’s gs  i ’ s- - s V s- ’s - i  I i ’ s - i  s I i git I s-’ i I t t t s - ’ , t 5
s- , - -

ums - m t’utm a I it i s ’s , ml t s - m c h i s -’ii ’ss-I r I s-i i s - I c ’ ge n i e ’ u’s-i t’ I s-in 0 1  s-. ’ I s - t n  .u , t u ’s s - I  s - ui vu ’o I s - lu’ s- ’e s- I I s-u .- t n s - 1

s- s- s-I u ’hhis - i ti -i s-u s s- - m s - tu gs-s-s s-s-s - i  t i m  i n  t h u s -’ i~s- Is --ipi u ,snut . Cs ’n’nni I re ’s’ uui I s - i ’ u’xp~~se c I C s - i  s- i

tug ‘tu I s-
s-O ~ puu~) I

’
s- i t’ i’ S we ’i s - k t  ds-’v s - ’ I s - s -p t ’ s - I  s- s - i - i l l  I ts -’ I i s - u  I s- tb u ’s s - s - t’utts - t I i t is - s -s i i i (I ts ’

it u’onii’li i s - i l t n ’ s- s- u s- , ‘I _ i t s - - s i t s -’ W u s- m’ s- ’ utmo st  p u ’s - i t t l  u ’ s t ’ i ’ s t  a t  h i s -’ C ,s-i’uns- l u u,u i ls- rs-s -n s -’h i s - 1  , ‘ s - u

s-iu ’ss-I i i i  t he  s - i l  vt’ s- s - l i  i nuut s-’s-I i s - i t s -s - i s - ,  S u t i ’I ’ O s- h l i s - l  I t ’sg t 1t c ’ t u i ’ t t i i  i- is -i l I i n ’a t t s-,’ l t i, s - I s -’s -’u

i s - s - i )  , hi - i f’ I s- h u m u s-i I i s - s-ni s - lu - i s - I  eds ’iit s-i • u m u i t I  s x s - m s - I s - t  t I s -m u s- s - I’ wit Its - - s it 1 s- s- s- s- s- I i ’ s- ’ i i  s-u w e t ’s- ’

,t I its-i s - m l u t s -’u ’v s --s s-I , S t n i  k I nig c l t : i t h  i ’s i t t  hs-s -’t ti t i’s - s - I I : h g s - ’u i (‘ l b s - i’ I i s -u s - un t il b ’ s - u s - - si~ tmms s - n i t

ilt s- ’iit i-i I ’ • t t t s - ’ it Ws - s- C-e s- u’ s- ’’,’s’s-t lu ’s-I w i t  hi (lie s--s I eel u’ou’i s-n i s -’ I ’ s- i s s -s- s-ij ii ’ it ’ s t l’se I c t t - i~.s- it s- it n ’ .i 1 s

ex~m s-’s - i t s -’s-I t o  17 ppu n s- s - f  Ni) , f s - u u ’ s-~0 s-I s - is - ’s-~”( i’s- ui -i t i u ’ s s - us - m s - h t a xt ’i s- m s s - u t ’ s- ’ ‘5 
• ‘l’iks-

C s-xpos c’s-h s - u t i  I u uu ,u l i t  i t I t s -’Ws ’s-i hul l I d  n ’s- s - S p i n ’s - u I s - s -n’s - ’  s - l i  S I  h ’ i’t i t  W i i s ’h k I I lu ’s- I s - u t  Is - -s-

uits- s-it I it s  s- s - X I s - s - s - i t s - l i’s- ’ . In s-- s-s-ui ti’ s- ’ I s - ui m I ama I it i’s- i I I s-t gi ’us - I’ib u ’ I I s-u ut uids -s- n ’ 1 s- I ui s-~ ( h u ’

s’I’n’ul n_ i l tu s-’s-ms - is -’ht ‘ i s -s - l u ” I t’ss-
s- i’s- s -s - u t c s- s-I Iii s - u i ’ s- ’ w i t  Ii s - u g s --s s-S ui t a ~mj - i t ’ s - i  h’ s- s- s- i s - u t  s- s- I l ui ts - ’ u s - u

s-- n ’s- s- s-u s-u ’ i t s -’s-’ t i an , I n ’ s  itt,i i’ks - ’s-I cs-s-nt i ’s - u st , l ’ - m s - i h i t i i— s- i I s - I  ~s-t tt s’ i ’ s - p s - i i t i-s s - i C s --i I 7 PI iti s- s - t

NO ,, s-I a vu -s i apes-i vs-s -t’v I s - t i ’ gu s- f i 1 m i ’s - ! it , u p  t im 1 S t u s-u s-s-it C h i c ’ nitm n ’utus-i I s - Il s-titus -’ I s- s - u ’

(i’S) .

s-Ft - ic’ s-- s- i l I s- i s - ’, t s- t’s i s -’ s-’ii s-iti t’e it Is - i (his ’ I s-ins ,’, s-.s-s-’i’s-’ s-I c’ l u ’s-s - I  s-lb ls’ s - l it s- - s i t u ’ Is - ’ u-h it I’ s- I.i s - ’ ‘;

I s- i 1 I s-mw i rig s - i _ i  I I s- s- xp Oi t iu  C-i ” s- u f i’a iui u i t s-i C s-i 0 . 1’ s-s- I- il-its -- i Is - s-I ’ ‘71 b’ui i s- t u’s/s -Is-i s-’

F I - s ’s-,’ t rs - ms-i m i  s- ’!’s- i s s -’tu p’s-’ s- u I i t s -i l  si ts - -s t! i’ s-il I s--ig ,’ti s - s - l u u s- s- s-- s- ’ s - I  h i t s - i t - s-us - iufl s- ’ s - h eui s -i I i t t ’ s - s t  t s- ui-i

u—em s-i l t ic s- it 7 s-I ,us - ’s s - ti C s - u ’ t l tu ’ I i  i ts -u i s- s- xp s- m s s - u m’s- s- ( , ‘s- ’) ,

~‘as-u s-’s-t I s-mr Pu’i’nii’s-ih I I it ’ , ’ s - i n t ltm E s - I s -’nuta Fi-it’nts-t t Ii ’s-I’s

s -s l u - i s- s - i t s -’ s - ui I u ’s- u s - s - I t ’ h is -’ I s - u n ’s-i I s-u I cuuiv , c s- s - i n ’ b s- es-Is’unua ti ~ut it s- ’ i t _ m u mg a s-u s- i s- ’ s-~s - n t’ I ’ s - s - b  is-’ I I s- i i n

.i ls - ’ s- ’s- s -i s- in ’ s- ’p I t b t c l i s - tI s-’i s - I  l it ants-I . i l v s - ’s- s - I , t t ’ l u i t i s - l’s t  Its - tint s - n t tth l s - ’ i ’ th is - i l wu ’n ’ s- ’

i’xps - i s s -s- s-l I s - ’ cs-s - us - I I mis - us -m i n t NO ,, s - i l  0. s-t’~ — 1  . S aug -~hU~ ( 0 .  ~~- O . 8 I-sIs-utt ’5 I’s- s - i - 10 1 s- -s

‘ s - s- s- i s - u s - - i t .

Shie’i’w is - i ,‘uuis-1 i’s - sn ’ I i t s - m u ’ s  ( (- i(, s - is - s - s - s-I ibis -’ d l  i t s -’ — s -’, s ’ i ale - s - I t ’ s- i 1s - s- n s - s - n e - s - s -  Is tic s - I s - s - s- s - i  I s - -s

un , s -s -iit s - u re i u-it r s-mh s - i’s- ’n ’ts -’hi I .u I p m ’ s- i t s - s - l u ’s i t t  gut s- t i e s - u  iii g i t  t it s - it ws - s - c ’ s-’ s- s - x i s -s- s - s - s - s -- s - i  I s- s -u  s - i

wu s- s’k ( s -  i - i l l  n ’ s- ’ e - s -’i t  s - h i s -s - x i s - l u’ s - ut o. ~~s-
-s tug s- rn

t 
(0.”s- i~i~rn ’5 . Ti -is -’ in ps - s -’ I I mii i is - ,i u ’ s-’

retu u I t s  s -uh t e - i wts- s - I I i t s - i t  }mt ’ s-i t c ’ l i t  t i ’ s - i s - s - s - u s - i s - Is - i l  i s - s -mi  u s - i s - c u  1 I s ’ s- ! I n’ s- mu t s- s - i s  s- s - s - s - p s -u s - u s- u i’c s-

I

‘S

L ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



P i u ’~ s--s- i ti s i s-ti , t t ’i s - I  S t s - - sp i t e s - u i  ( ‘181 s x i i s - 1 ; s - ’ s - tm i’ s - I t S Ii ’ I ~ I s - t ins - i  NO ,, i s - n ’ I , 2 s- u n ,5

i’ s - is - is - -s • s - s - ms-t e l Sti’ pI’is - ’i’t s- -s I s- i  1 . (I-s- S ) w h o  a xj s -  , s - s - u s -’ s- ! s- u t  it t s- u I 7 I s - I s - rn I s- s -n ’ 00 s - I s - n t ’s

li i’s I-is-h l u-its-nt is-mn’s-- t’dcs-uits-i ws-i s- u a h t i ’r v s - s - d

I s -  ivs - ’r . R i  ppc’ C-i am’s s-iuis-I .I s - i l u t s -itt s-mu ( S s -  ) cs-xps--i s-s- s- s -s - h  ws- - , u m ’ u i i  m’sg rs - i t s-u I s - u (1. ~ pp
~

s-ti’ Is - - s it it s- i l’ NO ., s- ’ s- ’uu ’ s l i n n s - - i s i s  h ’ s- ’ ( “ ‘s I t s - s - t u h ’14 - ‘s- las - ’
s-
~ I s - s -n  2 , s-

s- 5 s-t u is - i 7 ws-’e’ks s - Si ts - i

f i u s - t n u s - l  nt ’s- Is- I s--u ti’s- I s- ij s - s-tt b u s -  I s-’s - e -  Is -’ s’ I 1 s - s- s - I  mit thus -’ I i s - s -s - t i - u  s- i t  s- -s x I s -s- s - nut ’s- I s- i t t i utt ,’i i s--u

~~~. (‘vtol c~~,is -’ s-tn s-I C v t’ s-~ c’ns-” t i s -  F I f s -s-c h i t

Tl’is-’ a f fs-’s-’ is of s-mi’s-i i s -’ s- ’xps - m i t  urs-’ i s - i N C),, on Iii is - l v s - s - i’m lv i ’s-’ I i n . s- ’p i t he’ I i s - s I

es-’l lit ws-~it s l i ms - l i s- s- s- i ii’ ,’ E vs - nt is u - s t  a I . ( t - s ) . R a t s  w a rs -’ s- s - x i u s -s - s c ’d t s-i I~ I~ s-m1m

NO ,, I s - s- C- ‘
s-
s-S its--in ni-u s- ‘I ’Imu -s up wt ’n ’s- ’ t h ti ’ n’s h s - ’ fli s - s -Vi’d I ri—ni t lii ’ s-’bt s-lrnh s-i-s i’S s-this -h

Ii ’s i ’s- ’ ts -’d w I t lt t r it is - it t’s-I this --m i s-I l ns-s- s - it’id k I lIe -sI s- St is -ms - ut’ Is -’ h i t  s’t’vs-t I it

t i c C - s ’s - S  ft en tip I i ’s- 1’.’ hts - m uu i-s . I s - i  b’s- i t ’  s-is-i t s-i t’s- is - l i s-- igr_’i ph’i i e st ud ’,’ s- s-f l “sims-’ I s - s -s - i  s - - s’ I I it

I its-I I i’s- ut t’d this - it t s - u s - u’ 2 i’s-’ II 5 s - i r s -  s - u t  lInus - i ii ’ s t es-b t i ’s- s-i ( V i  s-It’ . ‘l’iIu ’ nfl i t i_s-it i it I it

it s- i runs-i I w i t  Ii hi-it It it I i t t  s-” C- s-
s- i’ 11 it n lhs -iv I is-’, s-ipa r t aver tlui ’ hs-u s s-”rns-s-ii I hi lt s- na b- i i~~t u i t  s - i t

,ii u ,n
~

-is -u ,u s s -’ . F a l  I s-mw i uig s- I l v i  s - u i  s-’sm ’i s - s -  t hi s -” s-’vi det ’tcs -’ s s - u g g e t t s  th is - i t s-is-is-’ s- s - i’ Is - s- i t  I t

ts-’pe 2 s i s t s -- sr s-- s- s - l i t  ms-u’s-’ trs -un s fai’rn i n ’ctii rvp s-s- 1 eel Is.

10 . Mt’s - l c s -s -’s-ulai ’ E f f e s -s - t s

1
No ns- s - p s -’m n ’ t s  s - s - s -e n ,’ f s - m( u u t s - i  s-in tifl’ s- -s f t

’
s- s- i’ Is-u s-- if NO ,, on DNA , RN A , s-it - is - h

t s - C - c s - t s - ’ i u - i  i t s - s - i - i l  b i t ’s  n i t  i t ’ s  s-- s X p s -’r i rn s -’ t m t  s - S i  au - i i sui s- i is  or li t u t u t s - t u i s

I I .  Ri’~~s-’os-1s-t~~t ivs - - s ~ins-1 Terum ts -u g eni c Eff es -’ts

Sits-i l amhs-s’r I d z s --s s-in -is - ! ‘Vsers-’te I I ((i8’5 i’s--spo i’tes-h on tit u s -  t’ (
‘(‘as-’ I s - if NO ., s- s-~

Ilk’ rs ’pu ’c s- s - I uu t’ I I ye ’ f u um s -’ t is -m utt m i  s - i l  h i  no n- s - its i’xpcs-s-us-’s-I t s --i NO ,, s-s- ’ i’ii’s e u n (  n s - u t I s - mi - i s - ;

s- s - I  2 1 .6 iuug s- rn
1 

ehs - t  I I  v fs-ur I ho s -ur / s - t s - is - ’ I’s - n  ‘1 m o m s - t h u s .  Thus --s s-- s x is- i s - s s - n r s -’ e - s - u s - i t s -s- s - tm

s - h s-ut eiu ’ Ii s - im is -’,’ it s- s - I
’ t its-’ c s- St  i’ s-i s- il s- ‘,‘s- l u  ams -il it s - is - h s - m u  ums - Ivs -s- i’ s- u s - ’ s-’ I’ I’s-’e t i _u t s-’,s-’n it s- u I

f s - u m u s -’ t i ou t. Es--s ip s -u s e u r s -’ is - i I s- iwen cal’ss-s- s- - s u ’ st m’~i t i s-ins s - i l - i s - I s -s - u ’ sirni liv s- s - x tu t . i ’  ins-eii t s - i l

s-’s-s-nd I I I s - s -min i it is - 1 not ni - s i t s - i t t  i n s-s - min t’ s-is-lva h ’Sc ’ u I’ lu ’s- ’ l i t  Ns - m t , ’ n ’i  t agu ’u ’s i s -’

s-ih its -’ r vs-S t I s- it-i t ws-’ n s- ’ u’a ps -un I u s - s - h

I
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I rs- s - h ums -i i b i s - s-n’ 51 ( is - b y m s- u Is - ’ s- m ui s- I  l’i ms-i ha ( S s-t nt i ms-i l ~) n’ ‘its we ru -s ks - pt  t age’ t h er

s- Is - i l’ I t ’sg t h i s -’ pet’ l as-I s- i f  es-s-m ’st I n i s - u s - i t u s  i” x p i ’ s i t u u r s -’ to  0. 5 ppm s - i f  NO ,s- • Fa u mu ’  s- ’s - t ! m e’r

fs - ’ rn ,’m i s - s - s  a i s - s-rig s-s-u ti m m i s - s - m i s -s- it wa n’s- ’ e- x ç s - a s i s-~I I s - u  amb it ’flI s-i n  r ( i ’ s- it t tn ’s-il it ) . t) I’ h i s - u’

lat t s - n ’  gr as -h p, 1 ferns-i i t ’s- i s- s- id rio h i t  t s s-t ’ . i n  t e t ’u uuit  s- i f  l i t  tar i rig - s--i dc - s i  s--mv wait

s-uh its -’rvc s- s-h in this -” s- s - s t - i s -s -n  I t s -mt - s m u t - n i gu s-as -up s- is es-imps-ire’s-I I s- i contrs-’s-l it ( no o t h - i s s - n

lu ’s fs-mrln s-t t i s-s-n g iv s-’i’s) (511 1 , Ti’s is was I n t u ” r s - s - i t t  I ng i n II gh r  s- - i f  t h is-’ i’s-c r h i  s- ’r

s-u t s-id hi -st s-if K s - i ts - i t s- ’t ah . whta s- ’s-i ,s-u ’n’ved s-n s-Is-” fi I ’ s i t s -,’ (Is - s-C i’t’lSs-” Iri t h s -’ is- h i  I i t  ~
s-

cs- I iut i s- ’ s- t s- u C s-i t’s s-’ s- ’ lvi ’ s-’s ft s-’r s-s - li i’s-ili i s -’ s - x p s - - i its - mr s -- s- t o s- i l r ~~s- I is - u ts - i u ’ c tit (60),

1 ’ . Ms-”tz ib s-iiism

I n f s - i r i u i a t  i s-ii ’s s-ui ’s t he metal -is-il i itm s-- i f NO , in exps-’r irnei ’st~ I ~iis- im s - i  i s  lit

ti’s-i C - s -’e .  SIts-’ n’s-.’ itt and Is - s - i s-- Ii el d ( 70) ii m i s- i l V Z i -s s-I c url m ’sars-’ p ri- its -- s it - is ins - t h i s - ’

‘ s-i,s-m i nis-’s-i p i g Is-- ill s-mw i n g  s-’xp s- i ss - l t ’s- ’ s- u 1  7 s-mn imut I it t i -i es-u s-i t’ i n’ss-ts-s-ius 0 . ‘S h u m  NO
2
:

1 s-’mi ’si tn,’m lit I’s-s-r 7 s-i, ’mvs s -m is - s - i 4 I’s--n i 4  s- b s - ’ s v i t .  All t r s -’u i te d  a n i m a l s  b u s - u s - I

com ’ss i st , ”i ’s t Is - - h i gh e r  I s -- s v s -’ l i t  of s-nrins - irv prs -its -’im ’s t i t s - i t ’ s  i’om ’ strs - s -l s-’inirns -m i

(p  hess t l t a u - i  0 . 0 l ’ 5  , Tb - is -” i ns -c rs-’;iss--s in s - s --h vt’s-I s-u i i  s - - i f the ins-i ~ar pr&u t cii ’s

grs- s- nps s- is ,’rns-ui ’s it t u’s- u i s- - s d  1w t i i e  disc—ge l pr i - i c u’s - I s - i r s -’ s- p i u t a t  lvi ’ Is-’ :ilh s-tmis -is

e mrnh I is-ed s - il p It s-i— . his -’ t s - 1” g  lob s -u hints as-u s-I gs-umms-i—gl i- il -i s- i lit - is . ‘Fits-’ its -urns --s ru- s its - n I l  it

we v s --s s-s-itt s-i i nt’s-i wi t ii sits--is-’ t s--sr s-s- s-’cpas s- ut - u ’ C’ I me ( ‘4 his --i s - u n i t  / s - I s - i s - ’) . I l l  nu t s- u I s -mg i s-’s-i

i ’s-u s-urni ii.lt i s - n cs-f t h e  k i  s- l u ’ ss -’’,’ I’m I l i_si to sits-mw s-uut~’ s- s - v s -’r t  s- ih iu i s- ii’in s-i l I t s -s - .

hi. Cs-ircinogt’ns - ’ it i it

i f i - i  c-st s-s- i l  ( , ‘s-$ ’i h s -t v i -s n .et ’ts - i t ’t e s-h s-ut -i ttu s-’ s-is-’s-’ U h ’i ’s ’ t t s -’ s-’ s- - i f  s-’Ss-i s- ’i’s s-i mu ts - i  t s-m utt

pro I i fi’i’at i s-mi-is s-- i f hi us-anch i I s - mI atid b t ’a u ’ss -’h i i s -’ s - i , n n  u’p i thus -- s t  I s-tint mu m i s -’s- ’ s- ’hm . s- 1 1 e u m ~~s-~ s- s-

wi  tl m I nfl u t ’m t z s - i  v i  v s - u s  a f t ’ s -s - i ’ i’s- s -u - it i i ’ss-mas -is axpa its-it’s- ’ ( s - u I s-uw is - -si’ s- ’ i t  of NI),,

(0.5— 1. 0 ppm f s - s - u’ ‘19 s - I s - i s - - i t ).
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III . CHRONIC TOXICITY (Long—term T e s t s)

I. Heunatolog ic E f f e c t s

Leucocytosis. Leucocytosis occurred in the peri pheral blood of

rabbits exposed to both -i 2.5 as--id 5.6 mg/rn
3 

(1.3 and 3.0 ppm ) NO
2 

for

15 to 17 weeks , hut it receded with ’s cessation of exposure. Piiagocytic

s - i c tiv i tv was depressed and both ’s leucacytic and pb ’sagocytic alterations

were greats--si’ at the higlis-”r NO, exposs-ire (71 ).

Hemog lobin. Reductions it ’s hemog lobin levels were observed at 9—10

weeks s-”xposuri--s to 2. 5 and 5.6 mg/rn
3 

(1.3 and 3.0 ppm ) o f NO,. T h i s

condition was maintain ed until the end of the experiment (15—1 7 weeks 1

(71). In another scs-udy ,  dogs exposed to 1 , 5, and 25 ppm of NO, d a i l y

for 18 month-is showed no effects on the hernoglobin or hematocrit (72).

2. Bone Marrow Changes

No reports were found on th e effect of NO, on hone marrow in

experimental anim als or humans.

3. Ii~~uno1og ic Effects

A circul ating substance with properties simil a r to i’s lung a m ’ s t i h o d v

appeared in the ser um of gu i nea p i gs exposed to 9.4 mg/tn
3 
(5 ppm) NO ,,

either 4 hours/day . 5 days/week or 7.5 hours/day, S days for s-up to 5.5

months. In a second gras-hp . exposed to 28.2 mg/rn
3 

(15 ppm) NO .)

continuousl y for 1 year , the antibod y reacted in vitro with ’s prs -iti ” it ’ s

extracted from the Is-mg tissue of control s- ’m ni mal s. The ti t s ’r s s-if

reactive subst ances inc reased wit h the int ensit y and duration of

c’xposure , hs-m t no s-’ihso lurs--s valtu es were a s c r i h c ”d to this -” ds-1I,i hs-s-c u s - u n s o  h i t ’

la tex agg lutination nuetliod emp loy ed was not q u ; t n t i t s - i t i v e  ( 7 3 ),

I
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N s - s - i t s i u m s - i r s - i  (1 970) report s-s-d n ’s- s - t s - n l t s  of stud I c ’S s-s-fl g u m s -tea pig s th at wars--

s-s - a n s i  C’ ized to c-sgg a l h s - u m i  n .  A 30 m i  n ’ss -ute exposure to NO ., at 112 mg!m
3

4 
(70 ppm) i m ’sereass-”d the suscept ibi l it y of tim _ s-si’ gru nt’s--i p i g s C’s- i s y s t e m i c

ai’saphy laxis a fter m b a  lat ion of egg aihumi ni s-ni’rs-itiu Is -u . Expu iss-uri’ ts - s - NO ,,

(75 mg/rn
3 : 40 ppm) es-utsed an’s inc u’s-- s s - s - ss -’ in s-1\’Spflt-sa ( 4 7 ) .

The effec is s-if el t r o m ’ s  I c  exps -is s-trs-’ C ’ s - c low eaneent rs-m t’ i s-iris s--i f NO ,s- s-’su’s the

imms-um ’so log Ic response ws-s- ri-s st uid 1 es-i by vs-icc i na t I u’sg m i Ce ’ WI th i 2 79 (TA s-un i t it

of s-s-hick s-’uimb rs-’o A,/Ta iws-mn l i/b.) i s - i f ]  uue flzs -u v i rums Vs-i s--s i’ s - flu’ (74 1. Onu” grs-’sup

of mice were exposed cot-it I nuo s- is  I v  to NO, at 3.8 rng,’m
3 (7  ppm )

s-’ ino t l i s -’r g roup  was exps-ised to Os - Qs-’4 mg!utt
’1 
(0. 5 ppm ) wi tI~ s-la ii ~ 

1— its -i s-m r

long peaks s- if  3.8 mg/rn
3 
(7 ppm) for 5 d ay s  a weak. Thri’s-’ mom ’stit s aftu r

the exps-’ssuures , the ml ci’ wers-’ vs-icc i u ’sati’ih wi ti the in ’s II s- is -”ni zs-m vi rs-ts and hi-s Is - h

in the exposure cond it b its d es c r  ihed fs-ir s-up to 7 months. At var i os-is

times d s - m r i rig the vs-ic t’i  flat I s-in • the heunagg Is- i t i n-ia tics -u’s- i nit i hi t I s--ii ’s and SN

ant i body t I t e ns  arid tIme concent rat i on’s of th e I mmumn ag l ohs -ill rut we’ rs -’

measured. Two weeks af t s --sr vacc I m is -m t ion the SN antibod y s- ic’s-’ s- ’ s - s - t s- s- ’s - b ‘ us - s - s -

s e r s - m c o n v s - ’ r i t  i o n  r a t s - - st were markedly ls-’swer • a tt i c-se is -n i I s - ’  ams-m ms -~~ s - r i  u’.’ -s ’s -.~ ’.’

to 0.5 ppm with ’s the dail y l—i ’sour peaks of 3.8 mg ’m
1 

( ‘
~~~‘~

-s s-” s- .

weeks s - i f  exposure the SN titers and serocauivs-- s r i t i s -uti s- s-~~ s-~~u s - I t s -1 - ‘i .~~s- t I s- s - r

si gnificantl y f rs-itn tit cus s -’ in ei-iu ’strol mii ’s-’ whi i elm m ’ s- ’. s- s- s-- . ’.I • I ‘ s- ‘ s- I .s- r

Sqs -mirr e l monks -s - s - i t  (ms-that ) es-m u lti fl(us - i t t it i s - ’  .‘~~ p s - s- I s-~~~ Is-Fs-~s-s- s - s - I NO , I’s- u t ’

‘4(13 days were - h a l l u -sn gs-”d S t inns -s- s w i t ,  -s s - , s- ’ ’ s - .’. it - n •~~ s-~~ I n u t ’ h uu, ’ts-:’,s - m A - PR /S s -h.)

vi rus s- Al I t’nion’skevs s-’ x~us -u s -s - a s- ! s- s- Nit 
• 

;‘ s- s- s-.’ s- s- - - . .
~ 

‘.s- s- i u tti t  s-lu’s- ut !‘i 1 I 7 s- it i s-in’s

ant ibod y within 21 s - I s - i s - s - u s - ut le s-t s - u  u s - u  s - s - i l  . s -  is - -s n’s ( s-
~ s-un ’sim al s-u ) , whti’-re s-’m it onl y

a n i m a l  of 3 exposs --sd Is -’ Ii I t. ’u .s~ - i s - n  - ‘ s - s - s-w s- ’ s - !  s-i sirni i s - l u ’  n ’s- ’ sp s - i u t iu s -’ . Thi s-’

difference ohts -’t’ s-’ , s- s- ’ i t s - s- s- s - s - u s -’’ I’’ ’ I ‘ s-~ i s - s - s - i I t i l t i h i  tion’ t s-’ m n t i h u s - idv  t i  t s - ’ n ’s

betwe en N O ,~~~a x t - i s - s -~: s - • , u m s - ’ - ‘ s - s - I ’ s- ’ i s - s - s - i u i . s - s - s-’ t w:t it rio t si g n i f i e s - m t - i t .

Exam i ns-u r 1 s- - s s -u s - i  - s - m u m ’ s- ‘ s-u ‘ s - s - u .’ it m is-I I s- - s - nt ad it 11 ghm t s-’mplmvs em s-m s- s - n - is - I t it i eke’ rues -I

hrs -- im s - ch l.i I u’ s- I 5, , s - , s - s -  S s- i s -  s- ’p i t h i s -s - h  i s-urn on is - ’ ins - m o n t k s -’s-’ s e~~iu s -u s u -s s-I to NO ,u tn ’ s- b

s- ’1 u : u l .‘ u s - ’ .’s-I w u t ’ s- I S ’ ’ jul I s- us -” ni s -~:m viru s . Ns-i u l t  i’ s - n s - u t i ’ u t s -’ t u u i ’ ,’ I  al’s n a m ’ m s - i i i t i s -- s i t

s- s- a s -  s- ’ u s - ’~’j 
- 

s- s- ’~ u s - us-s - s - s - I  animal s-u (17).
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Another i t t  s - u s -k ’  I ‘ s-.’ • u i ‘ s - s - I s - m i s --r s -s- I moms-keys were d ial 1em ’s~~s- ’ s- 1 
~~s- I I t  .

pu’s-ri s-’s-d i s -,- is- t m - i l ~, s- s - , s- ~ t u t . - s-’ t i s-ins of mouse—adapted i nfl i u , -s - s - ,’ ,l -\ PR S

virus , w s - s - j  Ia s- ’ s -~ ’ “ “s - !  I s - ’  t i l t s --s ri-sd air or NO, far Us-i) s - b u s -  - - ( ‘ . s - s - s - s - s - s - i t

s - I n ’,’ ‘s- - .- - k ’s- .‘ s- s- s-s-s-’ s- s- s - I  m is-’ s-’hi s-t m ’sgs -” in the act jot-i of i h s - ’ h.s-m.i u -,g i s -  s- ins - s - i t I s--in —

us - s - h j i , s - r • s -s-n s - s - i  s- s- s - s- s- s - I s -.’ . The production of seruim u ’ ’  ‘ I  rs -m I ‘ I us-g ant i bod y,

w a s  s - Is - ’ I s - mvs -’s-I Aft er 133 days, ns--i ~ is -m u I is - s - i ns - C s - li I fs- rence was

‘~‘4e ’l s - a s - ! tnt the production of the t ’su-sms -i~~ ’ l e i t  j s-u , n t is - s- u i -in h ib ition , or serum

‘u. ’ u u s - s - u h i z i n g  antibodies , bod y t emp c ’ r s - m t u u r s -’ . r e s p i r s - m t s -’rv f u n c t i o n , bod y

we i gh t and Itemato logic value it ‘u 1 ’t  s-s- s - s- c ’s - i s- - s- s - s - i l  n ’ s- s - i  an’sd s-”xper intent a 1 mots-kevs .

Hi stcs-path ’sologi cal exami nat j s - s - s - u r ’ s -’a - u h i s- s-i f s - - i c a l  alveolar edema in a ll but

one monkey exposed to NO , , “s - u t  s - us -’ is -is -i i t I vi’ affec t of NO ,, expo sure  and

in fl ruis-’nza virus chs-m 1 1 .- s s - u Cs-’ s-s -’ . s -  s- ,‘i l u i u s - i r s -’nt  ( 1 6 )

In severs-i l it t s - u s - I s- s- - s - u  , ml cs --s (16 , 13) and sqim i rre I monkeys (19 , 75), wars-’

s-I ex p a s s-’s-d ti- i N it , I s - -si - i- s xt i s -u’mde ’d period s, and at various interva ls dun rig

exp osuu n’ ’ s - i s - s - ui 1 s - - s u t a s -’ s - I  with ’s K. £,neumoniae aerosols. Exposure was

I nI s- - n ’ s- i ’ s- I t s - - n - i t  (t s -u his -- i s - i r s / d a y ,  5 days/week) or cont i ns-ions (‘24 l’sorirs/da y, 7

s - b u y s  s-
s-s-’.’i ’Ii ) i ns - t s -’rm i ttent exposures appeared to cause greater effects

5 u t  cs-’n t I ns - u s-is -ms s- ’s-xpos s-ire it

Ar au ’svi s-s-nd Po r t a  ( 7 6 )  observed a si g n i f i c a n t  d ec r s -’,’ise in  the

ph i a g a cy t i c  f s - m n c t i o n  of alveolar macrophages (against I t s - - s - i t k i l l e d

Escherichia coli) obtained from mice exposed to 0.94 mg/rn
3 (0. 5 ppm) s-if 

I -

NO ., with - i dai 1 v i—hour peaks of 3.8 mg/rn
3 (2  ppm) 5 days/week for

3.5—7 months. This did not s-’sccs-nr in mice exposed to 3s - 8 mg/rn
3 ( 2  ppm)

f a r  r I t e  same period .

4. Centra l Nervo tns S s-s~~’m~~(CNS) Effects

No reports we rs-’ found s-s--it t  tb ’sc’ a ffec C’ s-s-f NO ., am’s ti-ic-s (‘s-N S s - i f  h abor t C ’ s --in ’ s-’

animals • h u t  in hs-uumuans hi-s al tit c lit ’ s I s -’ record it of t’c’ si du”nts livIn g i n  c i s - - i s -u s -,’

prox imity (1 kil ometer) to a -it s -- smi s- ’ s- i 1 p lant shiows- s-l that ’ n ’s e rvo s- u s  sv t t i -s m

e I’fs-’i’ n i t  (e  ffu’c ts not defined ) wet’ s-’ si-si-sn ms-irs - ’ f r c ’q s - i e n t  Iv in ’ s th is grs- eup

33
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then in another group living further away (3 ki l ometc -sr s~ . in tim is area

NO ., leve l s i n  thi s -” s- it mo sphe re  e x ce ed e d  max imum p e r m i s s ib l e  conceu ’st r a t  ion

(MPC ) by a fac tor of 5,8—12/MC P , 0.10 mg/rn
3; 0.053 ppm fs-ir 24—hos-mr

average (32 ).

5. Behavioral Effects

No reports were found on the effect of NO ,, on ti’se behavior of

experimental animals or lis-umans .

6. Cardiovascular _ Effects

No reports were fas-unu d s - m i the u’s- ffs - e t s-if NO ,, on tu e cardiovascular

svstens-m in labora tory animals or humans.

7. B i o c h e m i c al  and H i s  t och ’sem i  ~~~~~~~~

s- Male rs -its went’ exposed cl-ironicall y to an average cs-f 2.9 pI-im s-if

NO,. 24 imo s - mrs  / d a v ,  5 d ay s / we ek  for  9 m o n t h s .  The ms-’u~~or s-’f f ec  C’s of

No ,, were a si g n i f i c a n t  d e c r eas e  in  l u n g  l i p id  con t e n t  at- id s-i ms--i r ke d

dt”s-’reass-’ in t1’se ps -’rceu’stage of total its - its - irat ed ph’u osp h’sol i p is - i fs-t t ts -- a s -.’ is - I s .

Tb is reds -met ion in sat s-nra C’ l out was the ness -m i t of a dec n’s - s - i  its -’ i n t h e

percentage s-i f  pa lm itic acid. The as-,uthiors ss-uggested that lung l i p id

mataho l is -u rn may its--s th is -’ s- u n d er  lvi rug m s-s-s-s- s-ham ’s i sm wit i cit is-s -as - Is to sc’s-mi’s -s-if thms-

ps-ulrnonary effects follow i ng long—term exposurs -” to small amos-it-its of NO~
( 7 7 ).

Blood . The sers-um immunog i ohs-u ii. n cams - s-s - e m i t  u’ s - i t  i ou’s i n  m i e n ’ s — v s - s - c c  i r is-u t s- ’s- l nit I s-’ s- ’

was s--il ta u’t’s-I during the 3 titan tim it expos- ;  c u r t ’s- per i s --is-I C’s-i NO ,, . I rt gs--s u - i ’ i’s - il

tgA dec reased wit ii e 1gM , TgC, au th lgC .) i nc  rea ss-” d .  11cm i n g  i ts - -s ‘5 vu ’ s- s - k s

s-I fter vac s- i nat l as-u , exp s-is s-m r s - s- i to NO ,, d i d not fs-m u s- th is -s-r is-i f 1 s-is-s-tic s- I s - s - A

conic ent rat ion . Serum 1gM , I C , an I gCs-, we n’s-” hi I ~- l m s - ’ r i t s- mii i s-’.s- s- -s x i’s- u s s- s- s- I t s -’

NO, thans - in those m a i n t a i n e d  in fi l t i- s u’s- -s s-l air. Ma r s-’ ’~~’s- ’s-’ i t ’ i s - ’ s - i I I v , m s - s -’s- ’

cons i it tent ly exposed to 0.~ 4 rng s- m

s-1 

(0. ~ ppm ) w i tim s - bs - i  i i  s-’ I —han n’ s- s- ’s-t 1
~ it a I

‘1 .8 mg/rn
1 (2  ppm) shmowes-1 cs--ins i s-u t u ’uit  i v  it I fi ts - -s r i mms -muis -ig l abet I i i ’ s

i s-
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c o n c e n t r a t i o n s - u  be fo re  and s-i f t e r  vacc i n a t  i ou ’s . F s -mr t he r mis - o r s -’ • m i s -- s- -s eXp s-i ss --sd

to filtered air before vaccination and to NO., at 3,~h mg/rn
3 ( 2  ppm )

after vaccination and th ose exposed to NO ,, at 3.8 mg/m
’1 (7 ppm)

before vaccination and to filtered air after vaccii ’sat ioi ’s showed similar

increases in serum imms-unoglohulins (74).

The se r e s s - i l t s  s u g g e s t  th ’sa t  f l s - t c t s - u a t i s - i t ’ s  in atmospher ic NO ., bias ~ors-’

influence on the immune response t h an cO n s - st  am - i t (a  I th os -ug l ’s l’s i gh i )

concen’strat ions of NO,,. Com’st I nuouns exposs -ire of mice to 3.8 mg ‘m ’ (1’

ppm) for 10 mantis -s did not in fl ties-ice the ant ihodv fs-irmat i on’s or t h e

immunog l o b u l i n  c o u ’s c e n t n a t i o n s .  C o n v e r s e ly , ex pos s - iru s- to 0. 94 mg~ m 3 (0 . s

ppm) w i t h t  d a i l ~’ 1 hour  peaks of 3.8 mg , ’m ’1 (2  ppm ) decreased thi s-’ . i h i l  i t s ’

to form SN a n t i b o d y  and s i g n i f i e a n t I ~- a l t e re d  the e o n e e m i t r a t i s - i n s  s-if ss-’rs-um fl

1gM and lgC., (74 ) .

Inc reased serum levels of beta ii p opr ots -in s cholest erol am-id al hm.u mi s-i

h ave als~ been reported in u s-urn s-m s exposed to NO, levels s-if 0 , 1 0  m g / r n ’1

(0.053 ppm) or lass  for 3.~~os-ur s !da\- for 150 s-lays (32) .

Wagne r e’t a l . (72) expos ed dogs to 1 aml S ppm o f NO ,, f o r  18 i ’s tan ’sC ’lt s

s-s-nd found no si gnificant s-s-iterations s-if bs-u s - -ui - a l k s - m h i n ’ s e  pl ’sasph a t a s - u s- -s ant s-I

numagnesium activated phosphs-ntase s - i c t i v i t i a s  in s - s rs - u c- i f  s -m ns - i ms -s - t l s  s- s -xpi i ses-I  C ’ s -u

these  c o n c e n t r a t i o n s  of NO ,, .

In another sts-ndy in wh i c i t  rabbits were s-’xposad t a  7• S au-is-i 5.6 mg ’m ’1

(1 .3 au-id ‘3.0 ppm) NO ,, for 2 hours dail y fs-ir l~ to 17 weeks , s-i s-icc rs -”s - u s a

in serum a lhunut i n and i n c r e a s s -’ ii’s giohu I in frac t is --in-is ws-is abusers--ed ( 7 1 ‘

8. Effe cts on Body Wei ght , Tis ss-me s and O~~~ ns

Body Wei gh ts - s-Sts-ud las on’s the affects s-- if s- s - hi m’s- s- ni i c exp s -is s -mrs --s s-’uf NO ,

4 Is-ave prods -iced e s - - i n f l i c t i n g  re s s - mi  ts wi  t I m rc -s s - u I - i s- -s s-’ t  I s - u Wi - s i  gu t l o s s -u .

No si gnificant reduction in t h e r s - mIs -- of we - s i gh - i t  p s - t i n  was s-Thss-’rves-I in ’ s

rabbits , gu i nea p i gs , rs -mC ’s or bia m sts -’rs s-’x1u s- u s s --sd t a I ,O , s-) .4 s-it’ 47 mg s- rn 
1

(I • S and 7S ppm) NO ,, s-i n s-I s - i s - p s to  I , O s - mi s - s - i  Q , ’s- niug s- rn
1 

(I anu s - I S uupm l
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NO, far  6 hours -u a day for 18 months (72). F’urt htermo u’e, no si gnificant

s-hiff erence in weigh-it gains appeared in mice exposed to 940 tug/rn’1 (0.5

ppm) NO, for 6, 18 or 24 h o s - m r s / d a s - s -, S days/week for up to 12 months

(13).

In contrast , rats exposed continuos -uslv to 22.6 mg/rn’1 ( 1 2  ppm) NO ,,
for 9 months contintued to grow , hut their bod y we ights remained 20% less

t h a n  those of c o n t r o l  s-ut i n n a l s  (78 , 79) .

One observer reported (71) a lOX wei ght loss in rabbits exposed to

5.6 mg/rn
3 (3 ppm) NO, for 15 weeks, while controls gained 11% in

t h e i r  wei gi’m t . The effect wait apparentl y dose—dependent; rabbits exposed

to 2.5 mg/rn
3 

(1.3 ppm) NO, for 17 weeks inc reased their we i gh t by 2~
as compared to an 8’~. increase by controls.

Pulmonary System

Pulmonary function. Com ’sti n s -ios -m s (lifetime) s-’xposs-lres of rats to NO.,

caused resp iratory rates to increase and tid al volume s (voln ,urne of air

inhaled in an average sing le bre ath-i ) to decrease during exposures to

concentration s of 1.~ mg/m
3 
(0.8 ppm) (80).

Oth’ser puhumonarv functions htave been examined , hut showed no ev idence

o f NO
2 

e f f e c t s .  Cu i nea p i gs exposed to 9.4 mg/rn3 (S ppm) NO,, for

e i t h s -s-r 4 or 7.5 hours/day, S days/week for s-up to S.5 month -is had no

changes in resp iratory flow resistance (73). Four rabbits expas s-’s-I to

47.0 mg/rn
3 

(25 ppm) N0 , continuous ly for 18 m s - i n t h u s  showed a t r a n ’ s s i e n C ’

in crs -”s - s - s s-’ in the rate of s - m x y g a r u  c o n s u m p t i o n, whi cit reverted ts-i us-ormal

within 48—72 Is-ours after exposure . In 16 rabbi ts  exposed to I .9 and 9 ,4

mg/rn’1 ( 1 and S ppm) NO ,, for the same length s-if time , no ci’sange in

oxygen consumpt ion  occurred  ( 7 2 ) .

Patholog ic Change s. l’histopath’sologv s- if  mouse l ung ti sss -t e following

cl-ironic exposure to 0.5 ppm of NO ,, (0.94 mg ’m
’1) for 6, 18 and ‘24

h ours s-la i I s - - far 3 — 1 2  month s-s reveal i’s-i ex p am ’sd c”. s-I a l v e o l i  wh i ch’s i ncr s--sased
I

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~
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w i t h  ax p o s s -u r a  t i m e . The gs-- s u ’s e r a l  imprs -” ss ion  wait  at’ e a r ly  b r on c h i o l a s - ’

inf lanuuna tion with reduction of distal airway s iz e  an-is- I a c o n c o m i t an t

s-”xpans  i s- un ’s of a l v e o l i  . The o v e r a l l  le s  i s- ins appea r e d  to he cs-it’ss i s - u tem i t vi Iii

t h e  s-~evelopmnt of ear l y focal ernps-ty s-u s--sma (59).

In rats exposed to NO ,, at 18,8 , 71 .5 or 47 mg ’m ’1 ( 1 0 , h 2 . 5 or

ppm) far 3 or mere month -is, the th is -,irac i c cay i ties became larger , dorsal

k~’p his -- is is developed , anid the a n i m a l  a c q u i r e s - I  a h l s -- i a t e d  a p p e a r a n c e .  Tt ’se r s -’

was dis tention of the a l v e o l a r  d u c t s - u . d i l a t i o n  of alveoli and ltvperp lasia

of hroi ’sci’siolar ep itheli um. Alveolar ss-’pta were missing occasional ls--, hut

t h e  p ar en c h v a  s-s- s-m s s-m uss -ma 1 (81 • 82). These patholog i c  cond i t  i s-ins were

similar but not identical to those of hs-uman emphysema . with rIte major

d i f f e r e n c e  h e i n s - g  the  absence  of  a l v e o l a r  n e c r o s i s .

The m a i n  feats-nrc s--i f eus-tph ’uy s em a  is thte development of destructive

bulbous lesions . These were never found even in rats exposed far a

lif etime to NO, concentrations s-if 1.5 and 3.8 mg /rn
3 
(0.8 and 7.0

ppm). The hungs from these animals were grossl y n o r m a l,  bs-tt micr oscop i c

exami na t i o n  revea led  m i n o r  e i l i a r v  loss , ep i t h e l i s - i l l ’s v per t r o phv mid

“cv t op lasmic blehhing ” (45. 8 2) .  T h e s e  a n i m a l s  had a normal life spat’s

and d i e d  of  d i s e a s e s  whi ci ’s  were  u n r e l a t e d  to NO ,, s--sxp cm ss-ures (81) .

Electron microscop ic examination of  the  l u n g s  o f  r a t s  exposed  to

NO., at 3.8 mg,1m
3 
(2.0 ppm) revealed hivpertrop hv and focal hy p er p l as i a

i n t h e  ep ithe h i s-um of the termina l br cunc h is -,’s-le and a loss s-if c i l i a .  Th~~sa

a b n o r m a l i t i e s ,  wh ich  appeared  on the 3rd s-1av of exposs-ure , disappeared h-i s-’

day 21 desp ite continued NO, expo surs-s- (83). After a lifetime s-”xposu.uus- e

to tl ’sis same concentr a t i s - n .  the onh~ ’ ah us-orma I i  tv ob s-ss -’t ’s-- s- s-d was t is -  I ck en  I r ig

of the basemen t membrane  u n d e r  the  s--sp i t ime 1 i s-nm s-- i f the termi nal brot’schi i s - - i l e

due to enlargement of the collagen fibers (6S ’s- .

Expos ure to highs-er doses (32 mg/rn 3 ; 17 ppm ) was fou.tu’sd to cas-uss -’ more

severe ci liary less , in jur y to the s-’p i t h s - e l i a l  l i n i n g  of  ths-s- s- s- lve o l

adjacent to the termina l bronchio le. slos-ighing of type I alveolar cells ,

thi ckening s-’s-f air—blood harrier and deposit s--if fibr in along t h e  h a s t -smen t

‘1~’
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me m b r a ne’s- (83 . The most  i m p o r t a n t  ahs -u i iruna l I t v  i n  s-u 2 s - - e a r — s- s - I s - !  r t t

exposed  to 32 mg/rn
3 

( 1 7  ppm) f s --ir 6 10 d ay s  was the mass i v e  incr es -is ,- ía

the  s i ze  of  the  c o l l a g e n  f i b e r s  ( 6 5) .

Har den  at  s - i l .  (84~ exposed  r a b b i t s  to c o n t i n s - u o s - u s  a t m o s p h e r e

c o n t a i n i n g  NO ,, a t  1 5— 2 3  m g / r n
3 (8 - 1 2  ppm )  far  3—4 mon ’stims and reported

ds-’strs -uctiv e changes in ’s alveolar w a l l s  and abu ’sorma l d i s t e n t i o n  of  d i s t a l

air spaces . These observations are simil a r to human’s emphysernat.-i s-us

i t’ i s -’s-ri~

I n v e s t i ga t i o n s  in r a b b i t s  (28 -47 m g/ r n
3 ; 15 -2 5 ppm) exposed  far  ‘2

years (2 hours s-da y ) to  NO,, f a i l e d  to  f i n d  emp l ’sv s s -’ma tos -n s  c h t a n g a s  i n  the

h ung (53).

Dogs were  found to ha r e s i s t a n t  to epi t v s e m a t s - s -u s  chan s -g e s  f o l lo w i n g

s-~xposs -ure to 
0 ,4 mg, ’m

3 ( 5 .0 ppm) of NO , for  15-18 month s (72). T h i s

observation was confirmed by other investigators ( 3 , 85) . B s - m l bo s-n s

emph y s e m a  hia t t  been p roduced  in dogs b u t  onl y a f t e r  pro l on ged (6  mau ’stI ’ss 1

e x p o s u r e s  to h i gh -i c o n c e n t r a t i o n s  (48 .9 rng !rn
3 

= 26 ppm ) (86 ).

Step hen et al, . ( 6 5 )  exposed r a t s  to ‘2 ppm NO ,,, c o n t i n u o u s ly  far  two

or ms --i re r e a r s  au-id ob se rved  t h t a t  t he  r a t s  d e ve l o p e d  v e ry  l a r g e  e o h l a g i’u ’s

fibrils (up to I S  t i m e s  thie no rma l  d i a m e t e r)  s - u n d e r l y i n g  the  t e r m i n a l

bronchi oles. Tl’se basement membrane s-under the ep i th ’ s o l i s - urn of  the  t e r m i n s - a l

hranc l’siole was also thickened.

Vascular Permeabilit y and Edema Formation . Ti’se most important

pat hs-opitv s is --ilogi c consequmence of exposs -ure to NO
2 ~ damage of tiue

vascular membranes wh i ch ru’ s - s u i t s  i n  i n c re a se d  cap i l l a r y  p e r m e a h i l i t v s-

t r a n s u d a t i s -”un of  p r o t e i n  i n t o  a l v e o l i  and edema f o r m a t i o n s- Ti-is--s mast

co utumon l y s - s - s c’s- t m a t h s - i s -h  f or  s- ’st  ima t i rig edema fI s - ni d is t l te wet: di’ s-’ s-~’e 1 gb - i t

r a t i o .  T h i s  r a t i o  rema i ned s - u n a l t e r e d  i n  r : u t s  t i t a t  wars -- s-’xposed to NO ,-s

(81 ) . P u l m o n a ry  we i pi t t  s . bo ti ’s drs-’ an-id wet , iu c  reased proport I s- ’s-is - m l i v in ’ s

—  -~~ —~~~~~~~~~~~~ -
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these an imals indicating that mass (cell and fibrous tissues) inc reased

as a conseq uence of NO
2 

exposure  (79 , 81 , 87). Histolog ic and electron

microscop ic e x a m i n a t ion of pu lmonary  t i s s u e  p rov ide  a more a c c u r a t e

de termination of edema ; nevertheless , s m a l l  quantities of edema fluid can

go unde tec ted even by these methods (55).

In squirrel monkeys focal alveolar edema was observed following

contin uous exposure to NO
2 

at 9.4 mg/rn
3 
(5.0 ppm) for 169 days. In

other studies , edema was ei ther absent (81 , 72) or not reported (59).

The si gnificance to human health of pre sen t l y encoun tered a tmosph e r i c

levels of NO
2 

is not known . Recent inves ti gations involving h e a l t hy

populations as well as patients with chronic pulmonary disease have

yielded conflic ting results. Shy et al. (88) compa red nei ghboring

commun i ties in Chattanooga exposed to hi gh and low concen trations of

NO
2
. They reported a decrease in ventilatory performance and an excess

of resp ira tory illness among families exposed to increased levels of

NO
2
. Since the source of NO

2 
poll ution was a fac tory producing

trini trotoluene , other automobile—associated poll utants (lead , CO ,

hydrocarbons) were not considered fac tors in this stud y.

Other studies on vo l unteers exposed to NO
2 

showed no effec t (32).

Skin. Skin disorders were repor ted in humans exposed to NO
2 

levels

exceeding MPC by a fac tor of 5.8—12 (MPC, 0.10 mg/rn
3
; 0.053 ppm;

24—hour average) (32).

Other Organs. Heart, liver, kidney and spleen of mice exposed to 0.5

ppm of NO2 ,  6, 18 and 24 hours dail y for 3— 12 months did not reveal any

uni que pathology (59).

Wagner et at. (72) exposed six species (rats , mice , h a m s t e r s , guinea

p igs , rabb its , dogs) to 5 ppm of NO2 
for 15 months and found no

histolog ic changes in the trachea, hilar lymph nodes, heart, liver ,

sp leen, kidney, adrena l, thyroid, pancreas , duodenum, bladder and brain.



~~~~ iTii~~ 
~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~

9. Cy tolog ic and Cytogenetic Effects

No repor ts were found on the cytolog ic and cytogene tic effects of

NO
2 

in experimen tal animals or humans.

10. Molecular Effects

No reports were tc’ind on the effects of NO
2 
on DNA , RNA and protein

synthesis in experimental animals or humans.

11 . Reproduc tive and Teratogenic Effects

No reports were found on the effects of NO
2 
on pregnancy and fetal

abnormalities in experimental an imals or man.

12. Metabolism

No reports were found on the effect of NO
2 
on metabolism in

experimental animals or humans.

13. Carcinogenicity

A possible relation between exposure to NO
2 

and pul monary neop l a s i a

has been the subject of pre liminary studies. Exposure of rats to 0.8 pp”
NO

2 
for approximately their lifetimes was found to result in large

tumors in 4 of 21 rats. Three of these were subcutaneous , spindle—cell

tumors containing foc i of calcium. Two also had areas of necrosis. The

cells were arranged in orderly nests and whorls. The fourth tumor was a

gang lioneuroma of the adrenal (80). In another stud y by the same

investi gators in which rats (15 rats) were exposed continuousl y to 12 ppm

of NO
2, 

one developed a gang l ioneuroma , one had focal nodular meta—

plasia of the bronchial ep ithelium , and two focal had bronchial

adeonmatosis in the periphery of the lung.



Wagot’ r et at  . (72) exposed t lie CAF/Ja x ml cc to ~ ppm of NO foi- 1 2—1 6

m o n t h s  aud f o un d  an i ne r eased r a t e  of t umor i gen e s  i s  i n  the  g r o u p

sac r f iced  a t  I 2 — m o n t h s

Card j t~~
. r (89 ) o b t a i n e d  cv i deu ce  that NO ,, exposures may con t r i htite to

l u n g  t umor deve I opmt ’nt  i n  m i c e . B ecause  heuzeno—py rent ’ by r oxv  l a s t’

pre sum ab  1 v I riac t lvi t o  s the  c a r c i n o g e n i c  p o t en t  i i i  of  po i y a r o m a t  i c

hy d r o c a r b o n s , the  e f f e c t of an a c u t e  e x p o s u r e  to  NO ,, on t h i s  e n z Y m e

sv s te rn  was ~‘va 1 iii  t ed  i n  r a b b i t  ( i- acl ieob r onct i  i i i  mt i c osa .  No e f f e c t  was

fou n d  ( 2 9 ) .

I leu s  ch I or and Ross (90 ) exposed NMR I m i c e  to 40 ppm , 2 x 48 h o u rs  /week

or 48 h o u r s  every  10 day s , or ev er y  30 d i v s  fo r  I . 5 y e a r s  and f o u n d  a h i gh

inc  I dence of  l ung  adenomas 
* 

s k i n  ad enomas  and l ou k o s  i s  i n  t he  a n i m a l s  t h a t

s u r v i v e d  ( 100% s u r v i v a l ) .

~ I 1
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I V .  S ICN I F I CA N T  P H Y S I C A L  ANt) C I I E M I  CAI~ PROI’E R ’I’ I ES

N i  t rogt ’n d i o x i d e  and I i s  p01 vmor  u I t regcn t ‘E r a c i x  I di ’ art ’  a I w ay s  f o un d

t e g et  h e r  at  n o r m a l  e n v i r o n m e n t a l  t c rnpi ’r .c  t u r e  s . N i t  r o g e i c  d i  ox i tie i s  a

h y — p r o d t i c  t of m a n y  e p o t a t  i ons m d  r e su l  t s wh e n e v e r  n i t  r i  c ii ’ i d  a c t s  up on

met :11 ii , as i n  hr  i gh t d i pp i n g  • p i c k  I i  ng • and ot ch i ng , o r upon  o r g a n ic

mater i a I * 
as i n t l i e  i i i  I r a t  I on of  cot  t oil or o t h er  c ‘ I I  ii t o  so . I t i s  i i  so a

by — p r o d u c t  of  t h e  mm ii fac  t t i r t ’ o I m an y  c i t em i  ca I s  i n c  1 ud I ~~ exp  los  i vt ’s .

dy e s  , I acq t i e r s , and cc 1 1 u ict i c I  . It a I so ro sit it c • i n  s i g n  i ~ i c a nt  am o u n t  s
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M ai l’s’ sit tllt’S s’ ,‘ f t c ’s’ IS 11,15’,’ i~ s~s~l) dtOiCi’ It’ s’cI i l l  P d h I ’ d l s ’ l ’S b~’ 11 tt~l~’t’lt I L I  i l c l
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and I t ’l l  v & ’nt r  I s ” L u .  I I  i - s  bs ’ 1 ie ve d  th a I t he  c ha n g e  in the iteau’t. size

(pa r t i c u l a r ly tlte ri ght side ) is due to clogg ing of I t t o  cap illari e s sund

v e i n s  wi th red blood c e l l s , w hic h  gre.Iutl y inc reases pulmonary rc ’,si,’d tanci ’

and the work s) I t i t e  r I gltt hecu rI (7)

Cameron and Cosurtice (8) exposed dogs to 441) mg/rn3 of phosgens” ts,r

30 mi nu tes and n o t e d  t h a t  d u r i n g  t h e  b r eat h  jog of p lios gene , tlt c ’ B loosi

p1’s’ssure  t~’ 11 , p robab ly due to tlte vaga I reflex s l o w i n g  t l t i ’  I u c ” a r t  . A l t  or

exposure to pho sgt ’u te , t i c s ’ B lood  p r e ssu re  gs ’It s ’ra E l y F O S , ’ somewh at curu d t l t , ’ c t

Ic 11 as I t e in oc onc ( ’n t r a t  ion and an r i x  in  prOgrs’sst ’st.

Pu l m o n a r y  a r l s ’ r i a  I p r o s s l lr s ’ in p ito sg eut e  p o i s on e d  (‘ I l l s  was measd l r e d  by

G i b b o n  i~t a 1. ( 2 2 )  u s i n g  t l u e  m a r s u p i a l  i z , ’d h e ar t  p r e p a r a t i o n  Ie chru i qiu e .

The p repared  an i m a l s , each pa l  red w i t l t  a c o u lt r o  I , were  exposed to v a r y  j o g

doses of  plto sgcne . The - s’ou l s’ s ’n I  r a t  i o n — I  its5 ’ ( Ci’) p rod tuc  t s  of  e x p o s u r e , in

m i t  l i g r a u n s/ m i n u  tes per  I i  tt ’r , ws’rs ’ sol  cc t ed to p roduce  va ry ing degrees  of

s e v e r i t y  of p o i s o n i n g  nitd edema . I l l s ’  l i lc I t r i  C s ) f l d , ’il l rsl t ion was 0 ,2 9

m g / l i t e r  + 77 , t t t e dul’ , u t  i o n  c ) t  ,‘ ‘ q c s c u c , I u , ’ ( t ip to 30 h o u r s )  be i ng var i ed

f r o m  8. ’ — 13  m iu lu  Is ’s.  At j u t s ’ ‘ v u  l ’ s : 11  I s ’ r ~;cu ss ing , b lood  p r e s s u r e s

(p u  imona ry  and fems ra I , F t  g i l t  111151 I s ’ I t  al l  r I s ’ i s ’ s)  * p u t  Ss ’ ra u’s * and

re sp i r a t o r y  r a t s ’s wc ’r s ’ t a k , ’n. i ’lts ’ pu l m s i i t a r y  a r t t ’r i a  I p r e s s u r e  Far ,’ l y

rose above t lu e  p rs ’— g l l s s  ing  v.1 lu s ’s s ’ x C s’pI t e rml  na 1 l y ; the  I e i l den cy  was

toward a f a l l , s y n c h r o n o u s  w i t l t  I I I , ’ sy s l  , ‘m ic  ~~FC 5 S 1 l F C  . ‘f l i e r s ’ was ty p  icu  I

b rad y c ar d i a  inun ed ia t e  ly a t or  s ’x p o su r s ’ , b i u t t l t s ’r e a ft e r  the  p u i  ss’

r e sp i r a t o r y  r a t e s  were v a r i a b  lo .  M e a s tu rem s ’n t  is of  p r e ssu r s ’ in t lte  r i gh t

and l o f t  a u r i c li ’s  i n d i c a t e d  no e s s e n t i a l  c l l ang i ,’s t ram g a s s i n g .

In one r e p o r t  of  two men w h o  d ied 19 and 22 hours  a f t e r  acc id en t , i  I

exposu re  to phosgene, cardiac dila tation was observed i l  a u t o p s y  ( 2 0 ) .

A u t o p s y  r e p o r t s  of  Wor ld War I w a r f a r e  g cus  v i c t i m s  showesl tOte o c c l l r r s ’t lde

of  s u b e n d o c a r d i a  I and sub p e r i c a r d  in I h e m o r r h a g e s,  and t h rombos  is s i f  t he

pu lmonary  vessc Is w i t h  t i t r om b  I at t a c it e d  to t i le  ca rd  inc v a l v e s  ( l ’ s ) .

A d d i t i o n a l l y ,  in one human St Oi ly dcc reu sed  1) 1 ood p r e s s u re  and t a c h t y c a r d i a

wer, ’ seen ( 1 1 ) .
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5 s. t i I s ’s ’ I i I ’ t d l l s ’ . I I  ct u tsl I ( t s ; t , i c’h i s ’ut u c ’ :i l I I  t t ’c’t

B I sioct . , \s t c t  I t  tt cc u l s ’ t c i t ch i  i t  s I l l .’ cul t  u c i t c u l s  we i , ’ s ’ x p s css ’st I ’ ’ . ‘i s ’ l )  1115 dii

I t ?  ppIIi I ~‘I  p L t s ~ s s’ I ’uls ’ I , ‘t I I )  1 1 1 1 1 1 1 1  I , ‘‘c , ‘t ’ I u s ’ :111 ttuc t I s  I t t , u  I ~ u tI ’ \’ I v ,’,l WI ’ I c ’

.u u t t ’ S t h i i ’t I ,‘ s ’sI dlIl si 1 c 1 , csl sh i - c . l i d l l ’ I c ’sl t , ’i i - c s ’,h lo i n .  ,‘ I t l s i t ’ t ,te , t s ’ t . u I I u h il s i s ,

i t e u t  111 1 1. 11  s , I s i t - i l  t a t  I v  .i~ ’ u s t i s  • I s s I . u I ~‘ h u , c h  i t  ‘ i ’ d , , ‘ i - c t  ,‘r oi tsi I 0 5 1  s I  , ‘ I

I 11 , 1’ s I t s ’ ls ’5t t ’ t , ’ I .i i t s l  1i lis ’ i- 1ih is ’ I , c I s  I ~b’ . I l l , ’ I ’ve Ii - ; ‘‘I  ,- l t  I s ’u t ,l, ’ cu ~~sI c u h  I

u~
, t  s i t s  ,‘ x s e p t  i t o t u l  i , i  I I , t  ( we I s ’ t i ’  , cs ’ ’ ,‘ s ’ c l t  I 5 ’  I I , - U - 1 ‘c I, ,‘ I 1

lit r , u l c hi i t  5 , slot ’S  • 1 1 1 , 1  5soli I ‘c 0 ~ i’ s ’’ .. ’ s h I s ’ . 1 l I d s ’ f ill ‘ ‘I  dt l , c ’ c s ; , ’ d l , ’ I s i l

II,) 111 1 ItO t , ‘~~ , cl 1 , 1  I i  wct s  ~‘li t ; s ’t  Vs ’s1 l i t  t ,, . c  l i ’ t u , , ’ Il l ,uuusl I s ’ I ’ , c  I tut I i ‘1, - I  I s it o ;  , i (

I l l , ’ hi h , ’,’~i 
~
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II ) 1111 1 1 1 1 1 , ’ ’ , , I l lsl  s I , ’ 1 1 I I s,,I I - .‘ sI l l s’  S I . i t s ’ I .  l i t , ’ I t u i t g  S we i’ s ’ I s lIls ci ,’ , ’ si 111111

, ‘ I s . I I I I I 11151 It t sts ’lsig is ’.i 11 ’ s’ . l ’ I s c ’ d ’ I ’ f  I s ’I t lit ’ P~ 
s ’S c ’I tc ’ , ’ s i t  lil ’s ,ltc, ’Ii 10 l i t  iS  11151

1”’ i ’ t h t ’ c’115’h t  t s ’ I  t t  l ’ s  I SIS ’ s ’ l V  1 115 I s ’ I ’ IIlIIl.i 1 ,lIl s l I s ’ i- S Ii i I  I t s ’ S ’ , Ii l’ ,iI’is ’h I t ’  I t s , t l u , ’

1 11110, 5 ;  W, ’I ’ ,’ 01 11,0 W l i - S c ’ 1150 111.1 I I ~~~ 1

ISs’t ’lt t ~‘ I, II) 1 555 1;, ’ st c l O g s  w i t  II  51t545 s’’ t t ~ ’ .11 lIt , ’ 1 1 1 1 1 1  111111 I I,’ t 1 1 , 1  I Jo’;, ’ 1 1101

i I i e,( ) .111 ,1 S t  l i s t  i I ’d 5) ’~ 5 1 1  t ’V I 5.’ , ’ 1 5 5  I s c u ’  I ’ s ’ s ’s  pa I i i , ’ I s c~~ z 5 . 1  1 s ’ l l  c d l i ’ s ’ s , I i i , ’

. lhi i t l l l i l i - l  w, ’ r, ’ k i t  1 , 5 1  III i t i t s ’r v cu Is 1 1-0111 .‘ ‘S,t) s-,’,’ki-;. / t t O ’ d d l  s’ ,’ ,’ s ’t  t i s , ’

.111 ul t i , l l , S  S l l oW , ’s( i t s ’  0 , 1  s ’ 1 S ’ 5  .‘ll’ l t s d l ’lIIdl  I i t  i ~‘~ ; , wi t u I s ’ Ills ’ 1 1 1 1 1 . 1  I I I  I ts  s i l s c W c st

d ’l I l ( i t t V  St ’I I i . I  , pI l I ’ I l u l k l u t  1 . 1 ,  s ’ s d t l t ’ , s ’ i - i  I I s lI t  • i t , ’i t l s i l ’ l’i I , l , ’ , , ’ , s ’ s Ic ’ l t d , l  * I I.ill’ c 1 0111

B t’out~’li c d l i  p l 5 l 5 ~ ’, I 1 15 ,  I l I t s I  .1  Is ’ l~ ’~’ t 115 i i - ; .

I ,u, ’ Il , ’i S I l l s 1  1111111 i u l ~’ I, ,‘ Ii ) ,‘~~ 1,, c~ s , ’ sl II clogs; ( IIls d I t g  l’ s ’ I l  ~~s 0. ~‘“t

5115 1 11  s ’ I  s l I I i h t s s g , ’it t ’ t s t i - 10 111 1 11th t I ’S .  ( . i , c c ’  I I l t d  I l t s ’ , i - 5  i lls ’ I llsl t ’ch t ’ s t t ’ I t I d l

I ’lthp h ls’ ss ’ tn, u, i t , ’ is ’s’ 1 , u S i ’ s , ~ihi ,l s’O h i s s ’  I I sI ,u l I~~’hl I i i  s i i l , ’ sO ’ l1hdh ’ , ’ l , i h i , ’i - s ,i l I iu , ’

I l u l i g  - .  s l. i v 5 .11 t e l ’  s ’Xpossul ’,’. AdsI it  I c’ll,i I I v , ‘‘sihi l i t  ‘‘ l I l t  I S ’ , ’ 1’ i’ sdl t s ’Il I s ’ I i t  I i - . ’’

w ,u  i-; I 5111101 W I  I Ii ( I t , ’ 1115 ,1 lvt’d I ohs ’s sh ow I itg sI t I I II lit ’ ll t t i I l s l t l l h , ’ I s ’ .i i , ‘ \ i l s h  u I ’ ’

W 1 1 ( 1 1 1 1  l i i , ’ . 1 Is ’ , ’,’ Ii , p Ito-i I Os’ I 01 1 Iii s’ks’ut I l i t ’ ,  .uut st ~li  51111 1 ‘- c I t  1 ,111 s i l (lit ’

,i I v , ’ ,’ I t i  W SI I 1’; s ’ sd l l t ( l s dss ’ sl s ’ I l u 1 ’ , ,’ l l I , , l t , i i t l l s ’ Is ’.i I’ s ’ s I I ;  d I l I c t  \‘ s i t I I i ) ’ ,  t I l’ i’~iI’ l. i ’ c t

1

1 1
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CoItl s ’I t s’t cu l . (2  ) t ’X ps~~t ’d slslg 5 , 011 1 5 , 111 1)1) i t s  , gt u  1 I ts ’d I p 155  c h I l d  1 , 1 1  s I s ’

V d l F v  1 115 s’ s) h ts ’t ’i i t  r a t  I si i t s  c d l  l l l l c c sgt ’lu e (0 . 4 —  1 . ~5 mg/ l i t  01’)  1 ,‘r ‘IL ) tfl~ 1111 1 ’S ansI

k i 1 1 5’d tt il ’lli .lhI slit I ,‘r t ’n t  I t Ills ’ itt t ’ rvsi Is  s i l l s ’ t’ s ’X p s S s c U l ’ s’ ( Id , 1 5— 5 ,

h o u r s ) .  ‘FI ts ’ 1111155 Ws ’l ’s’ rs ’I l lsu vt ’sl i l l  t o t o  alt st s ’X aiiu I u ts ’d 11 IS to  log i c c l  1 1 ’ , .  ‘l I t , ’

COil  rs,’ 0 1 1d1b S go Its’ p o i s o n  i 115 wcl S c l i v  i des) a r b  111,11 1’ i 1~’ u i tt o t I l l ’ s ’ , ’ I~l uc1 i-i s ’s

Ilk’ i nc  i p it ’nt sts~~g s ’S t s ’uts l  1 5 1 5  1 I’IdlIi 5 .1551115 up to — I s  lu s i u r s  ; ( Ito s r  i _ l u  s’ c i l

dot’ t 115 wIt i ~‘It I Itt ’ 11111 js ’ r u t  V s i t  sI~ cut Its oce ui r , ’d , e x t  t ’l ist i05 Is’ cl ,uv I

a t  tot S ’ ,dl s l s l ng ; Sod t l t s ’ rs’grs’ss iv s ’ 01’ l’o,parz - u I i v e s t d l ,g~~ c , ‘x t o n s l i u t g  I 1 5511 t h e

‘4 111  d c l v  s i l I W d I  i’d . l I l t ’ I t Ills’ 5)1 s’SiIUII ts ~ t 1 sl I t  o I l’s’ pa i r was tills ’,’ I’ I SI il l , sI ts) 1(11 ’

r5’s i shut ’ s d I p lioSgs ’ Ild ’ 01111 roga nlod 55 I lls ’ I t ’I’mi I l d I  1 S t  d i g l ’ 5 11 rx ’p ,i i I’.

‘l’hio t I tc~~J~~,_O nt S, ,~ ,~~t’ was c l t c i i ’as’ Is ’ I’ i , l s ’cl I’’,’ s ’l t l 1itI ~ ’ Ss ’tIllI  • I l l ’s’ i’OS iS , 511,1

sI 011gb U5 o t  B i’sm chi is) Idit ’ iIlSls ’s)Sdl, (is ’t’ iv a Se s i  l d I l ’  d i l I s t  (i t ’l’ l b  l’ s d t l s ’ l I  ic ul ,‘ sI, ’lll d l

s’onge S I I O f l  and cu lvs’o I a r  s’stt ’insi , tlt is’kt’n i itg s i t  B rsiuis’lt us ’l  d l ’  111011111 t ’ d I l l , ’ 11101

h r s ’ sncht i a 1—B rsotsll i is  I ar C s lIt S hr i s ’ t i O U .  N, ’ i l  1101’ B rsiit s’It is’s I Ill ’ p I 11555 Its ’S

s’mp ltv SO uita Oslo Id ( s ’  rs’ 1, 11 ~‘d S pa t i a I l v  w i t  ( u dl I vosi  I dli ’ s ’sIs ’Ii ldl  , d Ot s )  .1 1 1 Is ’s ions

il l  t Ii iS p hla  55’ t t ’nsls ’sl I s ’ s  be w i t  h io l l  I P l’s’ I ,‘ r o n  I us I l 55 ,1 I I .1:11 I i’ll . ‘I’Iu, ‘ l ’ s ’ W5 S

cus ’ way of  dos ’ i di tug wlts ’t ils ’z’ I Ii,’ I i l l  d I I )  11 g i Vu ’n ci I Vs ’ s’ I l l S  d I l ’ siSs ’ t 1 0111

su r ro t i n s l  l ug  or more d i s t z un t  c l Ip  11111 1’ I s ’s . N o l OsS I c i l tS w,’r,’ I OI I1 t st  i l l  I lls ’

OX t i’apt l  lutoit cu ry t i S s u s ’ Ll l  t i u  is  i lt s ’ p j o i t  I 51 d I g s ’ , d I l I s h  I li t ’ l ’s’ W dl S Its ’ c v  i sl,~ns
•’~

o t  ddlilt dtgs’ I s )  I Its’ C.ip i l l  dl i v  s’udot tie 11,1 1 s’~ ’ Its.

A S 1111 1 1 ar ~~~~ rvat 1 011 O Il S  d l l d l c l i ’ l i v Dc~ I v  s I  ci I . (ci ) silt l i t t I I  i - c s ~~cI ~I~’g l I l l I s ’ ,

I’srep curdb l i On s  s’xposs ’d to (l11s ’sli gone  (B t o—I I , ‘nI l l  1115 , 1St . llul cl s ’r (Its ’

c ’su ’s~I i t  i cots s i t ’ th i s’ss’ s’ x p o r  i m, ’i t t  S , I l l , ’ ‘~ t Ihio I og L’s I s’ l l : I i lg t ’s p h ’ d ’t l l ls’i’d ‘v

ga s- s  iuig W it Ii pIlOSgOitt’ WI’ 1
,
1’ l,’s)fl I 1 Ill ’s) I ci ti is~ I ’ i’ons, ’I t  1,1 1 t Il ti s ’si

In hIts’ cri tical s t a ge  si t  ph t o s g t ’ns ’ p si 55151 i 115, l i t , ’ dI ll 1 1111115  1 h a t  cli Os1

s’Iui ’ ing  t I ts ’ I i r s t  48 h ours  c u l t s ’r t’xps ’sc,il’e i t c u s l  I l ’o tt i t i i  I 1 ’dt I i ’si c ’lt , ’ct . l t t s h

t i n  id— I i I Is ’s( h ronch I .  ‘I’l l i S  I i  lls( l Iig W5S 1’,’ I i  ti ’tI t s ’ t lit’ cit ’ l ’t I I ’t  i’,’ I ,‘d ist ’ o t

I cti’ go dtltt t ’d I I i l t  s 1 500 uttl ) o L I lui ii V I I I  Il it ’ I I’dl c ’t tt ’d i iututt t ’d c . t l s ’ I v  l’ ,~ 1oi ~s~

s( s ’ c i t  It. ‘liii’ lT ttl s’ciS db I sti r I act ’S s i t  (l i e I rc u s’l it ’a dulls ) 1 d l I ’ gs ’l’ B i s i l t s ’lI  i W e t ’ s ’

tIS U51 I I  y shusdO I t t , 1111(1 1 hu e p I t ’ I t l ’ dl I s’,’iV i t  v was 1151151 I I  v I ri’,’ slI I l t i i sl I,

I

1~’.
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S Si’siSs I v  , Ill s ’ 151055 ~~t ’ I ’,’ 1 .11 5 5 ’ 111151 1110 1 1 I t ’sI. ‘I ’l l , ’ 1 11 15 ’ 1 5 55 0 5 1 5  I~~’ P11 I l l l s d l l , I  I V

Ic ’S l sIllS his’ I tld t ,’sh pi ’~’ S5 ’Iis ’,’ ‘‘I l , s d S S  115 )1111 I l I t ’ 5 1.11111 l I l t ’  1111111 ’ i ’ l l  I Il Itsl I 1 1 1 1 1 1 1  i t t

tl t ,’ I Icu i s l  I i I I I ci, ’, thi, ’ ci I v s ’ si I I , l l I ’ i t l s c l t ’ i l c i ~ ’, I s ’ d l S c ’ .ls s lI t I h i , ’ .1 I v , ’ ,’ I sit ’ S I l l ’ I d l , ’ , ’ ,

f lOC l ’ s ’s s • . i t t s l  s i  situg lt u c i i ’ ,  s i t  hi t ’siu ’ss’lt 10 1111 ’ s ’p 1 111,’ I 1 51111 d l l t s l  i l I t  t ’I lS l ’

1 1 1 1 1  c iii it l c lt s ’ S’,  I s ’S tO lls 15 1 t i l l ’ l i l c ’lls .’ h I  I s ) l , ’s I p t t t ’i I lliOii it is’ l’s’Sll siu i Sl ’ ) wh i, . ’It wI ’I ’ ,’

gs ’t d s ’I’dI I I  v I s ’c ’ ,t I b u t  s ’s ’ s,’ S i - s t s ’II,I I I c,’ .1 I I I l l  s,’d wit II  s o c I t  I s ’ rs’cl s’ s I ls u I d I r  cul ls t

I I li i’ 1 1151115 s ’ x i l t l : i t s ’ . I i t , ’Ss ’ I s i - S i sdlld d W O I’,’ i sls ’t i t I s,’d i 1 rega i~sI I~’ss 01 5 (it ’t’ Is ’i -S

cuutcl I Ii , ’ v~~I’ V 1115 0 51151 i t  [s i lls  d l 5’ X5s 15 i l l ’ , ’ Sits1 a i i ’ ~ i t ’d I s) l’s’(i F, ’ St ’ui I Ill , ’ l’s’ Iv

I l l s ’ I tu l I cI, ’v, ’ I dip llls ’I t I c c l  t t i c ,’ s’s r I c ,’r s’lililtgs ’ s (2

I l l  dill i t lc du l i - s  1 11111 S c l I ’ V i Vs ’s1 I l l l t  i I I It , ’ l i t  i l’sl d d l v  r t ’g i’ c ’i - sS 1 s il t s~ t I Its ’ t ’stt ’illdl

.ilt,l s.’ s’I’lgt ’ sI I ,‘il dl (i}i ,’.t i’,’~l I s i I l d i v o  t ’ s s’g t l l l  , I,tu I Iii ,’ os ’ 1 1 5 1 1 . 1 1  s ’ x s u d c u t

I i’c ’qIII ’llt I’,’ I lls ’ i’s’cus,’sh 111 sS , ’ v t ’l’ it ‘s’ :111,1 I ’S b itt . ‘t ’I l , ’ss ’ 50 1 111,115 t, I 2 1  dogs

Wt ’ l ’s ’ s ’Xdl tt ll Ils ’dl b 5 ’t w, ’ ,’t i -+  .iutsl 135 s I l ly  S It I s ’ F 5’~~I’5’i-o-~
’0 . l\’p 1 s’dI  I l ’ s’ , I i i , ’

t ’og i’,’ss i Vt ’ s’Ildllt g t ’s ,‘,illS t i - i t od ,‘ I s’, l’d iclll.I I cI 11111 11111 I ,ill s i t  l i i , ’ , l d d l s ’s I l t t  s i t  I 115 1 d

i l l  lIt, ’ .1 lV s ’c’ I i  ait d i’Oshlls ’ Ii slIt s i t  s’ si u t g s ’ ls I i sI ll  so Ih l,l t h’s’ 2 w,’s’k s

i’ s ’S t  5’,1151 5 1 115 I h s ’ l un g S  t d l  i I otl t O  cI l ’i ~~ I b u d  sill SOO t I 5 1 115 . ‘I’it, ’i’,’ Wc ’l’ ,’ . 1 1  5 ,i

s ls ’ c’ I ’ O d I S t ’S l I t  I , ’I Is ’ sis ’\’ Is’, ltl, i l t s i s ’V I s ’ , 101st I I i d l ’, i h l I . l S t  11 1 1 i l l  1. 1 1  1 011

(B rs ’lls ’l ls iptlt ’Iltll o cl 1 .1) 1 I l l s ’ I Itt ’ c u I v , ’,, 1, 15 c ’ X IISI,I t ,’ * di i ’, ’t  ll r l t Is ’ t l s ’ r t l d , l  I ,i t  t i c s ’

I 51115 t’ s ’shV we I gIl I r d  I I s ’ , cuits l 110 I lls’ r , ’ c l : S s ’ sl l ,’s’ .11 1 1 hi ’ot ’ 1,15 1  I c ’ prs i I I  t O r , l t  sill

B~’ ,‘ wt ’s ’ks  ps ’st I ’ X I i 5 15II  r , ’. I’l u , ’ I u h  1, 11, L I s t  I t ’ p r o  I I t  , ‘r:l I i • ‘lt ; t i lP , ’ .- l r t ’st I s ’ li t ’

I Its’ Iils ’d i l t  s i t  r epa  ii ’ 5 ) 1  l i i, ’ .1 I v , ’ s ’ l , l I  St  I l l s ’ Il l r s’, S i ll s ’s ’ d I l l 11115 I s  I i ts  I

S l l l ’V  j VOsI I s d 0111 ’ I l I s l I t (  lt  .11 t , ’ l ’  , ‘ , d l s ss s  l it) ’, s-ch i c iw,’sl s ’Iu p i iv  5, ’Idl d l • .1 I s ’ l e s t l i - I  1 5 , 1111 ,1

1 1 B roti s so Il l’s  . By slsv B() l p , ’s s t  ~‘ xP 5i5111 ’s ) 
• ciii l v  Ss’ c l i i ’  1115 ’, , I s l5t ’ t I l t ’ 1’ W I  I I I  5.’

Ss ’ .11 I, ’l ’sOl s’it l l l l iV Ss ’llid l sIlts1 I s i s’ j  0 1 s i t s ’ l~ ’~’ t d i  i-s , ls’ , l15 S, ’t ’it  s’,il lS i s  I t ’i it I v  u t  l i t , ’

5,’s’ I I sills . l’lt,’st’ I s ’s i ou ts Wl’l’ s ’ Ills, ’ s ’hs ss ’ i ’vt ’sl i tt lIt ,’ ds igs k i I I , ’~1 1’ i t iout t  i t s

a t l s’r gd ls s IIl g I_ ) .

it t lll i llllhits ( 2  ws ’rk , ’i’s ) wIl t )  ii i t ’d 15 1 cuu i , l 2., l i s I l u r s  l I l t ’ r 1’X505Ii~~5’ t o

1)(ioSSeItt ’ (cllllsiiil t l not  St d u I ’~l ) , I Iii~ I , ’ I I ,ic,~ j ug dlI’ sI t s’i’fll ,t I t  I t ’S Ws ’i ’s’ ciii ss’t’v,’sh I l l

,lli I s cp  i- i s ’ : stub i’s l s ’ti i’d 1 0ltip It~’ i-i c ’ md l • I c li i’s’ I I s’ a~h l u t ’ S I OIl S III II’ Is ’t’ S 01 li sit ii

1111155 , hit ’ms i t ’ r h t c i g t ’ iii I It,’ I i i  t , ’ hts ’h t \ ’ l I td I  , 1 1 1 ( 5 1 5 1  I t  1,1 1 i ’ i l l ( lh tV St ’llt dl , slt ’S s l lIdI Itl:l t I s ill

s i t Id Stills ’ It i , 1111111 1’d 5,’ I t  Ill ItO 1, 1115 ,1 . d lnd g5 ’It ,’ I’d I c’Oll 5s ’ St I S ilt (‘0). l ’ I  I ’ll l’,l I

s’ I Ill s sIll s 001’,’ .1 1 50 l’I’5s ’i t , ’sI ill I I t , ’ d i ll 1 s ’5 i - S V I c ’s’,’I’,lS ,‘ I 10” W oi ’ Isl l%’ sI I I

so 1,1 u , ’u ’ s who ws ’ c s ’ gsss c ,’ sI w i t  It  p l ts i i - s g s ’i ls ’ ~ t ’ ’) . ‘1111 ’ Ii i ,’’,’ , s’lI; u ll )’,s’s s’s’ s’ st l ’ I s~sI

, I l h r  111 5 ( Ii ,’ s I l t  I s d  I St  d I ~~~ ’ “I  p lis l II s’,,’l Is ’ i’” 15001115 . 1

---—-~~~~~~~~~



Au Is)p sy  ddl I d l  on I l u mau lS  1 1 1  t h i s ’ rs ’g,rt’s SiV e 01.’ i’
~~l~

1,~~~!~~~~~_ l u ’ s’ Si r s ’

I t’d iglltt ’ i lt a l ’v 111111 ds ’s ci’ iI)s’sI IllS ill Iy i n  t erms  ot  ‘‘B I’Oll s’ I I s ) p I i s ’l ihIlOlt  I l l ’’

15 , 32 , 1 3) .  In  one 111551 wIts) d i e d  1 1 . s s lav s a t  to t ’  ox p o su r s ’ , L i s t ’

comb 11111 I sin c~ t 1 lb rob I~u s t  I c  p ri ’s l i t , ’ rsi I i o u , Il ta s’ So p115155’s ill I (is ’ a I vt’s’ l u

c i t ron  so B t’s)lls’ht it I 5 dlfld b rottelt i s ’s’ Ia sis , and i s ’s u dud 1 s’deitldi wa~ .1 luuts’s

idouil icd l l w i t h  t h a I  soon i n  dogs ( 1 1  . 12 ) .

Vascular Ps’rlt ls ’ab i l i l y  ansI Eslerna I”or mat  i on. Boy d and Se r r y  (2 3 )

exposed adult itta I~ r subb i t s  to 2 7 0  ing/m 3 (b 7  p5th ) o t  p I i O Sg s’l l s ’ vapors [515

30 nfl nsu Is ’s .  l’lt is d~~~s’ k i l l  s’sh nls)l’e t I t a n  80~ si t  t lt o  dI ll i ltlli is. l I l t ’

Sil rv [Vol’S Os’ SO dint’S I l i Ot  i s ’, osl 1151(1 r i ’s p ii ’s t o r y  t r5c ’ t [Lu is )  mea su i’ c’sl c u t

l u o t u r  I v  lh1Is ’SValS and s’xp r ossc s’ sI It S I f l h / k g / 2” i ttt)ul ’S . Sdtitlp l s ’S s’ s ’s I  loo t s’s) ns’d lr

I l ls’ 1 1 1114,’ ot t I l t ’ dI l l  111111 Is deat  I t s  WO SO 111111 l yz od t’or sod 111111 , cit l o t ’ i s ) s’ , ~ i~ it

l i p id s’ontt ’nts.

M,’asureint’nts s’sn c ’o sp  i r a to rv  t I l l s ’ I f l i i  I s )  S i lOWt ’sI t i t a t  dtht’ [115 1110 1 , u t s ’ nt

p e r i o d  (B  ltours  a t  b r  si- x p os u re  ) , sod iun t and cIt L o r i s 1 , ’ I OVs’ I s  ws ’rs ’ c ’ 1 s ’V d l  ti’ sI

b u t  I lu e  Vt,) 1111115 ’ I’s ’tliIl isis ’s) tiorrila I . 1)111’ ir i g  I I I ,’ oat ’ l ’s~ 5) 1115 11)1111111 C pe’ r i od

leve Is o f  sod iunt sins) clt l o t  i sIs’ Os’ re do t i n  ito lv “ I  o V c u  t~’~l h u t  t t l s~ Vs ’s 101st’ Wa S

s t i l l  n o r m a l .  J u s t  prior to ds’a I l t  1 l c t t s ’ sylltI’l cJillllt. ic ps’t’is~d ) , rs’sp ir d -us)rv

t r a c t f l u i d  p s l t u r s ’st out  s d f  t i le l ungs  III  a r at e  t h a t  avs’rdlgs ’s) bId I illS’S lIlt’

no~~ a I. A n i m a l s in t h e last Stags’ lidi st i l t t s ’ tl S s ’ 551 Imsi nd iry  od Oll ld t ,

ti omoc onc o n t  r a t  sill , dilt d lit t I s’ or no rs’ S i s t  d l l t s ’s ’ t o  t h i s ’ let ha 1 o f t  os I c l t

u r o t t i a n s’ (23).

Cams’ron ansI Court u Os ’ (8) invest i gsi t t ’d p lts ’s s g ’ nt ’ 1,th1 , ~ s0t i ll)’, i l l  l’IiIih t I S ,

slog s • and goa ts to  oh Ia i n t s l  I lt,’r 11) 1 s’rma I ion  I t ’ ga rsl c ng I Ii~’ p r o s’os S s l I

edema I , ,rmat [clii . ‘l’he lilt m I d  Is wt’ ~~s’ s’xposs’ d to  ~+ +  ~ lug / m
8 

ot  I’s(ts ’ S gs’Iis’ t , ’r

10—3 0 in i n u t s ’s . In I tt i’ rabB i t  t h i s ’ t l u i s l  loss  in t h i s ’ 11111 5 waS r’apisl , b u t

the  wit lid r . lw di  1 o l  I Lu is! I rom I l ie llIl dSiIfldig t’d t i s s u e s  t ill 0 I Its’ B I slod Wa i-i so

rap L d I (idt t Ills’ p la sma V s ’ s  lums’ ussua I ly t
’
s’ 11 vs’ry l i l t  Is’ . For s ’xaut t p I s ’ , t i l t’

ut~’an toy s ’ 1 of p ba sins prots’ ins , a l b u m i n , and g I oBt i 1 1 1 1  001’s’ , respec I i Vt’ Iv *

5 . 5 7 . 1 , 2 2 , and 2.35 g /100 m l c i l  p lasma Bs’l c l r s ’ s ’X (’s i l i t l l’ t’ IlItsI ‘. .37 , 2 . B I

dlfld I . is gI 101) ml o f  p lasma :111, ’ r s’xpos t i r e  (B  ( t o u r s)

1

l b  

-
~:
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In  bits ’ d s’sg 111151 5, 111 1 * h Iowt ’Vs ’ 1’, t h e  p 1 astu a 115 s is more 1111’ i d t i l a l l  I (ts’

w i  t l t s ,It ’suw.u I d l  I hi i s)  t t oni t l i s ’ I i i - i s s u s ’ 55’ t I s a t  t h e ’ P idt sltia Vs’s I su m ~’ I l l  I l s

s’s)nS i d&’ i’ab Iv at 12 hours  a lt ,’i’ s ’x p s d s s l u ’ s’ ~tutst ri mS i l l s  al Ill  I S  I e v s ’ I 15) 1’

lIllil t her  12 iu o s u t ’ s , dl I t t ,’r wll icl i i t  SloW I v  r i s ’s .  Ai - ;  soc i dlts’d w I t h i  I Ii i s  Idu I I

ill p la sma Vs) Ituns ’ i’s cu l’ t S , ’ i ll  Ile lluo g Is’1) i i i  511th rod s o I l  cs’iunt . Six ( toOl ’s

.1 t t ot ’ s’ xp OS ui’t ’, Il s’lllos ’ s l I ) s ’ s ’I l L  I’ ll I I on  b s’g in .s ansI r ap  151 1’,’ dove l o p s  . ‘[Its ’ f d l  I 1

l I t  1)1 ~~5ltl 5 pI’s i t t ’ in  i’s 5151 ,’ Is ’ I l l s ’ I d l i  1 i n  ti lt ’ di IBi iu u t i Ii sinsl g l o h u l  i n

1 l’dls’ I s i l l S  , 115 111 Ills ’ L’S SO sl  I t hus ’ I’ll hb it s I, 8

‘l’ l t t ’ lyu l lp hl  slrcu i l t d l s ’ , s ’ sit  h i t ’ 15111 5 111 *.’ r s’xp s ls u rt ,’ t o  l c lts lsgons* Wd I 5

ds’ t&~ I’lthi lit’s) I ot’ t t t s ’ sl s)5 in Ib i s ’ d l i ’  lv,’ st  t ish is’ s (S  ) . l ’Ii ~’ 1’ 1 rsl 2~~~~5 l lou u’s

dl I t s ’ r 0 xps’s ui ,’ b i t , ’ ra l t ’ ol  I I  OW I’s’utta jtis’d app u’ox Illidi Is’ lv  t l lo  Ss ll i l s ’ , ‘c d l  I ’ V i ll)’,

s I jght lv  in s hift s’retit din jun11 Is, But IIit ’ri’.u ft s’r t ( t s ’ I’ du td e 5 ) 1  lvn t p ii t low I’s’ss’

I I I  i r  Iv s t  s’s’p I v  t o  r s ’,ts’It di O Of l S  I ds’ r ab l~’ l s ’vs ’ 1 , wIt iclI sisl ldi I Iv last t’d m uut t I I

deal  I t .  ‘1’t~ ’ st ’vs ’r I t  v s ’ I t h u s ’ esleutlI WIt S l’s’ I 1t~ ts’d by alt i nc  I’s’ass ’dl

ho ci r t / l un g  we i gli I r a t  i s ’ Si’ s’ Ii cit t l t o  I ins’ of  dec i lb .

C~tni , ’ rori  ( 3 3 )  uisitt’st tltat I Ito m i t  i ’scho n dt’ is u o f  I lie ou td s ’st It s’ 1 ium l i t i  j ut s

t Ilt’ cap ii 111 1’ I s ’’s d is i nlc ’gi ’dI t s’ 111)51 d i sapp t ’a t ’  b~’ I , ’u ’ s’ L i t ,’ cap i l I a r  i , ’s h~ g in

Is’s leak .

Noss’ (o ds i i ’ p s ’t’ s’ op t  I s i l l  ) .  We I Is  et 511 . (35) Cxp siS s’sI “B utt i I i t a r ’ , ’

ps’ r Ss)rinO I ( w i t h o u t  l’s’s l’s 1 ,11  ilt’\’ p vol ’s ls’ uit s) Is) 1 115’!’ OIl  S ing 0 ottc s’lt It’dl I i s’ils s~ I

pho sgenc  * unt t 1 a l l  sub j c ’c I s  coi l Id dt’ts ’s’ I pltOSgens’ b~’ slslsl r . Of t h e

‘‘ I Os’it l l  i c~i 1 lv t rdl i ned ” (n t ’ f u r t h er  c at i t i c  a t  i sin) pi’ rss’snns’ I , i i i ’  t Ie t o o t  s’d

pl i o sg o u to at  b . I n ig!m
1 

( I  .5 ~~~~~~ 301, at 4.7 mg/I S 1 1 . 2  p p m ) .  an d

l it I ,5 mg/rn
3 (I) .‘i p5111). E l  I s ’s’ t S c)tits ’ r 11111 11 0(101’ sit ’ t , ’ c t  i s’sil WI ’ l’s ’ lii’s I

cli’s s’ r i b ed .

An olI ’it ’r st  I l s I \ ’  inv o ly i n g  ‘t siub ) , ‘s’ I S  FO ps )h ’I , ’sI t i t o  “del  ,‘s’ I is,iIl IIii ’s’Slls’s l~ h ”

t o t  phtosg ~ i’it’ as 1 .0 piim ( 35 ) .

O t h e r  O r g a n s .  IJogs , c .‘lt s , r aBB i t s , go i its’s ~c i gs , 1111(1 r .u I s  s’xpo~~t ’d t o

V d r y  I tig s’ Oi ls’ I’ll I r~u Ii s’ns of  pitos gent’ (0.4— . 2 ”  lug i l i t e r )  I or 30 1111 110 Is ’S 11114,1

k i l  1~’sI t(ts’l’s’a IIt ’r  I l l  variou s time’ int,’rva l s ( 0 . 3 8 — 8 , 15 (toni’s) a l to s

1’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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s ’x~~~, ’ s5 s l l  s ’ s i t , ’w, ’ sl s’ d ’1 t c ~ , ’ 5 t  i sin  d l  t h u , ’ 1 IVs ’l , sp Is’o u u ,  k u s l l t , ’’s ’ * 1111,1 i t t  ‘st  i l l s’s

1, ’ ‘ it o  , u , i t , ’ i i , I  1 g b ansls s’s’c:l,; i s ’tl.t I 1~ s t I s lW s ’sI sIllS 11 II , ’nls ’i i ’h ia gos l I t t h i s ’

Irn’dIi 1 1 c ~ , ‘ I  .11 Ilu ,’ 5’,’i’i i s’sitt t , ’d iu  I I .11’ ’,’ lInc I I t ’ll . ‘l ’hi s ’ss ’ s’Ilslilg s ’S w,’ r,’ ssl * ,s s ’ i’Vs ’ ch

ii, ’ ws ’t ’t i t h is ’ 7 t  b u 11,111 1’ cu uud — s l d l i ’  
~

‘ s ’ ’ s
~~ 

I — I l’, ’dl I liu,’nt p5 ’r I sis) .

l i i  l t tlihld lt tS , I c ’ S i t s ’ s ’ xps ss s s Ir s ’ I cs i l t c ’ s ’u t t  1 , 1 1  l~~l i l S  c l u t ch I in s’ ttol g iv , ’n ) I i  ~I 11 , 1 1

P l’sl d h t l s ’t ’ .1,14,’ ,’ 1 5 , ’ s’ t l t ’c t s sill t h i s ’ 11 v s ’s * k d i l l t ’\ ’ . Sp lot ’n, St sllll d i ct l 01’ 511111 1 I

itt t , ‘s t  Irit ’ il l s’tlt ’ St lu sI\’ 121) ) , h su I i l l  zuut ~iI Ii~’ 5 , II ’,’ (‘s ’l’ s’ilh j .1 W 5 s ~si ,  so I t ’ s ’s) i t

1 iu , ’ k I slut s ’v • Sil l , ‘, ‘ l l,  I lu ’s ’ rs’lsl  c i t t d  I i l V t t t I l S  , c u l t  l I s i l i g h )  i l c l t  i n  I I I , ’ h l v , ’t ’ ~ut t s l

IItll ’ s ’ll,l I s (12).

I’ I I lit ~‘‘c ,t 01 1 1 . it  ) j Ilt s’s 1 1 c’~ l Is ’ si l i l t ’ gs ’ l l , ’ I’ d 1 l l s ’dl 1 I I I  0 I Ils’s’sll 1~’ wh o

ws i rk s’ct I t t  .111  1 Sc ’s’ V d l t l d i t s ’ I l l s ’ I sil ’’s’ . An is ’sut s~ t Ii , ’ ~
‘
~~
‘ I l ’s 1 d I l l S i l l  I Its ’ I c l O t  sl l V

.11 il ls ’S plu, ’t ’,’ 00 rs’ (515)5 50111 ’ 1 I t ) . I ( ‘ p i t t ;  ~~.‘i t t t g  Il l ’ 
~~ . i t , ’ x c un t , ’t l iv I t ’ll

sI I I S , ’5’V ~~l t t , l t , ’ ( 0 ’I ) . I p5111) . iis ’Xdllris ’I i ts ’ I o n  si t c t t t i i Its ’ (1 ) .0~, — 0 . S I  p~iit t ) 
*

‘11 1 ,‘!‘ , ‘I l , ’ t l , I t ’ils’ i i ) . t ’’~~ i .0 1)1)111 ), 111151 ci i tt ’,’ I ( 0 ’-e .11 55111) . ‘l ’ll , ’l ’s’ Wd I S di SI  l’d ii t 5 ,

i ri sh i t ’ll II Oil c i t  cuB risil’lttdi I I  I is ’s i n  t his ’ I i t ’dI I ’ I s  dul ls) l i t ’  s ’r ~ c ’s I t lit ’ w o rk  ,‘i ’ s . I t

Wd l S Us ’ I I’s”s~ 5 iB l s~ I s ’s is ,~ v II s 1W h Ills’ h i s ’ I I t  i S  55 ,1 Is ,l I I I ’ I l ’tu I dl I’ l~ ’ C s ’ 111 1s 1S sell,’.

s’s(l s’c’ Ill I IV SI it s’s’ Ils ) dIIi l ls)l ’ultll I i t  I s ’s 01 1 h I s ’ I i V s ’! l , l Vs ’ h’ s’ s’Ii l I d 1 ~‘~l itt ,lll t ill.llS

s’xpc ’is s’sI tc~ llt ’l i l s ’ltt ’

s(~ C v t o I s ’ s,~~ c sins ) c~~~o~~~n s t i s ’ E l t o s ’t s

No l’s’ p sit’ I S we i’ s’ I sltl i t sh  sl i t  I i i , ’ s’ I I Os’ 1 5 0 1 i’ll , iS  5,’ Ii, ’ ,‘It 111 1 1 ,‘s i S Its ’ I’ s ill

s’It Stilts’s 5 sims’s I It 5’ i (5t ’ 1’ 11110111 a I dill 111,1 Is ,‘ r 1111111 d l  115

10. Mo It ’s’ I i i  d l i ’  E l I  t ’~ ’ t  s

No i ’s ’pss ’ I s  we u s ’ I ,‘i u u i s l  , ‘lt l I t , ’ d i s ’t l  t o  s’I  I s ’s’ I s  s i t  ( l l t , l sg s’i t t ’ s ’Il I l l s ’ I’INs\

RNA , and i’ i’ s’ t ”  ill 5’s’ nI Its ’s i s  I I t  s’Xps’l’ ims’tlt c u l  dill 1111 ,11 5 c l i ’ ItslIltllIl s

11 . Rs’j’sI’s ) s l t u ct  iy e  ~nsh el’dl t o~~’nI~’ E t t o c t  s

N5’ t’s’psi rts W ,’l’t’ 1, 111 11,1 tilt t l i i ’ d i s’I I  I t ’ s ’ I I s ’~’ t 5 ,‘ I ( l1i d i s s~t ’1ls ’ sill this ’

rt’~i i’o sIus’ t 1 V t’ 51151 s’unB I’ ’,’ tilt I s ’ I IS SIlt ’ S 01  s’xl’ ss’ I’ I t lt s’u t t  ci I cu l t  i lt IdI I s  •

I S
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S I t S , ’ lt a s bee It l’s’ p s~ t ’ Is’ s! sl 1 .1 38—yell I — si I ~I Ws) Illd lll , i t t  Is’ i’ 71 Ii IlIs lI t t it  c ’

5 r t ’5 1111 l l s ’V * wli si W di is 0 ~ps’ssu,’d d l i ’ 0 [ sI5’lt I I I  1 lv  I c 1 (iIIs ’sS gt’lto I c lj ’ ~i hu s i s u  I’S i l l  t lit ’

5 f b t ~ t ’flsiOl t . I’llll I s’Vs’ U rig l l t ’llls’s ~) I \ ’  S I ii Os’ 0111 ’ rt ’sh w i t  Ii svn t~’ I,)llts Ws)t’St ’li u t t g  I I t t ’

IleX I ltislt’lt i ut g . On lush n t i s  S i  tilt Id I lis~ itos I’ 1111 I , a ch i t ’s t I i in 0115 1 sik s ’~ t cautsl

pu lmon a i’v s’dt ’uitci wzi s S, ’ s ’t t .  Sh t t ’ WS s t’s ’ lea sos! I u’ouu t h e  his )  S( i  it di 1 be I sirs ’ lIt ’s

cou isl  u t  I tilt Ss’I s i t ’ t i ~’~l to  nsit ’itla I. A t  lOt’ 2 Itis lIl t h i s , ‘sl ut ’ gave I i i  St  It  I s ’

ht s’li I t h~ cit i I d .  ‘[‘hi i S I S  t i l t ’ 011 lv 51155 ’ fs’stlltd in  bI t , ’ l i t  s ’l’ s I t ’ ~t i ’ s ’ t l i : u t

L’t’ps l r l c ’sI sill p ilsiSgs ’Ik’ s’X 5s ’s5i,u rs ’ du l ’ i 115 5 t ’s ’ c’~t l 1 l t 1 s ’v (37

12 . Ms’IaBs’[ism

5 v lit t I , ’ i S  knowlI  l’s ’ id dI i’d I 115 I l l , ’ Ills ’ t d ih ’ si i i  siut 0 1 I i 1IOS gt’l ts’ . l b s

i utht.ilat l out t o x i c ’ iI ~ ’ is’~~’r s ’ s b a b I v  Ot t l l d l t t s ’ s’cl by  its ’s low iss ’ I suh i l i t ’ s’ , wit is’hl

a I I  dO 5 i t t c ’s 5551 1,’ I rcu  t , ’ f u u ’ t t t e  r I l it , ’ I h i , ’ [s i n g s .  P luo s  gent ’ is poot ’ l v

,lb 5OI’hs’sI il l Ills ’ l tdtS ,l I ~‘s d i S5d lgs ’5 01’ t It,,’ I ’llB h ’s it sit’ tti s,’sutk s’v (8). ‘Il ls ’ gdIS

~l it tt . ig ~’ ‘5 thIs ’ B I ,‘osl — ,I i t ’ B a r r  i or u’s SOlil s’ WSV , dl IL ciw i ~tg I s’dikdlgs’ c ’ I p I~ lSt l1 . l

I hits ’ ti lt ’ S lv,,’o I I  . I t  W ItS lit ’ I i  ovs’sl t 11111 p l tsis gt ’ I t, ’ s h d l t t l , l , ~s ’ wd l S Ills’ l’s’ 511 I I  o

its d I r s ’o t di d ’ 11 silt wit Ii 55 ’ I t s t I  [V t ’ 555)5 11) 5 I l l  1 I ts ’ C i s  SO s’S s) t ’ t h u s ’ t dl d l c ’ I ‘3

rs ’ 1 t’d lSIl’ . hl s”ws ’v s’r , N a s h  stitd P rcu  It  l~’ ( 151  l l d u v s ’ slt~iwn pitos gt’lts” 15 Its ’t

ah sc’s rbs’d in d l i ’ iii Sc’s l u t i o n , h u t  i i ’s  l l i iSd iI ’ l’s t ’d i t t  s t l k a l i t t s ’ sc ’ l t l t i silts ansi

so l i u  I si l tS  C t int .1111 1 l t5 l lsilt I silt 1 ,~ s’sl 111111 nt ’S.  I t  55 , 15  co ns’ I stsls’sl I r s ’Ill t Ile ci .1111

sin t I t ~’ Sc ’ lob i 111 ’ Sins 1 i’ at s ’ o f  itv~It ’~’s 1~ ’ s i ,s 111111  I ’ s i t O S g t’i t t ’ i l l  ills’ l s ~t~5 l l 5 t ~ I s i l ’ it l

0511 p e lts’ b r a t s’ di Il l it  ret ’ i d l y  s’1 s s ’f  this ’ B I si s~sl ,l 11’ l’s d I l ’ S I t ’I’ SI tsI I I t a  I i t s

01 100 IS .1 rs ’ call sesl l’v n~i b c  u I ar p1ts~5 gt’llO dlll s l Itsi I Sv Ii ’s’ s i r s ’s’ II I cii ’ Is ’ ,Ic ’ i s!

5, 39 ) . This’ upps’I’ rs’ 5 ~~ 1 I’ ll I s’l’ V I rs i s’ t is p r s l I t ’s’ t~ ’sI , lg~l j l i s t  p it s ’s go Its ’ i’v

it v d r o  l y s t i ’ s  ill t ite’ fltUCs)5I 5 l.uvs ’r.

A l’nl mb s’r 01 Ox 5Ot ’  i utt t’I i t  5 cd t l ’ r  i s’s) 01,11 151 Ws ’i ’ Id  W ar  l b  sh ts ’swe si  111, 11

pitsiS ge ’ltt’ ,l If  t’c I s  I I S S  UI ’S B O~’ d I l l  Ss ’ this ’ s’ ~ir t i  silt ’,’ I s~ I’,’sI15 0,11111’ l Ilt ’s W i  I l l  I his ’

trot’ ainins’s ,‘I o,’ II s’Uzylflt’S or otitei’ cI’i t ica l 5 1 1 i ’ S I d I h t d ’ s ’S  ( ‘ 4 0 ) .

‘I’hts’ pr m IsSy e I I  oct  i l l p lti’sSge tl s ’ ap p e a l ’s I s ’s ho ,utl .111 , ‘I ’ d l t  i t ’ll I l l  I 5 t I 1 , ~

cap i l l  a ry  pt ’rnt s’dub i l i t  v so tltsi I t u e  rs’ 1 5  .1 l , ’ss o l  I l tl l sl w i t  I s It i glt i l l  o t , ’ 10

con tent I rom Ih~ c i too l~ t sin , t t t , h  I I l l s ’  this ’ 1)51 lmt’sttsii’v I i s s t u t ’s. ‘I ’ll is  1 1511  tI

is  1 roe o f  c,’ I t s  diltsl l’s’ semi’s I c’S p lasma  in  s’ompos it it ’ll (S ‘~ . l’Iit’

l it ’ corn’s 1 at i , iii o I I Ii is flu is ! ill t h i s ’ I su n g re ’s tu l I S  i t t  l ows’ i’ s’s) p 1,1 SIltS ‘c’ s ’ I SlUt’,’ S *

1’)



1111 1 t I t , ’ I s ’ t’ 5 I I t  I l~ ’ , ‘t I ts ’ i ls ’llt t ’s’ ,’ it s ’ s ’ I l I  I I t  l , ’l i .  l ’h s i s  t s  i c ’ . ls l  t I v  S,’t ’l t 111 l I t , ’

slog clO th o~~ , t t  , h ut  l l I , l \ ’  I t s ’t l’ s ’ St ’ , ’ I I  i r i  I I t , ’ t’cui ’B i t  5111 1 ,‘,.s I h I t ’ 1, 1 1  1 s ’I ’  I S

sill .1 ~l I s ’t ~l u I t ’S 1 1 1 1 1 1 1  l I s ’l ’ lhidl  I 1 , 51 ,1 l s ’W 5 h , i ’ ,’S h l s ’ h s ’ l s ’ s ’X t ’ s ls ’s L l t ’ s ’ I s ’ ( ‘ 1 1 s l 55 1 ’ t l c ’

5 4 1

I ’dll t l t ’t ’ s ’L l . l li s l  s s ’ s i t t  I s ’ , ’ 15 1 1, 5 ’ ,’ , ’ 51501.11 1 l u , u t  , l I d  t h I s ’ ( ‘It  i :d s ’ l l , l l  5’ s ’sis ’Iii ,I

I ll,,’ t s ’ , l~~~s ’ is , t it s ~ l ’ s Idl I’~l I j ’s’ 1 1 s ’l i l  I l l s ’ 1111 1: ’, 15 I lls ’ I’ s’,lS,’ iI . b i t  15 ~lI’ ,l S

:‘ ,‘ssl I , ’ ,1~’p s ’1 1l ‘. I s ’s l’ s ’ t h i , ’ ,‘tl ‘L ’ s ’ ,‘I I s ’ ,l’,’ ,l I Ij l’ ls~ t , ’i ’ I l l s ’ 1 , 5 , ) l i l t  I c 1Il ,‘ I ‘ I d ’ t ’ ’ I I I

t ’ , t t t S L l s h , 1 i s ’ S~ I’ s’lll l i i , ’ . 1 1 1  I ’~ l ’5 ’~~l s~I s ’5  . l ’ l i sus S s ’ L L I  I i s ’ s ’ .ut i~h I ’l l  ~ 1’1’5 ‘-
‘ i 5 I I , ’t, ’ s ’ sl

111.1 1 , 55’kis ’ rs ’ . I I s 5, 1 I i  Li , ’ c’ d l l l  t ’ s ’ I’ lp  i s )  V , l h l S , ’ t i’ s ’ si ~l i I ’ 5’~ ’ I i v  l i l t , ’ I S I s ’ 1 1 1 1 1 ,

‘ . i ’  i 1 1 ,i I i s ’s I 5,511 1 d l , ’ ~l L I  S ~~~1 d ’ s’s • Ss ’ I ’L l t l l  55,1 s’s O I l  lv  I ,‘s,’ Iv  11’ ~soi’ I’ t ’~l .111,1 I s ’

V 1,1 1 ~5s ’ I V IllI’lt .11 s’S . I 1 5 5 5  1,i t 1 s i ’ l’ s ’i’ t ’S S  5 5  5 5 055 d iLi s i 15  i i l i . t i ’  I o I c ’s ‘S’s s ’ t’ 
~
‘

1.’ 1 1 1  t his ’ 
~
‘ 1,15111.1 s151 I I 1 ow I l l  i ’ I l d ’sg t ’Ils ’ (‘ ci i  Sc ’d I I 110 . 1 1r i t~ ; s ’si,’lll ,l

‘1 s ’~~ l s ’ S Ss ’S • , ‘\\  05 11 1 1, 111’S I ,’i’ IS ~I is  I d l l 1 ’ ,’sl • .hlisl ,litc’X 1,1 l’ s’ Sil l 5.

l ’ i s s ’s , s ’IId ’ p I’ s’s i L L s ’ 5 ’ ,’ p ss ’ I , ‘L l I t s I  515 i t  15 I l l  1’ si slv W , I I , ’I ’ by is ’ I I d l , ’, s’lt I s ’s ’ 1 I

s ’X p s ls t ’ sh 011 15 11  L , t i ’ ~’ Vs ss,’ is. l ’ls , ’ IllS ill I s ’\ I~~’ , l , ’ t I s ’lt s’ s I  t i l l s ’s s’ s h I l l b ’ s i L t l l , I  I s

‘ slit  1 1 Is ’s1 I s ’ I Is ’ 11 1110, ,  0 1  It s ’,’ i t  i i ’ s  1 ,11’  i s )  Iv i t v d l ’d ’ is ’ : ,‘,i i l l  t Is ’ I ’ll I III, ’l t . I r v

I 1 5 5 5 5 ’ S  5, ’ 1 , 1 , 5 )  11011, ’ ~‘ , l S S s ’S 1111 , ’ III, ’ ~‘,,‘ tl , ’I ’ dl 1 s’ 5 t , ’ t t I ,l t t , ’I t .  I l l , ’ I I I I ,1 s ’I ’ I s ’ I l l s ’ ,

Ill s ’,’ 15, 11 1 1 SIll s ’s I I lit ’ ,‘ I t ,‘ s’ t s ’Il 1 115 ’ 111115 0 , 1 ’ i 1 1 . i i ’  ~ ,‘ 1 5 1101 K II, ‘1,11 . I I  11111’,’ “‘

t’I t , ’V L I I I , , ’ • ‘ ‘
~~~~

‘‘‘“ 1.1 1 ‘i v  s’s i ll s’s ’ III, ’ 111 1 1  s’, ls ’t ldi’ 1,1 c ’ I t t i , ’ ,‘its l , ’t 115’ I I Still  I I i’s’ s ’ 1’s s~s~t i

51105511 I s ’ ~l 15 j I l t , ’ ,’, 1 , 1 1 5 ’ 111 ,1 ~l i s d l p j ’ t ’ .It ’ l’s ,’ t ~‘u , ’ t u s ’ s’ dS l ’  I i t  c i t  i s ’s i’ s’s’, i n  t ,’ I s ’ , l ’5~

I, ’, I ) ,

1 ‘ . 5 . 1 1  s’ i l i c ’ I ’, , ’ l l s ’S I S

N , ’ i s ’ 
~~~~~~ 

I S 1.5’ I t ’ 1 ,~~t t t ~I s ’ I I  t I l t ’ i’ s ’s” st i ’  I~’ s’ . I I ’ c’ I Iis ’s’ ,s’Il i s ’ ,‘ I I , ’~ ’ I , ‘t  ‘ i l c ’S s s ’l l s ’
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1 1 1 .  SI’ tSs ’ i IRs ~N I s ’ I ’ s~X l ~ ’ 1 I \ ’  ( ‘ s i l s ’ r t ” t , ’I ’ tII t s ’S t ’ s )

I .  l t s ’ l U , l t  ,‘ 1 5 ’0 , i c  E l  I,’5’ts

N , ’ I’ s’i ’ c ’t 1 5 55’ , ‘ I t ’ I Ol l l l~ l s ’ L I  I i i , ’ 5511i 5’I lI’ c,Il I s ’ 01 1 s’O I s  si t  P b s ’ ‘5gs ’i lt ’ , ‘l l

‘ I s ’ h l o n i c i t s ’ I c ’S’, I s ’ SV S I s ’llI i l l  5 ’ \ l’ s s ’i  i ttl t ’Ii I ,i I d i l l  1 1 1 1 , 1 1 5 , 55  i l t I t t I l l I l s ’ S

.1. l’c’n, ’ l ’ h d l t  1 0555

N , ’ I s ’ i’ s ’l 1 5 1 s i s L i l s I  , ‘Il  I l l s ’ S Lu il i’ it I’, ’t i  is’ 5’ 1 t 5’s’ 1 S s ’s 1 1iht os gs ’ l i t ’ s i l l  t l s s ’

‘s ’I ls ’ II , l i ’ l s ’S, t ’ Ii ’ttt s ’ttt 5 i l l  5 ’ X l ’ s ’ l ’ i tl ls ’I l t  l i  d I l l  1111,1 i s  c ’I ’ l S I 1 I i I l t l S

I I I t I I I l t I l c ’ 10, ’, I s ’ I’~ I t O s’t  S

I , ‘ ‘ s ’t I is 5501’ s’ t~ lsl t l sh  ,‘ii t i l t ’ i l U l l I S I l i s ’s I s ’,’, 1 , ’ s’ I i s ’s’ t i-s ~ I S5l i ’ s’ l I i ’ ,i I l  I s ’

5’ X5c’5.U I’t’ ~‘I  t” Xp s’l’ tt it t ’~ ’st i i  diii 1111,11S c II’ i t t l l l t d l t i i ’s  I s ’ ~‘i lc ’ s 5 s ” , s’ lIs ’

5 .  10111 1 , 1  I N et ’v s ’tt s 5’s’St,’lll i i N S ’ s  E l I t ’ s’ I  s’s

N~’ I’s’l’s’ i t s  W s’ l’s’ I s’ssII ls I  s’si i 1110 5 is Is ’ i’ I I s ’ s’ I s  , ‘t  S I Ib s’ii l oll I s ’ i’Xb ’ss’iSSu I’t’

s ’s 1 xps’ I’ I 111 , 1 1  1.1 1 .111 1111.1 1 5’r I l i l t l td l t iS  I 0 h i l l s ’ i-s ,,‘,~ ‘ no .

hs’hizi v i ,‘t ’~t 1 k’ t I t ’s’ 1 ‘5

N 5’ l’s’ (Is it’ I s  WI’ 1’ ,’ I s ’s Ilul 3 sill 111, ’ I’ I ’l l  .1’,’ i ’ l l 1 s’ t I , ’~’ 1 5 ,‘ I S t lb i’ll I’ c ’t l  I s ’

° s’~1’~’i-~~ I’ S ’ ‘‘ I  s ’ \pd ’l ’ Int t ’nt  d l i  I l l  1 1 1 1 , 1 1 5  , ‘I l l t l r n c l t t s  I s ’s 1’ s, ’s’S Co’I ts ’

Si. t, S I 5 i l t lV.l 55 5’ I l l , I I ’ E I t s ’~ ’I S

N~ t ’ s’ i’ s’sl ’ I 5 5 5 5 1’ s’ t c ’Sitlsl s’It l i t , ’ ,,‘ .il ’d I s ’s’s ’ , l i S s’S t l ,l l’  s’ )  I s ’s’ t S  ot

s ~u hs ’it i’out I,,’ s ’x l ’ ,’s l l r e  s’ s t  s ’X 1’ s ’l ’ ll1I s’I t t  .11 .151 1 111.1 i s  s ’I ’ l t t l l l l S l t t S  I~ ’ p bls ’Sgt ’Ils’

I
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7. BiOs’hs’llIIs’lll SlI t s !  h lisbsi c llernlcdl l E l  l o ot s

Is ’ l o t ’an cs’ . ‘I I d ’ s(s’ve I dip llls’ltl ol ts ’ I ’ ’ Flll tcs ’ Is)  pn s i Sg s ’ st ,  was St sud 1s ’ d I j u t

b I t t ’ gu i tt t ’dl 1 i i  g by Cord i 5 ’ r ait sl Cord i5 ’r ( - 4 3  ) . ‘l’lts’ au ’s ima is  exposed I s ’s  10

mg m
3 5 , 1  . ~ p5111) 1 or 10 1111 1111 Is’s I ,‘sr 7 slav is hoc dims ’ ro 1 d l t  ly e  Iv  r s ’S i S  t a t i t

I ox t o  I ~‘v , ’ is , 11.1) 1115 ,~ ( 3 :  pp m) 5’r 10 111 1 l i S l i s ’S  ) ot  p It s ’s 550110.

S im i  l ar  rt ’pea t od e xb’ s ’S s l r d ’s o1’ o c u b s  I s ’  10 15 1115 LII C 1 “— 3 . 5  p5111) U t ’

t o  10— 2 ”  mg, ’ III C 1l (‘pill ) t s r  10 III 1 It O Is ’ ~ s’v o ry d ay 01151 ss’d no t O  Il L’ I’

I u t ig  si , l i I l d l g s ’ dl I I d ’ r sO sij v 5 1 I t a t i  c u t  t s ’ r 2 d5vs ( ‘+s ) . ‘l ’ l l s ”s’ we so sunab lo t o

si l d ’ S , I t d ’ ~I t c ’b S l  01 ( c c ’Ils ’ ”I t t l ’ , l t  L s ’sI t I h f l I O ) o t  9000 llIg5’IIiIt’s/m ( t o t a l  l in K’,

+5)15 1111 ItO 1,’s ) , i’V s I t  111051511 Iii,’ I t ’ I o r s’ .i 1 S S S I lbOll  1 2000 115. III l i / in

I sit ’ ~‘lIs ’ t I l l  1151 I , ’ ,

15 1, ’ l’s’ iS Sc’Ill e’ s ’V id ~’n5’t’ 11111 1 1 ppm o f  phiosgs’ns’ p r o d u c t ’s t o 1i’raltc,,’ 10

,‘t ~ ‘r i r r  i t d u t t t s  (s3 1 . R at s  s ’ x i’ s s’s~~s’d b r  l’s lis ’ssur s t o  lii is C O t i C t ’ l i t I ,’ d l ’ ,  j o lt

S I I I ’V ivod  c t ’ s o f  ~‘:,‘ti, ’ and ii i t l ’ s’0,s’n diox isi s’ that k i l l e d  alnts’sst c i i i  r a t s

lts it 
~
‘s I’S’S’ I OtI S lv 5’X~~s’s Ss ’si I s’s pnos 1’,s’Iis’ ( ) . k i l O  s ’ X d l i ’ t ltlOs’il ’sll i  iSiti 0 t t~’u is

t o  l e tSns’,’ 15 t O t  k t t s ’swt i , hsu t it is bel ieved t i l d i t t O l s ’I’Zl l t c e  Is ) l l I ~ ’,l1 d o se s

0 1 ~‘l1s
)S s’,OIls’ L’s’~ rs’ St ’ l lt S  1115111 i t s ’s I d  t sill 0 1’at h I s) 105 10 c lldtnge S ill t ils ’ 1 slu g S

I Is , ’ l’s ’ is lic ’ in  I 5’srn ta t  ill sill l i t , ,’ sis ’Vi ’ lopillI.’ Ut  011 I s )  I t ~ t’ llUs’ s’ I s ’s p Its ’s s gene

Ill  111511.

S. El  t o o t s  siri Bod y We ig i l t  , Org ans  stnd l i s s u es

Bod y’ Wei ght . Reps ’ s led s’s Xp s’ss U S C  ( 1 — S I  s’XpsiSU i s ’S ) c’~ I Cd l  Is t o  I ’slloS gs’fle

( 1 0 — 1 5  mg/ rn 3 ) r O s s I l l O d  in  w e i gh t  loss (-+ ~~) .

Pstlmona rv Effect s

P u l m o n a r y  f u l t s ’  t ion. ‘l’he s’ f t  oc t  of  s u hch r s ’st t  i c ox p os  use si t  dogs Is ’s

phos gene was SI t i d i e d  iv K , ’ ssi  ng ( -s ’s ) . F01u r I  eon Its ’a I t  liv a d u l t  inottg Si’ I

slog s were ,‘xps i St ’dI I o 2 .  h — s . St’ m~’, , I of  b’ lIs ’ss g s’ne in  a i r  I s’S 30 1111 ItO te s  St

tts’ r a t e  c’ I 1— .~ s’ Xp s lS SI 55 ’S dl ws’t’k I or sup I c ’s 12 Woek S.  1’ i ’a t tspi ~ Imonarv

I

~~~~~~~~~~~~- ~~~~~~~~~~~

‘
- 

- 
-

-
‘ 

-~~~~~~
--

~~~~~~~~~~~~~~~~
‘-

~~~
, “- -

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~‘ ~~‘



p r e s su r s ’ , airway res 1515115 1 ’ , tid a I vu [uinuo . an sI dyn,’tu it ic o IasI:u iic, ’ w e u ’ , ’

measured  p r i o r  to 0 xpo su i’s’ ( Cs) llt  rs) I VS l t i t ’s)  au t d week l y I I l t ’r esu I I  s r  dIll ’ iu t g

exposure . Aut ima Is were sic r i l i  cod a t  int s ’  rva  I s  dsur  ing t ’xposu r s ’  and a t

the  t e r mi  Its t 011 of the  e x p e r i me n t  . ‘l’lto lungs wo re r emoved and s ’xaull j 110, 1

h i s t o l o g i c a l l y .

The d~ ~- 1mic  e l a s t a n c t ’ rose ve ry  q u i c k l y ,  r s ’a c h t i n g  a m a x i m u m  mean

va l ue of  f o u r  t imes the  c o n t r o l in t ( ie 1St week of e x p o s u r e  and rema i utt ’d

s’l s ’v a ts ’d up to  the 3rd week ,  F l u c t u a t i o n s  set  i n  Lliers’afler , which

rs ’SU I ted i u’u r i s e  Slid [n i l  in  I os’s ’ ls be tweon thle 4 l I t — 9  t h i  w e e k .

Moan lower a irway reSistat ’ss’e a Iso rose by tOo ’ 1st week , ~nd Lit  i - s  r i s ’

ct,nI I f i led t l t r o l i gh o tu t  the  exposu re  p e r i o d  t i n t  i i  at t u e  12 th  w&’ s’k I lK ’

val tue s Were 20 times thtat of controls.

Accompany iu tg the change in lower a i r w a y  rs ’S i s t a n c e , b I te  un i i o u ’ m i l v  s ) t

d i s t r i b u t i o n  of insp i red  a i r  was p r o g r e s s i v e ly d i s t u r b e d  as e v i d e n t  l ro t t s

n i t r o g e n  w a s h o u t  c u r v e s .  ‘[he decrs ’dis s ’s I I I o v e r al l  s,’ f t s c i s ’ncy is best

d e m o n s t r a t e d  b y tOte con t  inue d  inc rs’ase iii t h e  mean ut tu inber  of b r e a t h s

n e c e s s a r y  to reduce  the end c’xp i r a t o r y  n i t r o g e n  c o n cen t r a t i o n  b e l o w  I 5~

I
3 . ‘Box and C o l lu m b i n e  ( 4b )  exposed r a t s  to 80 mg/rn  (20  ppm) b r  10

m i n u  tes.  Five days l a t e r , the  p r o — e x p o s e d  an ima is auid 55 ( ‘qua I n u m ber  01
3 -

~c o n t r o ls were exposed to l e t h a l  c o n c e n t r a ti o n s  (2 3 0— 4 4 0  mg/rn  ; 5 5 — 1 1 0

ppm ) of  phosgene , and the resp i r a t i o n  r a t e s  WO Ss’ c ou n t e d  f o r  15— s e c o u l d  -
‘

pe r iods  every  2 mi n su ts.’s d u r i n g  a l O — m i n u t e  expos s t re .  R e s u l t s  sh ows’s! a

marked  inc rease  in resp i r a t o r y  r at e  in the p i’egassed 111111115 I s , b u t  no

si gnifican t differenc e between the CO
2 

outputs of prega sss’d and s’ontrol

rats during the  5—day exposure.

Pa tlto logy. Expos sire of dogs (20 animals) to 24—40 PP111 of plls)sgeuit’ il l

air I or 30 minu tes , 3 t inues a week for up to  12 we e k s  r e s u l t  i ’s) I n  as ’Il t o

bronclt is’s [it is wit It per jb ronc (i is) I ar edema • iteinor rht~’ige • and i n  [I sinun s I or ’s ’

reac tions. Extensive areas uI pu lmoitnry edema Wo rt’ s ls o  obss’rved. I n

anirna ls surviving fo r  4 weeks  and l ongs’r , 1110 j u i f l a n i n a t  d r y  Seas’ I i o n

_ _ _ _ _  _ _ _ _ _ _ _



5 111115 ’ It  I t ’’; .’’ s,, v s t  s ’ , Is ’ ‘~~~ i t  o s’,s ui I I t o u t ’s! o ,\ i ’ s~~
; Ui 0. I’hut ’ u ,‘ t,’ , i  s b  u s ’ s t  i s ’

1’ i s ’ t i clu Is ’ 1 i t  I s 5 ’ I 5’ , l  I V I l u l l  ~I’g t s ’ , ’ , S i u s l  .1 Ss  ‘s ’ u ,u I ,‘,I w f lu I its ’ , .Is I u t s ’i

I ’l s il ls’ht I s ’ l i ’s t~ ’ u  t ’ 5 11  t t ’ u  t o u t  5 1151 ,ll s ’,lS s ’ I  i t s ’ I , ’s’ t , i , ’; 1 , ’; , i t l s h i i i - S ( ’ l s i ’ 5 ’’s’s ’i

ci I is C I I l ’ u i t  I s l I t .  C i  s ’SS I v  I , ‘ , ‘ s ’ s ’ l l  l , ’ , u l l  I~ ’ t ’ili (lll\ ’ ss ’ ssl;l 5’,ui s l I , I t  OS’ I ,( i ’i u t  5 , ’ , ’ ) .

I t t  , i s s , ’I h t , ’ u  s ; 1  tush ’ s ’  ,‘ s) • , Is ’ s , .  s,’s ’ u ’ ,’ s ’”su ’ s ’ss ’ sI ,‘ I t u itut ’ ; ,u s,’ , ’,’k t , ’u I~)

1111 11111 I ’S  l ’ , l s ’ i l  C tIll, ’ t s ~ ,‘ - i  .,)) 11 (1111 ,‘ I (‘h ls I~l s i ’lti ’ . ‘V It o iii 1 5 1 1 , 1 1 5  i,.’ei 5 ’ K u I I . ’d

~J ~l I I o u  ~ 10 , I ’ ’ - .‘ ‘ ‘ , ~ itsl  h I .4 (1  l ’ X I ’ s ’ . O u u s ’ s , itts) I I t t ’ I t  I u u u u g  , ‘\ , l t l l t I o ’ cl

It u ; t~’ I ~ s’ - i I Iv

1 , 1 5 1 1  I c ’ I t ’ l l  t ’ xp s s s; t i l t ’S I s ’SlI I t  s ’ s( I I t  s’lir , lu t i s ’ I ’u s ’uts ’l t I s ’ I t t  I , ;  
• ~‘, i i  I u ,u I

c ’s )iu l (iIs ’Ii ’ oh’ I u C , ’ u , u t  1 , 11 1 oI  h 1 l s il)~’ I i I s ’ I i ’s’; , ~h i l , I t d l t  l o l l  d l  t , ’ l t l l I t l , i I l s ’ 5( ’ i l , i t s ’ I V

I l l  5 1 11 5 11 I , l l , ’S , I ( , C  I 1’I l , ’ sl .1 I v , ’ , ’ I i  1 1 151 L u  , l s ’ l l ls ’ i t t t ’ sl s ’l s ’ s ’u l t I I s ’ I t ’d 5 5 1 5 1 , 1

1 , 1111 , l s l ’, i; ,‘ x(s s l’; t ’~l I ”  ~
‘“  I h I l l ’S I s ’ I ’ h I s l S g t ’ t t t ’ sl , ’Vs ’ l s t ( ’t ’sl I u h  u s ’s; t s s l i  t ,l~l I t  l s ’ll

I s ’ ( I t , ’ ,ll’ s ’S’s’ c ’ l l , l I l s l , ’ s; , s ’\ ui u s t u s u  Is s ’X (l s tSS ’sl t, ’i I s ’ l l s ~s ’l  ~‘i ’r  I , ‘,i 5 5, h I  ‘ , t 5  I on, ’,; t

,;his .wt ’sl s h Ill , ’ ,’ ,; IlIs lIL I s ; t i , ’ , , ’ s I  I V t ’ s ’I  t ’i l l I i h t\ ’ ;s ’IIi:t . ‘Ihu s ’ I 1 1 1 1 5 1 5  01  , ‘ , ‘ l l t  i , ’I

1 1 1 1 1 1 1 , 1 1 5  Wi ’ I’ , ’ lt , ’l ’i l l . l  I 5 ’ ‘ss ’ t ’ ( l  I I 01 St i l t I t ’ I ’ l l  I l lus t I u : u i ’ ,’ i ’d ht ’t ll ,l . i i t s l  s ’ s ’ i I t l t ’ 1 I s l I l

( ‘ I  s .I . , ih  I v  ~
‘ , s , u , ; s ’,l I 1, s ( h i t ’ ;ttt ,’st h I , ’ t  i s ’ S’ ,lS ’ 1 1 ( 1 11 ’ (l t ’ t  l1I s ’Shi I I i t ’ s,’ , i t i ,1 5 ’ s l s ’ l l l , l

l o u  111511 I s i lt.

5,11 5 ,lt lsI 551 I lit ’ ,l p I S WI’ I t ’ I ’ X I”~ ” dl 1 0 h I l l s ’ Sgs ’ I l s ’ .11 .0 -  1” 1115~ lit

5, -
‘ .(t ’ 1) .,’ 5 (ip isl ) ,i l t d l k) 1” 1115 III 1’  . ‘ I , ‘ ‘ h ’s I ll li ) I , ’i It ) 111 1 u t t u  I s ’ ,; , i ; i v  I , ’u

‘ I i  s l av  s 5 , - i ’ ,  ~~. At  ( i i , ’ Ii  1 5111. ’ I s ’s l lt s’ “ I l l  1 , 1  I I s l i t  I . ’ ,‘ “ l11s~ III ‘s 1’ . ,‘“  ( s h ’ t t l ~

- - I ( i s ’ I I I  5 1 1 1 , 1 1 1 1  , ) , ‘v , ’ I s i ( l t ’dI ( ‘ I I  I111s ’i u , l l v  s ’ , l , ’lll I , Ii l s l t i s ’ l l  I I I S  111t h  h i  s ’t i c ’ l l  I s ’ ( ’ l t t ’l l l l l s ’ll 1 , 1 .

I I 11 111 1 Is ’ l ’ t ’ , l S s ’ I l l  1 1 1 1 1 0  5, ’ ’  I l I t  I t,’:us ’ ;  ,;, ‘ s ’ l t .  I t i s ’ i ’ I I t , ’ ,l, ’ s I s ’ s s ’ I ~‘iu  11115 5 1 1 , 1  I s

s l , 1 1 1 1 , l s ’ • ’ s i t s )  it o l  l l t , ’ t  s ’ , u s; , ’ s, i t  h u I l l , ’ l t I t I t l i l l ’l s ’s I s ’ X i ’ s l s ; s t l ’ , ’ ’  , I I I , ’ l I l t  11, 11

s o i l , ’ Iuu ,I i ’sI IIu ~~f tOut ’,,’ S I :; II, ’ 01111 111 1,11 lv, ’ i ’ l l  o ct  s I t  ( l l l s l S c s ’ l t t ’ I t  t O t , ’ ’;, ’

s ’ s ’ t l , s ’ i t t  1 , 1 1  I s ilt S - At (l it ’ low t ’t sI s ’s;, ’ ( i t )  1”  1115 III .‘ . “ I . ,‘ “ (I (’ slli~

I ’ l l  I i u u , ’ t s , u u  v s ’ sh , ’ s s l , t  w , u S  ) ‘ l  ,‘ci,i , ’ s ’sI t I l t  l ’s’ I i i  I l l s ’ s I t S ;  5, ‘1) ~ , \ I ’ s s l  i is ’t u i u  t h u. ’ t I l l I 51 , 1

( ‘ I ’ S . l i i , ’ .1 l v , ’ , , I i  wi ’~~~t ’ ,i  1- ; , ’ , s I I s ’ s ’ t s ’ ,I • I’s u I I t i ~ s’ h t ; I l i s l s ’s 5 , 1 1 5 ’ I l l S ;  I~~~ 1 1 1  I I ,‘ , l I I I

‘I , t v  I o I , ’t i s ’ ;iIt,( t v  I ~lg.’lit ’I I, ’ l~I 1 t ’ s ’ (  I;

N5’ u ‘ ‘) ‘ s ’l t ; S i s ’ I ,‘uuii,( s I t s  ( i i , ’ ,‘ v I ’ ’ l s ’sl I s ’ ,111,I s ’S  t , ‘, ‘, , ‘ it , ’ t  I ’ , ’ I ’ )  ( I ’S’ 1

‘ i i  ti l l I ,‘‘ . I ’ ;  h is1 ‘ I I  s’I u t s l i l i, ’’ , s ’itls ’ :I I l l  s ’” l ’ s ’l  I t t l t ’ t t (  ,u I I l l  1111 , 1 I s  s’I ilIl IlI lIl’ .

L~~~ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~ ,,,
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II) . t’li’ Ies ’ st 1111’ (~:I  t o s ’I  ~

Ns’ t’t’Ii sil ’ t 5 Wi’ Is ’ 1, 1111 15) slit [ l i t ’ s l t h ’ c’ I l l ’ O u i  u~’ e I I , ’s’ I S u t  p It~~s~~ ’i s. ’ s l u t l ) NA

RNA • :iutsl 1’ tot ,‘i it 5’s’ ti t h I , ’ 5 1 5  I l l  I ’ X )ls ’ I’ lIlIt ’l i I 1 I sit m i s  I : ;  s ’i l t luuul :uuts

I I . R l ’lll’ sl s h l l s ’ I I V I ’ d I l l s )  10111 1 t l g e l i l s ’ I’ I I , ’~ ’(

No l ’i ’~~I s l I t S  We Is ’ I s l s u t i c l  s I l l  t h is ’ i; I u b l s ’ h u  1 5 1 11 i s ’ s ’ I I s ’s I s o f  i ’ l u s ’s , s’ s t s ’ s ’lI

l o p  l’s~~l t i s ’ I l o l l lilt ) t I ’ I ’ ll I ’ s igt ’i t i ’s Is I It i ’ X I i t ’ I ’ u III( ’lt I d l  I d i l l  I t t I d I  I s  ‘i i l I l i l I d I l i S

Mu ’ ( ; h l l s i  i i  SlI t

i’s’s’ s ’ 1.’ III , ’ 51 (1, 1 1, ’ S ;

I 1 . t I  1 c ’ I l l s lg s ’ l l t ’s I I ;

N 1~ i ‘‘(‘0115 W O l ’ , ’ I c i l I l i s i  s l I t  I l l , ’ (i OIi S I Ii I~ ’ s’d Il ’s’ I ttsl5s ’It I s ’ p 5 11 s ’it ( ,t I s ’ I

( l I t ~ l 5 5 ’ u ’ I t I ’ I i i  5 ’ ~s~~’~~’l’ 1111 0111  d l )  d I l l  il tl ;l I s ;  s l l ’  huttttudt,I ’ (
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I V .  CI i I ’h ) N I t ’ I’ ) X l t l l L ’ ’s’ ( I s ~utp,  ‘1, 1 111 ( , ‘‘ . t s ~

1. (h t ’ t u : u t o l s ’g sc ’

1st ‘
‘ c t ’ s ’ ’ ; , ’(  I t u l t u d I l t  ~

‘ ‘s~ ’s ’ ’sS~~~~
’ O L s ~ I s IW d u llh s i lllil S 0 1 (lhts lS; 1’,s ’tls ’ 5, , 1 1 1 5 s ’ l l l l l  S 1101

I I I s ’sl~ 5 ( 111 I 1t5 a I . ‘‘ • 
‘ ‘ V i ’ ,l i ( i s ’I  i s ’s1 . ( ( I s ’ 1 , 5 1  Ii 1~ i~’~i s ’ SlIli t( , I u ’’., ’ I ‘ ‘I

l l t ’ I u l s ’ s l l s ’I ’ I S ,  I e I , i  I slI ts I ,I I I  I s ’l’ u ’ u t l 1 ,1 1  5) 1 i t t ’ I ’ I s ls’ t I s’ O L I u l t  S ‘*‘ t ’ t s ’ 115 11111 , ’ I 5 , , ’ ) .

Rs ’u it ’ I’l l I I

No I s ’p s ’l ( 5  wt ’i  ‘‘ I s , l l t i d (  s I l l t h t u ~ c’h l rs ’s ll Is ’ s t  t , ’ c ’ (s ‘‘I  j ’ l l s l S g u ’ I I I ’ s I l t  ( I i i ’ I l s I l l I ’

111 ,11 1 , 1W II I ‘‘ ‘sl’ , ’~ Il1I , ’ i t (  I I  d Ill 1111 ,1 1 11 ‘i h t lullt.1115

I Illuu tliu ts’ i,i ,ts ’ I’ I I t ’ s _ C

N~’ I s ’I’soI’ t 5 Wl ’l  ,‘ I c n u u t s l  out I l i t ’ s ’ I l l ’ O u i  i s ’ s I  1, ’s’Is s I t  i ’ 1 15 1 5 5 t ’ lt t ’ s lI t  I i i , ’

I i t t l l lI lI t , ’ I s’g I s ’ 51’s’ S t t ’I lt l i i  s ’ X ( i s ’I ’ i i l l t ’l t t  I I  dlii 1111 ,1 I s  s ,i  I l t u i l l ; i u t s

I ,  t ’l ’ l I (  I’ ; I l  Nt ’ I ” s ’ s ’ I l :; S V S ( u ’ l l i  t t ’Ni ~ ) I ’ (  t e s t S

I” i ’s’,’ wsirk,’ i  ,; s ’ s ’ s i ’ s ’s : ; s ’th rl ’ I ’ I ’ l t  ‘d I v I , ’ I ~~~ sI , ,s , ’’; 5, ~h5 is5 ’ I t t l I  l ips ’ s.’ I I I 5 ’sI stO

~il t s ~ s s ’ I I s ’ s i’s’ , ’ I ’ S It s ” ‘~I, I ‘111011 ( I t  p e r t  s~sI s ’ x i ’ s ’ t i  s ’tt ct ’sl sI t ,‘.;~ ( I t s ’ 5 1-c • Iulu ’lt 1 ,1

Ot ’ll I l l s ; I t ’l l , I’ It u i us’ sl v i s i l  s ’ u t ,  s ; s ’V t ’ I ’ s ’ I u u ’ ,- l s i , s s ’ i l s ’S , , l  S t ’l I S l ’ s ’ I  s ’ , i u t ’ L I I s ’ I I s ’lt I It

I (it ’ s’h i , ’ , ;(  
• SI t s )  l I t t l ’ ; s ’ I~ ’ Lw 51 ~‘hs i t t ~~ I I  S’ ; l I ’  I s ’t 1 1 1  I t I l ls ’S d I l l ’  1 1 1 ) 1  t I i i ’ s ’\ i ’ s s s s l t s ’

P i l s l t  1, 1 s ’ t t I s ’ i I i i l l  thus’ uts ’ ’ d I i t t , I I  (‘e 1~~.

Itt ’iI,I’ s’ It ’ l l  I l I  I i ’s’ I

5,, I s I s t  s l u t  t ’t a 1. 5 , , ! )  st  t I s I  k ’s) ( h i s ’ pSV s’hI 1 , 1 1  l i t ’ s I  t I  1111  ‘ I  ‘ I -~~s ’ t  ~ s ’ i

I ’ X I l s lS t ’s) 15 1  p l t s lll )’, t ’u l t ’ I ‘ i  I t ~ I t )  1515 1111 Is s . (“sIsI t ’ s’s ( I lIe I l ’ s ’ , ’ 115 11 I u ’ l l t  ‘; W I ’ I t ’

1 1 , 1 1  I, ’ , I l l , h  ci I s )  11, 1 1  :;l ut ’w (11 1 ,111 , ’ ,l i s  I ri ’s S dl  s.s ’ I i s ’ i I s  dl I t t ’ ~ ,I I I l i l t  I l l  I I t s ’ c i

j l l ’ I ’S O l i d I  1 I l u l t s ’ 1 1 011 1 I1 I i s i wt ’vs ’u ’ , s il t , ’ ~i;i t I t ’Il t s l l s lwt ’sI 5 5 1 1 1 , ;  i s I s ’~ sI ’  I~ ’ , ‘ I l t s i I  I s l I t , I  I
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s~. Cat ’ s) 1 swa s o u l  zIr Svs I out

Iluuuans 5, ~i w s) I ’k u ’I ’S  ) u ’ xpos t’d t o  siita l I 5111501111 s s i l  () hs isgt ’uu ’ 5, d ttse no t

spec i f i t ’s)) s iv o l ’ d l ps ’l’ i c it 1 d l  l b ’~ ’ t )  f l t t ) I I I I I I I  shoWs’ s!  t d u s ’ h l V c ’ , I I ’ sI i l l  ( I  1iat  i i ’uit

, I I i d l  1 c~~ s’ I’ s.’at ’d is is ’ slu t p i l l  I, 1 NIl , ‘lt  t ) . Pu Iss ’s L’S I s ’ d I I ) p t ’a i’ ,’sI I c ’  bs ’ l’ls)I ’ iti a 1

i l l d l 11 ~t ))di t i o u t s ( - e l ) .

7. B i us ’ I tem 15 ’ di 1 a itd (l i s t  o5’( l s ’uII I cd l  1 E l  I t ’s’ Is

No S 0) l t )  r t 5 We i’s’ 151t111(I t )It  I Its ’  cli l’sl ll ic 0 I I  t ’s’ Is s i t  p ( is) 5  go us’ sil t t i t s ,

h iochs’u tl j Cdl  1 and ii 1s t  os’l leutt i s’s I res p5) 1155’s 5) 1 1 (55515’S Slit) or g an s  I I I

o xpe r  in tent  d l i  an iun a Is or l u s u r n a u t s .

i~. E f f e c t s  o s l ~~~~~j~ Il~~,,j~~j ’z1ns and T i s s u s ’s

Bod y W o i g l l t

Ns r e p o r t s  wt ’ r s ’ t oi l l tsi t i lt  I l l s ’ d I s i V t ~ l, s,~ s’ t  I t ’s’ I s  o l  c l t r o u t  is ’ ,‘x p s i s i u u ’ s’ Is)

pii s)sgs’ne on bod y we i ghi t s s I t  alt 1 11111 I s  ci l ’  h l i u i l l ; u I t S

Pu l m o n a ry  E f 1 5 ’c l s

Pi ,u l utuona ry Ii unc t i silt. Diii’ i ng  dl ~~ I si t  St  tusl y , slugs  ( liiltll h t’ S uts ’ I

spec i tis’sI ) were exposes) 10 0.097—0 . 1b2 mg/  l i t e r  ( 2 - ~ — ’, ( )  1) 1 1,11 ) c ’I  (il isiSg t ’Itt’

l s l t~ ,~0 uni iou t , ’ s a ch idu l l l b t’l ’ o I t,t00 1 i t s ’ t ’  L’dupa c it y . A f I t ’ I’ tIlt ’ 30—lIl t liii Is ’

s’X1i s)Sut’t~ to  p(idl Sgt ’nt ’, tI lt’ h i  siWt’l’ was tlI t ’n sip s ’i’;utt ’ ti I OF Sf a d d i t i o n a l ~‘t )

1111 ft l  Is’s Is) 1155511 ,5’ csilti p lO ts ’ s’vd ls’ IidlI i sin sit  pliosgent’ I l’0l1l t h u t ’ 5’li aullht ’r itt ’ fo r t ’

lit ’ sls igs were I’t ’mo ved . ‘Vhs ’ (It t eu ’vS I s  lit ’  I Ws ’ &’lt 5 ’ 
~dI1siS 5I 

i’s’s we l’s’ SlId 7

day s , 1)11 I no colts’ , ‘ I ’ I s ’si o I I o u’ t  was nt sdt ’ t o  k ~‘~‘I’ l I t  i s  I i  me t I l t s ’ I’vS 1 o F l i i i ’

di Si 55 ’ pt ’ 1’ 5 ’ X i)  c ’S I I I ’ S ’ C si l ts t dl l i t  . l’)ts’ I siws ’ I’ d l 1 1 ’  Wd l’s’ I’t ’ S I S I d i lis’ 5’ Wa S I lls’ dl S l i t ’  t’sl a t

lt ’sa s I (Wi s’s’ h1’ [ors ’ d I n t )  s i f l u ’r t ’xpos iu u . t ’ . ‘l ’ l iu ’ ii si l ’IlIZI I I c’sW t ’ I’ d l i  I ’Wd l \’

1, 1,5  i s  I d I l t O l ’ in  t h u s ’ 5)05 W ItS tI l l  iua 1 I v  l , ’ss t~t ;ui i  1 .1) c’ I s t /  I i t s ’i’ ,’ St’s’silt s i . As I I t t ’

an irna Is we l’s ’ I’ept’a t osi l v  s ’ xpo ss ’d I, ovs ’ r ‘ .5 lt lt l i t  ( I t S )  b I t t ’  [,1WI’ C ,i i I’WIlV

t’t’ s is  t ; u  floe I t ’ t tded to r i s ; s ’ , alit) I Is , ’ I’ i ,S s’ W i S I’t)tlg ii lv P t ’opsi I ’ t I s i l t d l I 1 5 I t I t s ’

c u r n t u I ru t  i ye si~~su ’ . ‘F lit ’ rd ’s i st  . 1 i t s ’ ,’ I ,t iwi ’vt ’ r , I t ’ 1 1 s l I  I app  rs ’c i rub l v  w i t  It t l~ ’

It I or vs I h~ I woof ~l5u 1 : ;  1 05 5 ’ X( 1 s 1 5  I l l s ’S  5, - ,~~ . I
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C,u I s i st  s i l t  s’t ; t I .  ( ‘.7 ) l’t ’p s i r t s ’s,) s i l l  ‘1 wot ’kt ’u ’s who h at )  l’ s ’1i , ’ d l t  l ’ s)  s ’X l l s l s t i l s ’S

I s )  SIllS I I d lI t I s ’I t l I i t  5 c i t  Ph~~~ gOlls ’ (sfes~’s 1101 
~i’”~

’ I i t ’ d )  s l t u r ’ j I l l  ( t u e  t ’ s ) I l i ’ ,Ss ’ ‘ ‘I

1t — i t )  1115)11 t O t s .  ‘I’It o i’ s ’ was  m ips it ’s’s) Vt ’ 111 i 1 .t I  s i 1  V t t i l t s ’ t ( s i l t  s i l  I l l e  I 1I1i 5 S .1

I Its) i s ,’ s it 5’5h I iV dl d O s ,’ I s ’S Ss ’ ~~lt V i t  ~I I s’ , I  ~is ls ’ it V , s l o w  5,1 I l u  I t tilt I ’ ll I s ’ , iltI p s i i 1 0 5 1

j I l t  l’dlpsu l Il i 5 iItdi i’ ’,’ I I I i X  i It g  s i t  5 1 , 1 5 ;  • h I  ig I l I s ’S I shil l 1 h I ’ SIts )  111 1 c l — c : u p d l d ’ i t ’ s ’  vs.’ lsu Itut ’s;

SIIsI s I  ciW pt u lutts ’sl tai’y t ’Inpt V ( It s 1 , 1 1 , ’ • i h t t ’Ss ’ I I 1151 1 1 1 5 5  W t ’i ’ t ’ c’s in s  i s ? , s l I t  wit I t

pU liiu s’tu,~ I v  t’tIiillIv lIt ’ 1111 1.

P S t I I O 1 s ~,~~ ’ . OI ls ’ W c ’lks ’I’ u ’s’psi u’tt ’sI iv  ssX l i ti Ss s sh Is ’ S l I l d I  I 1 dI li lsi llil t ,s sit

pI t s i s slo l ts ’ 5, s l lt t o l ln t  u ts i t  S i VeIl ) s’IVt ’i’ .1 pt’I’ I o,I s i t  I b — i l , )  I11 t ’ lt (  I t s  WS S I s ’lll td ( ( si

Ita vt ’ Vt i 151 111 1 nOt I S c’ I s’S l’ lsll tg S ar t s )  d I l l  ~‘iiip I t ’ ,’ Ss ’ I I I : I t  s i l l : ;  s.’lit ’s I . K,’— s ’X,iIIII utt ’ch ~; i ’ s

l1 t , i I t t  It :;  ; u I  t I ’s I Itt ’ Ill i t  iS I l ’ X d l i i i i  1111 1 1 s i l t  • t its ’ )id l I i u ’ I i (  51 I I I sIls ’Wt ’sI I hut ’

S’s’ i l i ( l t d il lIS h ’I s ’Ss ’n (s ’sl ~~I t i t t ’ I j i’S t  d l s I l I I i S S  ( s i l t . A Its1IIU ’ l’ W s i I k t ’l slI t d I , ’I ’ s; ~nu I , i u ’

C I  I ’ s’S l t i t i I t l I l t s ’ t ’S SlIciWs ’s) l ’ d l I i ’s l I t  thIs ’ li 5 u s t ’ c ’l s’SS’I t  I s u n g  ~u nsl  I I i t ~ss~ I i  SO Wt ’I ’t ’

( 1I ’ s ’Ss ’I t ( l ’ s  l i t s i l t t i i s l , u b s ’r I, ’.! ) .

Coil 111 10 I I V It u s , Ii Ii u I’t’s’s( V i S  RUt , d i l i t l  dl htl l’It i It g 5 0 1 5 5 , 1 1  1 011 lows ’

lit ’ , ’l I I I ’ps ’l I I ’d I I t  , ‘ , I s ; s ’’; si t lliuitl alts t’xp ciSt ’d siVs’I’ i s i l l g  p e r  i sis)s I, l? , i — ’iI) i S I s l I t t l I s ;

10 1-1 1111 1 1  1 ,Iiikl u Ii tt ‘5 5, d l t l t c ’ I h i t t  s roil 
~ i’~’~

’ i I i s ’sI ) ot  p h u s i s g t ’u t s ’ 5 , - , J

‘ s t  s ’s h I s ’ I s  , l l t s l  t V  ( sl ,lj~’ i t u ’ I I , ’ f , I  I t ’s,’ S

N,’ i t ’(’ s O  ( i S  5 , 1 , ’ I c lI l l i S h  s i lt t i l t ’ s,’ l t l ’ s i t t  I s ’ t ’ I I~~’~’t  s i l  1i l t s i l d g s ’I i t ’ s ill 1 1 1 1 1  51’ ; (5

,i l l s t  , ‘l l  s d  I ’ s ’(iis ’Ss ’I I I , ’S , l 1 s ’Xh ic ’I ’ I l t I , ’l t t  i l  5 1 1 1  111151 I s  oi’ l l l u i l t : u u t s

I t ) . M s ’ h , ’ c I I  I I I  t’ , I t , ’ c ’ t s ;

I ‘ ‘ u ’ s ’i I S W ’I ’s’ I 051 1151 s i l t  h i s ’ s’ i i l ’ c ilt  ~ s’ s ’ t I s ’s,’ IS , ‘I p h i t i s5 s ’l l s ’ s i l t  l i t , ’ DN A ,

Sl u sh ~~ I ‘ I s ’ I It 5’,’ I I I  I s ’S  i S  I i i  5’ X ) i t ’I ’ i l IIt ’ i l I  . 1 1 SIt i l t I d I  I s ;  ot’ I t s u l i d l i t S

I i  . R t ’j,~,~ s i s ( s u i L i v o  slu sh  Et ’r su t ‘nit ’ El I s ’ s ’ t  s

Nsi I’s’pulu’ Is W t ’ I ’ s ’ ( s h I l l s )  t i l t  t hus ’ s’h t l ’ shl t I s ’ “ I t s ’s’ Is , ‘t  p i I s i s i 5 t ’ l t u ’ t i lt  [ I t s ’

ru’~i rsidtis’ I I Vt ’ Sfl t I s’ II t )i l v s ’ t t  I s ’ I I 5 5 5 1 5 ’S  s ’s I s ’ X i ’ , ’ I ’  i i I l s ’ I t I  1 1 :uit t I l l S  I s  oi ’ I l t u n I s I l t s ;
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M~ t a b o ij s m

SOt ’ .,tCl,l t o  st u~l i O s ,

13. Carcinogent’sis

N~ rs’ports Wers’ f o ut t d  Out h i t ’ carc iflogs’n ic psit ,’ut l is  1 o l  cl ir on  ic

ph osgoute  t reatnts’nt in s’xper iltus’nta 1 sit insa I s  sir IliultiSIts.
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P(ts ’.sg s’IiI ’ I, c’ dl t ’bci l i ’,’ 1 ‘lu I s ’I I II , ’ , s’ S h t h i s ’ l l  sl ’s V s ,’I t  1 , 1 1 1  sb s ’i s.’ I I  I s ’I  ‘I  511111’ ,’ 1

s’iu Is,u’ i sl,’) is ,l co l s i u ) s ’ss g , i s ;  . i I  ,~u ’~l 111,11’ ’ , ’  ( s ’ i t t p s ’I  I t  I I I  s ’ S .  I i i  s’ ,’IlEiu ’I ’ s’ ’ ’ I t  1 5

li t 1 11 i f~ c ’s1 t l I l d l t ’I ’ ~~~~~~~~~~ 5l I t sI  s i1 L’ s’ I i  I s ’, ’ ’ i  I t  I s l I t  ,h I t s I  l ’ s s’ I I ’;’; i t  1 , 5 1  l ’s ’,’ I I I , ’

1,1 .5. Ds ’1i 511’ I llIt ’It t 5 i I  t ’ i ’ d I I i s . p s i I ’ I , i (  s il t  , I s ;  .1  t ’ h r o~,, ,\ (I s ’l :’s ’lI. I t s  s’silIflIIs ’ i s  1 ,1 1
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h i l t ’ p u ’ s ip o t’ I i S ’S d l l td l  s’ l i s i  l’ , l s ’ It ’I’I ,SI I C S  s~~I ibI si s s I l l ’ . 1 1  5 ’ 5 511111111 I’ I ,lt ’sl I It

1,111 lo  I

l’l tsi,d ,l~ ’ I l s ’ 5 , t O S I ) 01111 I ’ d ’ pr ~’ ) i 5 l I ’ s ’ 5l h’s’ 1 s ’ , I c ’ t 1 lt~~ d l  1 c i i’  i lls ’ 1 1 1 5 1  t ’t 1 , CO

d l l t s . l  I t t  I I s ’I l \ ’  I c’It  I 5 it ’  i , h ~ , 5it ’ 11(11 d llisl s I l , ’iu I i i .  II , ’ :; i s)s ’s; be i ng ~~, i I h u b I , ’ I i i

w~u t,’u’ , i t is so I sib 1, ’ i n  h s ’itz t’Its ’ , to  Ills ’ Its ’, g i d t s ’ i a I ,u s’ t ’I i s ’ sIC Is) a1id 1115151

I d ( l l  i t  i s ’s) ) s v s , I i ’ ,i s’ , I I ’b s i ltS ( 5 0 ) .  OIls’ 1 1 15/ i  LI 01’ cit ills i s;gs’lts’ ,lppu ’siX i Ii1zu I s ’S  ~~‘l 7

) lp Il t , 111 ,1  1 p ) l t I I  s lo p  rox t I l I d I l  s ’ S 4 , 0 ’, 1115 , 111 ’ s i t  ,~ 
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0
5 , s i l t )  11111 h g i i

‘this ’ I t a r m t  L I I  s’ ( I  s ’c Is; s i t  p lts is gs ’ne dI r t ’ pr  j u l d I r  i Iv  si ll s ’ ( c i i l l’ i t  r i b  silt .

01 iS  Is ’ I l O ll I S  I t s ) 1  i IllIt t s’d I at ’ ’ lv  d 1P I ) i I I ’ c’l t (  W l I s ’Ii s’Xp sl s S l l ’ c ’ (S  lIl t I ~I , 11151 5

ps’ rssili 111.1’,’ 1 r s ’r u  I lo’ I h I s ’ 5d15 ; sl s’O I’ lv  I I l I s i thIs ’ 1 5Il t ;~ S bis ’ t c ’rs ’ he is awdSVs’ s,i t

Ills’ lu s u ,~ I t ’ s . ‘l’lt is  i’ d ’ S t I l Is i l l  i u ’i’ 1 1 5 1 1 Ol t 0 t I i~’ ii t’outs’It is 1 t tub s ’S dl l t s I  I I t s ’

1 1 1 1 1 ’ , ’, . Wlts’It I Iso e xpc issl l’s’ i S  hls ’I IVV , t b ’  t ’ I I  t ’c t s Iis’s’siills’ 1 i l l Is i S t  t IIlIIIs ’sl UI I s ’ iv

lp p a r s ’ltt lit i I b s’c d I t I s s ’ pIt~ i~~5s’si s’ pi ’os h s s c ’ l ’s sps lSi ltS i l l  tIlt ’ d i i i ’ ‘ 5 1 5 5 55 5 ’S • slt’s’p

p s’l tt ’ I l’d I I I s i lt  I It I Itt ’ 1511155 is S t  i 11 (i s’sS5 i h i t ’ . l li s~ 5,S11 s i l  so h as .1 I s i s . a  I

I t’l’ 1 1 1 1 1 1 1  Js’ I i silt Sil t  t h i s ’ s ’\ ’ s’S , 1- lO Ss ’ Si ts 1 t i t i ’ s ) d l t  ‘s i ’~

A s’ s)Its’t’lt I r r l  I I silt c~ l 2t) hiI)111 d S l i i S s ’S C tisigli i lls , I t ’ S) )  I I’slI si1’~’ I r d l s ’ I

in’ it;iI ion , dllt s) Ss’Vs ’t ’s’ l ung  i u l l ll’v i n  ~iu s t  1 — 2  ilt i llrt Is ’~~ si t  I’xI’c’ssul ’ s’ , wh i s ’Il

IlIll S ’ b,’ f s ~ t s u l w I  (li i I t  ~ ‘l 110111’S 5)1’ 1 s’SS . Al 1 s’W s’OIid s’t t t  l’d l t  1 ‘ ‘I tS , cls ’v,’ I Oi illlt ’I t (

si I pt u I Ittsi 1151 1’ ’,’ i’d t ’ Ili dI 11111’ s’ t i s~ s i t ’ 1 .IV Osl d IS I sills , I:; I t i  ho t u i’s ‘ i ,
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I d O l  Is~ 1

Pnops’rt is’s and C( t d l r s c  t s r  i St idS s lI  P h t o s g s ’u i s ’ ( 4 9 )

A pps ’a r aIt s’~’ Co i~ir less  gas ( a t  a t m o s p h e r i c  t empt ’r a t s u r e

ails! p L ’e S 5 U t ’e)  and cs)lOr I s , ’SS to  l i ght  y s ’ Ilsiw

1 1 q1 1 is! ( under  presstlrs’ / and or so f r i  g1”Ssl  t ion )

B o i l  t ug P o in t  8. 2 °C (4 I i .7  F’)

Cs ’r ro s  iv i t s ’  Not  Cs)i’t’OsiV s’ sInless exposed to moist ure.

R e a c t s  readil y wi th Water to forln lICE and

SO ,, . ‘I’ll,’ hi Ci is corros ivt ’ to nteta I

c o n t a  i ltt ’ r s

C r i t i c a l  Pressure 82 1  l b s / s q  i nch

C r il  i d a  1 ‘l’emp s’rat uI’ s’ 182 °C ( 3b0 °F )

- Dolts  i ty  (gas) 4.39 g/ lit e r at  20 °C

Fla ninab ii i IV Non t’ lauu i iztb

He a t  o h  Dt ’cs’.mpos i I  ion 1)44  BIu/ lb

Ibs ’,It of  Fvapora t ion 5832 cal/mo I ,i t  7

t lv gr o s cop i c i t y  Rs ’ac t s  w i t h  m o i s t u r e

Ms’I tiui g ( t’ r s’s’ Cin g ) point — 1 2 7 .8 °C

Mols’cul d It ’ Ws’I ght 98.9

Odo r S w eet ,  in l s w  d o n c e l t t r d l t  iofls

S)tat ’p, pUfl gt’Itt , in hti gh s’ sinc t’ I t t i ’ d l t is)flS

Specif ic Gravity ( l i q u i d ) I .  392  a t  19 °C

S pec it is’ hea t Gas at  20 °C— 0. 14 62 Btu/ lb ps’r

Li qsi is! zi t  20 °C — 0 . 2 4 2  B t s u /  lb  per °F.

Vap or Dens itv (air 1 3 .4

Vsi ps i r  Prs ’ Ss s u rs ’ 11801 11111 a t  20 °C

V iscsis i t ’s ’  Gas — 0.0 11 cps .11 20 °C
0Ltq su td — 0.~,7 C h) 5 S I t  0 C

I
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Rt ’ I s ’ I ’ s ’ I l c ’ t ’iI

1. N l 5 ’1 I1 .  1 ‘ I I ~~. 5 1 ’  I t  s’l ’  1 5 101 ’ Rs’s’s’ItIfltis’Ilsls’sl S t  alish d l t ’ sh Os ’ s’ t l p l l t i s) I i d l  1
I’ \~~‘s ’5 ’ ~~t C t o  l’Ils isg s’Its ’ • 19( l’W .

‘1-s I ’  I . I) , K . . s ’ I ‘i I . I s ) - 5 5  SI tush I s ’S sil t 5 ’ Xp l ’ r m I s ’ n 151 1 p )ios 50 Its ’
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Phosgene Toxicity — Matrix

System Acute Treatment Subchronic Treatment Chronic Treatment
or (inc luding in (short—teim ’ tests; (long—term tests; up to

Effec t vitro tests) up to 90 days) 2 years or lifetime)

9 
—— -1

1. Hematologic o Erythrocytes — o Erythrocytes . None o Erythrocytes. No
Effec ts Decreased Counts Reported .* adverse effects

(7 , 8); No (human) (47) .
change (9).

o L e u c o cyt e s  — No o Leucocytes.  None o Leucocytes.  No
change (9). Reported. adverse effects

(human) (47).
o ~~~~~~~~~~~ 

— o Hemoglobin. None o Hemoglobin. No
Decrease (first Reported. adverse effects
4 hours after (humans) (47).
exposure)
followed by
increase (125%)
by end of
experiment
(7 , 8, 10).
No change (9).

o In humans a rise
(100%) was
observed 6—36
hours following
accidental
exposure (11).

o Other effects.
No change in
sedimentation
rate , viscosity
and conductivity
of blood (9).

2. Bone Marrow o Congestion (2). a None Reported . o None Reported.
Changes o Hyperemia

(humans) (12).

3. Immunologic o None Reported . o None Reported . a None Reported.
E f f e c ts

* — No re fe rences  found

/ 1



Phosgene Toxicity — Matrix

‘chronic Treatment Chronic Treatment Predictive Tests
ort—term tests; (long—term tests; up to Endpoints Recommended
to 90 days ) 2 years or lifetime)

Erythrocytes. None a Erythrocytes. No None None
Reported.* adverse effects -‘

(human) (47 ) .

Leucocytes. None o Leucocytes. No
Reported. adverse effects

(human) (47).

~~~~~~~~~~~~~~ None o Hemoglobin. No
Repor ted. adverse effects

(humans ) ( 4 7 ) .

e Reported . o None Reported . None None

e Reported . o None Reported. None None

I .

1 
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Phosgene Toxicity — Matrix (Cont ’d)

System Acute Treatment Subchronic Treatment Chronic Treatment
or (including in (short—term tests; (long—term tests; up to

Effect vitro tests) up to 90 days) 2 years or lifetime)

‘1 ‘ 4. Central Nervous o Decreased o None Reported. o Dizziness , menta l
Systems (CNS) sympathetic confusion , severe
Effects nervous system headaches , twitching

activity (human) (47).
“1

’ ( 13 , 14).
o Hyperemia and

edema in brain
- 

‘ tissue (2, 12).
o Subarachnoid

hemorrhage ,
cellular
degeneration in
grey mat ter
(human) (12).

o “Ring
hemorrhages” in
the brain (15—
17).

5. Behavioral a Nervousness , o Emot ional stress (47
E f f e c t s  hypochondriasis

(human) (11 , 18).

6. Cardiovascular o Lowered pulse a None Reported .  o None Reported.
Effec ts rate up to 4— 5

hou r s post
gassing (19 , 21) .

o Tach yca rdia  a f t e r  o None Reported . o Tach yca r d ia  (human)
gassing followed (4 7 ) .
by b r ad ycar d ia
(7 , 11 , 19 , 21 ) .

o Increased blood a None Reported .  o None Repor ted .
pressure ( 10%
at 5 hr post—
gassing)
re turning to

1’ normal (8th
hour ) and then

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Phosgene Toxicity — Matrix (Cont ’d)

onic Treatment Chronic Treatment Predictive Tests
—term tests; (long—term tests; up to Endpoints Recommended
90 days) 2 years or lifetime)

e Reported . o Dizziness , mental None None
confusion , severe
headaches , twitching
(human) (47).

a Emotional stress (47). None None

e Reported. o None Reported. None None

e Reported . a Tachycardia (human)
(47).

~ Reported. o None Reported.

2
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Phosgene Toxici ty — Matrix (Cont ’d)

System Acute Treatment Subchronic Treatment Chronic Treatment
or (including in (short—term tests; (long—term tests; up to

Effect vitro tests) up to 90 days) 2 years or lifetime )

6. Cardiovascular o Enlarged right o None Reported. o None Reported.

Effec ts and 1 eft
(Cont ’d) ventricles (7).

o Increased o None Reported. o None Reported .
pulmonary
circulation (21).

o Spasms in o None Reported. o None Repor ted.
systemic vessels
(21).

o In vitro studies o None Reported. a None Reported.
using perfused
heart  prepara t ion
were inconclusive
(22).

o Cardiac o None Reported. o None Reported.

dilatation
(humans) ( 15 , 20 ) .

o Subendocardial o None Reported. o None Reported .
and subperi—
cardial
hemorrhage
(humans) (15).

7. Biochemical and o Blood o Blood . None o Blood. None Reporte
Histochemical Elevated Reported.
Effects chloride , total

lipids , neutral
fats , total fatty
acids , total
cholesterol ,
phospholipid
(2 3 ) .

Depressed
albumin and
globulin
fractions of
blood plasma (8).

/
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Phosgene Toxicity — Matrix (Cont ’d)

Ironic Treatment Chronic Treatment Predictive Tests
rt—term tests; (long—term tests; up to Endpoints Recommended

~ 90 days) 2 years or lifetime)

~ne Reported. o None Reported.

ne Reported. o None Reported .

ne Reported . o None Reported.

ne Reported. o None Reported.

cte Reported . o None Reported.

ie Reported. o None Reported.

od. None o Blood . None Reported.
orted.

1. Depressed 1. A/C Ratios
A/C

3
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Phosgene Toxicity — Matrix (Cont ’d)

System Acute Treatment Subchronic Treatment Chronic Treatment
or (including in (short—term tests; (long—term tests; up to

Effect vitro tests) up to 90 days) 2 years or lifetime )

7. Biochemical and No change.
Histochemical Urea, total
E f f e c ts n i ts  ~gen ,
(Cont ‘d) nonprote in

ni t rogen ,
chloride , and
protein levels
(9).

Presence of
hematin in serum o Development of o None Reported.
(24). Tolerance to phosgene

in animals (5, 43,
44).
No information on
same in humans.

8. Body Weight , o Body Weight. o Body Weight. o Body Weight. None
Organs and None Reported. Decreased (44). Reported.
Tissues

o Pulmonary Effects o Pulmonary Effects o Pulmonary Effects
Function. Function. Increased Function. Increased
Increased bronchial resistance bronchial resistance
resistance to gas to gas diffusion to gas diffusion
diffusion across across lung membrane across lung membrane
lung membrane (45), respiratory (48).
(25), respiratory rate (46).
rate (7), blood
volume in lung
(9).

Decreased CO Decreased vital
uptake (25); capacity (human)
oxygen level in (47).
arterial blood
(26, 27); tidal
air (9); vital
capacity
(humans) (28).

/ 4 

J.~~~ “ ~~~~
‘ ‘ -‘ “ - ‘



29

~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘

~~~

s : ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~ ~~~~~ 1

Phosgene T o x i c i t y  — Matrix (Cont’d)

Dnic Treatment Chronic Treatment Predictive Tests

—term tests; (long—term tests; up to Endpoints Recommended

90 days) 2 years or lifetime )

elopment of o None Reported.
,erance to phosgene
animals (5, 43,

information on
Ia in humans .

~~~eight. o Body Weight. None

~creased (44). 
Reported.

Inonary Effects o Pulmonary Effects 1. Resistance 1. Gas diffusion

Iction. Increased Function.  Increased to gas test

rnchial resistance bronchial resistance diffusion 2. Pulmonary edema

gas diffusion to gas diffusion test (labelled

ross lung membrane across lung membrane albumin)

5) , respiratory (48).
IC (46).  

5

Decreased vital
capacity (human)
(47).

I

4
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Phosgene Toxicity — M a t r i x  (Cont ’d)

System Acute Treatment Subchronic Treatment Chronic Treatment
or (including in (short—term tests; (long—term tests; up to

Effect vitro tests) up to 90 days) 2 years or lifetime )

8. Body Weight, Pathology . Pathology same as Pathology voluminous
Organs and Bronchiolar acute (29, 45). clear lungs ,
Tissues lesions (2, 4, emphysematous chest
(Cont ’d) 7, 26, 29, 30); (human) (47).

alveolar edema
(4, 9, 30);
emphysema and
hemorrhage (2,
23, 30); focal
fibrosis (2).

In humans,
pleural
effusions ,
interstitial
emphysema , de—
squamation of
bronchi ,
fibrotic adhesion
in lung (11 , 12 ,
15 , 20, 31 , 32).

Vascular Vascular permeability
permeabi l i ty  and and edema (44 ) .
edema (8, 23,
33).

o Nose (odor o Nose (odor o Nose (odor
perception) perception) perception ). None
(human) (34, 35). None Reported. Reported.

o Liver congested a Liver. None o Liver. None Reported.
(2). Reported .

o Kidney congested o Kidney . None o Kidney. None
(2). Reported. Reported.

o Spleen congested o Spleen. None a Spleen. None
(2). Reported . Reported.

o Intestines a Intestine . None a Intestine . None
congested (2). Reported . Reported.

o Adrenal , a Adrenal. None
occasional Reported.
medul lary
hemorrhage (2).

/ 
5
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Phosgene Toxicity — Matrix (Cont ’d)

bronic Treatment Chronic Treatment Predictive Tests
rt—term tests; (long—term tests; up to Endpoints Recommended
o 90 days) 2 years or lifetime)

athology same as Pathology voluminous
‘ute (29, 45). clear lungs ,

emphysematous chest
(human) (47).

ascular permeability
nd edema (44).

~se (odor a Nose (odor
Irception) perception). None
ne Reported. Reported.
iver. None o Liver. None Reported .
!ported .
Idney. None a Kidney.  None
!ported. Reported.

~1een. None o Spleen. None
sported . Reported.

~testine . None a Intestine. None
iported . Reported.

o Adrenal. None
Reported .

I

5 

_
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Phosgene Toxicity — Matrix (Cont ’d)

System Acute Treatment Subchronic Treatment Chronic Treatment Pr~
or (including in (short—term tests; (long—term tests; up to En~

Effect vitro tests) up to 90 days) 2 years or lifetime )

8. Body Weigh t , a In humans, no a In humans. None
Organs and adverse effects Reported on liver ,
Tissues were observed on kidney , spleen ,
(Cont ’d) liver , kidney , stomach , intestine ,

spleen, thyroid thymus.
intestines and
stomach in one
study (19), but
in another study,
hyperemia was
observed in
kidney , spleen ,
thyroid and
thymus. In a
third study,
heart and liver
abnormalities
were reported
(36).

o ~~~ conjunctivitis ,
blurred vision ,
burning sensa tion
(human) ( 4 7 ) .

9. Cytologic and o None Reported. o None Reported. o None Reported.
Cytogenetic
Effects

10. Molecular o None Reported. a None Reported. o None Reported.
Effects

11. l~eproductive o Humans. No a None Reported. o None Reported.
and adverse effects
Teratogenic on fetus (37).
Effects

/ 6



Phosgene Toxicity — Ma t r ix  (Cont ’d)

hronic Treatment Chronic Treatment Predictive Tests
rt—term tests; (lang—term tests; up to Endpoints Recommended
a 90 days) 2 years or lifetime)

o In humans. None
Reported on liver,
kidney, spleen,
stomach, intestine,
thyroid thymus.

o ~ conjunctivitis ,
blurred vision ,
burning sensation
(human) (47).

hone Reported. a None Reported. None None

tone Reported . o None Reported. None None

bne Reported. o None Reported. None 

None6
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Phosgene Toxicity — Matrix (Cont ’d)

System Acute Treatment Subchronic Treatment Chronic Treatment
or (including in (short—term tests; (long—term tests; up to

Effect vitro tests) up to 90 days) 2 years or lifetime )

12. Metabolism a The inhalation o See acute studies. a See acute studies.
toxicity of
phosgene is
probably enhanced
by low solubility
which allows it
to pene t ra te
further into the
lungs. It is
poorly absorbed
in the nasal pas-
sages in animals
(8). The data
on the solubility
and rate of
hydrolysis
indicate that
phosgene in
molecular form
can penetrate all
three layers of
the blood—air
barrier and that
its effects are
caused by
molecular
phosgene and not
by HC1 (38, 39).
The upper
respiratory tract
is protected
against phosgene
by hydrol ysis  in
the mucous
membrane (39).

/ 7
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hosgene Toxicity — Matrix (Cant ’d)
5-

ic Treatment Chronic Treatment Predictive Tests

em tests; (long—term tests; up to Endpoints Recommended

days) 2 years or lifetime )

cute studies. o See acute studies. None None

I
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Phosgene Toxicity — Matrix (Cont ’d)

System Acute Treatment Subchronic Treatment Chronic Treatment
or (inc luding in (short— term tests; (long—term tests; up to -

E f f e c t  v i t r o  t e s t s)  up to 90 days)  2 yea r s  or l i f e t i m e )

12. Metabo l i sm Experiments
(Cont ’d) indica te

phosgene affec ts
tissues because
the carbonyl
group combines
with the free
amine s of ce l l
enzymes or other
critical
subs tances  (4 0 ) .
Phosgene ’s
primary effec t
appears to be an
altera tion in
lung cap illary
permeabi l i ty ,
r e su l t i ng  in
loss of fluid
with high
protein content
(plasma—like
fluid ) from the
circula tion and
into the
pulmonary tissues
(8, 41).
The rate of
resorption of the
plasma—like fluid
from surrounding
t i ssue  is slow
and is unable to
keep pacewith the
plasma outflow .
Thus edema
progresses , 02
transfer is
disturbed , and
anoxia is caused
(42).

8
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Phosgene T o x i c i t y  — M a t r i x  (Cont ’d)

I ronic  Treatment  C h r o n i c  T rea tment  P r e d i c t  iv ~ h ’ .’ - r
~t— te rm t e s t s ;  ( l O f l g — t ’rm t e s t s;  up to End p o i n t s
90 days) 2 years or lifeti me )

1
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Phosgene Toxicity — Matrix (Cont ’d)

Sy st e m  Acti t~’ Tr , ’it m,~ii~ Su h c h r on i c  T reatmen t  Chronic Treatment
or (inc l uding in (short—term tests; (long—term tests; up to

Effect v i t r o  t e st s )  up to  90 d a y s)  2 years or lifetime)

12. Metabolism Phosgene produces
(Cont ’d) pro f ound sh i f t s

in bod y wa ter
by a c t i n g  on
local exposed
cap illaries.
Its action is
confined to the
lung since it
is rap idl y
hydrol yzed in
the pu lmonary
tissues so that
none passes into
the genera l
c i r c u l a t i o n. The
under l ying
mechanism of its
action on lung
cap illaries is
not known. It
may be enzymic ,
since the mito—
chondria of the
endotheli um
disintegrate and
disappear before
the capillaries
begin to leak
(33, 42).

13. Carcinogenesis a None Reported. o None Reported. o None Reported .

_ _ _ _ _ _ _ _

_ _ _ _ __ _ _ _ _ _  _ _ _ _ _ _  _ _
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Phosgene Toxicity — Matrix (Cont ’d)

th ronic Treatment Chronic Treatment Predictive Tests
Irt—term tests; (long—term tests; up to Endpoints Recommended
:o 90 days) 2 years or lifetime)

tone Reported. o None Reported. None 

None9
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