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Thic report of nm^o-findin^ studios of tko tonicity of a rained 

asico fuel known as was requested by the liaval Air Rocket Tost 

Station. Iho information is boincj issued as a Technical ^raorandum, 

well in advance of the formal report, with liraited distribution to 

those crest directly concerned. 

At plater date this information will bo published in permanent 

form as a.CHL technical report and will Le ¿Ivon wide distribution; 
y ' 

on issuance of the CV.LR this technical memorandum should be considered 
i. 

obsolet^,. Comments on the present publication arc invited; all remarks 

received prior to 15 iJecoubor will be considered for incorporation into 
• i , 

à 

the ClOi'i,, 

Previous releases of summaries of tko information contained heroin 

requested that the formulation of the fuel bo considered a proprietary 

secret of the developing company. Tins restriction no lonjcr exists. 
• . * 
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i> imo3uc?io:i 

A nixed aioino fuel, rAP-i, has recently been proposed os a candidate 

liquid rochet propellant. It is conpoocd of three compounds in the 

following proportions by weight: 1,1-dinothyl hydrazine (U3.In) 50.GT®, 

die thy lene triauine (DGTA) 40.57», ami acotonitrilo 9.0¾. han^o-íindin^ 

inhalation and cutaneous toxicity studios of MAT'-l v/orc irdLtiated to 

doteraino and couparo the toxicity oi the fuel with those of tno separate 

conponont«'.^ Data from these experiments nijht indicate whether present 

safety nreçáutions based on the toxicity of the individual components 

ore adcoup.to for tho safe handling of I,!A?-1. > 

\ 
Previe'us studios have shown ULC.fi to he a central sorvous systea 

stimulant • irrospcc sivo of hov/ ad:rd. ni stored (1,2). A study of the acute 

vapor tgxicity of this compound has boon reported by Jacobson ot al (3). 

They described tho material as a respiratory irritant and convulsant. 

The LCoC.for single 4-hour exposure of i*ats to Uiffl vapor was G.C20 tx'/l 

(252 PPV>?« 
* V* 

DdTA has 'in irritant and 
7~\\ 

a sonsitizins effect upon contact with tho 

shin (4), Inhalation of this compound appears to produce a considerable 

dcjroo of•sensitization which may bo rnuiifcstcd by asthmatic attacha (5). 

Rats breathin'! saturated vapor generated at room toaperaturo wore not 

killed by an S-hour exposure (C). Tho ran^o-findins LD55 for tho penetration 

of fuinoa pit; shin by this compound has been reported to bo 0.17 :al/l;j (5). 

* For UCí.Vi - 1 ppn - 0.0024 rnz'/l 

/1 
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Acotoni trilo (:not:iyl cvrmíc’-o) in hi "My to:;ic and proCucoa covorc 

% 
oyotoi.dc disturbances fron acuto eroposuro. ringle 4-hour o.^onuro of 

rats to 8000 pnn of acotoni trilo vapor Uillod one of si:: aniiaalc (C). 

Tho ranfjc-finciin:; LD50 for rabbits by c..o percutaneous route lias been 

roportod as 5.0 nl/k.'J (7). 

II. y.'T '.HÏMJ3JTAL 

The liquid MAP-1 used in thcoo experiments v/as obtained from tho 

N*val Rochot Toot Station, Laico jcunarh, X. J. It v/as brovm in color, 

had a piúí,;ont odor, and a vapor pressure of 105 inn »¡¡j at 2« C. VuZl 
• t 

was obtained fron tho üootvaco Chondcal Coupany. TIio liquid is color- 
* 9* 

loss, soluble in water, alcohol, and other. It lias a vapor pressure 
• v. •» 

of 155.ßm Hß at 25°C, a boiling point of G2.0°0 at atmospheric pressuro 

and a itolecular woißht of C0.1. 
I 

'LiTA was purchased fron-tho Carbide and Carbon C**ouicals Co,, Lew 

Voric, and is a straw colored liquid, soluble in water and alcohol. It 

has a'Vapor pressure of 0.22 ma Hß at 2.>°C, a boiling point of 207.1°C 

at atr.osphoric prossuro; its density is 0.05GG and molecular weight 

103.17.- 

Acotoni trile (L’astnan Organic Ciioaicals, Rochester, N. V.) is a 

colorless liquid, soluble in wator, alcohol, and ctnor. It has a melting 

point of -41°C and a boiling point of 32°C at atmospheric pressure. The 

vapor pressure is 100 ma Ilg at 27®C, dousity Õ.7G23 and i.’.olccular weight 

is 41.05. 

2 
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' Acute inlialation rar-c-findin" toxlcition v.-cro dotoruinod by oinjlo 

exposures oí rate to air satiftratcd v/ith either .W-l, UD'II, D-TA, or 

acetonitrile and to air containing lower vapor concentrations oü MP-l 

and UãZl. Tao cutaneous tonicity oí ."AF-1 was ostiuatod fro;a the ciiocts 

produced niter its application to intact and abraded rabolt s.^iiu 

A, Vapor Inlialation 

-paito ualc, a.1. (’distar) rats about 150 fin in weight, in .roups 

of six v/oro exposed in a jlass dynamic tjasoini; chamber bovine a capacity 

of 8 liter’s. Tie lou .fa of each expos-ro ranged from Ô ••d.nutes to C hours 

in fao saturated vapor studios but was of 4 hours' duration in tnc un- . • 

saturated vapor concentration studios. All rodents surviving.exposure 

vvoro 'plAood in observation cajos for a period of 7 days ooforo boin ; 

killed for studios of pathological chaujcs. Aniroals precontcd i.or 

nocrorsy i.uaodiatoly after closure, moribund or very recently dead, 

wore examined at onco. These that survived exposure and the 7-day obser¬ 

vation ' period v/oro anosthotisod vrt.fi other, bled by cutting sortllnry 
•u 

vosscVt>: and examined. The followin'.; tissues woro selected during «roas 

oxaoinûtion, fixed ir. neutral 4~e for:ialdohydc, and stained with hematoxylin 

and oosin: trachea, lun-s, heart, stoi.uxh, spleen, pancreas, kidney, adrenal, 

urinary bladder, testis, liver, spinal cord, vertebral marrow. 

The compounds v/cro vaporised in the saturates va >or studies by 
• * 

placin-’ 50 nl of the material beinj tested in a fritted disc i.as washing 

bottle and drawing air through the liquid and into the exposure chamber at a 

3 



rato of l.íl 1/mln. lii t¡\o uncaturatofi vapor concentration ctudioo, dis¬ 

persión oí U¿rU: ami Î1AF-1 was offoctcd by droppiiv; a snail nnonat oí 

raatorial continuously onto tho fritted disc of a Ras waoUin:: bottle. Air 

drawn up throu;iU tho disc at tho rato of 1.0 1/uin carried tho vapors into 

tho exposure chaubor. The anount of material delivered onto tho fritted 

disc was dependent upon tho siao of tho syrinjo containina the notorial 

and on the speed of a Phipps-Bird infusion puap. 

, vfc » 
.po concoutration of vapor to which aninals were exposed r/r.s 

eshuated/rtouiinolly in all oxjjorinonts and by chouical analyses of 

chamber'álr samples for U!l'2¡ in tho unsaturatod vapor concentration 

studies.'*' ítoninal concentrations (ta-/!) were calculated Iron the weight 

of the nijtorinl used, tho lon-th of exposure, and tho total volume of 

air that loosed through the system during tho exposure. Analyses for 

mtl %/orc ^rtormû by an iodato titration usin;; a visual ond-point (G). 

It was necessary in tho unsaturatod vapor concentration studies to 

determíne if acotonitrilo or OhTA interfered in the Uu.:: analysis. Con¬ 

trol rcófxvory studios with standard Uiffi solutions containin,: acetonitrile 

or DETA.showed that acotonitrilo did not interioro in the Us:HI analysis 

whereas -DITA lowered tho recovery of ÜH2I forty por cent, however, since 

DLTA has such a low vapor pressure (0.22 nn 1¾ at 20°c), it is expected 

that under the conditions of dispersion nO:rliCiblo amount of its vapor 

would nass into the exposure chamber. 

D. Cutaneous Application 

Ranrro-findinj percutaneous toxicity oxporimonts wore carried out 

4 



on the clinpoc; shins of v/hitj albino rabbits weithin;' ij - 2.o The 

onivmls woro tied to restrainin': boards and placed in fare hoods with 

thetr heads protruding into the roo:». The linear airflow over the Lachs 

of the uninais v/as adjusted to 30 u/nin. rao autuais were restrained 

for several hours in this manner until the applied material evaporated 

or wan absorbed into the shin. They v/oro thou released and placed into 

ho!din.: cajes lor observation of local or systcuic si.pis of poisanin ;. 

ïk the first ^roup applicatious of ransin4; iroa 100-5C00 

m weve maeîo to clipped uncbi'odcd sl.iu* In the ccoo.'i'J ^rou>f G31 
■m 4 

of the material v/as applied to the clipped bachs of rabbits, whose shins 

v/cre uniformly abraded by needle scratches aocurdinj to the method of 

ffraiae (50. 

III. IvSf-ULTS 

A. Vapor Inlialation 

i» Mortality 
' V 

t i* 1 • . 

' "•!, • The mortality resulting from closure of rats for varied 

✓ À' 
lengths of ti:.iO to air saturated with vapors of í,IAF-l, üh::i, acetonitrile 

and DwTA arc sutxiiariaod in Table 1. .Mortalities in rats opposed four hour: 
f 

to the vapors from the dispersion of lessor amounts of MAT-1 anti pure UDM;! 

aro‘shov/n in Table II. — 

2. Clinical Observations 

a. U;:~M Saturated Va >ors 

Rats exposed for a period of & ruinutos showed signs of 



—uüL 

cyc r.nU nono irritation. After o::;»o3uro for If) ninutos thoy on'ii'Jitoi: 

head sh£v;in-, -aapin;, eye and noso irritation, .v\d rasping Imj c.o^iûs. 

In t’lono tv/o groups no deaths occurred dur in;; tho oa-posuros for the 

seven day observation period. Tho -roups exposed for 30 aiuutoc and 

GO uiuutes showed siyns sinilar to those previously noted, in addition 

to frothinj at tho nouth and convulsioiis. All deaths occurred v/ithin 

- '* 

3 hours after exposuro. 

' /*' 
b, :*Ar-l Saturated Vapor: 

Si Hats exposed for a period of 5 td.nutoc showed no toxic 

si.pis. /'ftor 15 minutos por oi^osuro, they OJaiTDltCtt iioad chal.in-: and 

Saspins.^ In tho 3ü minute exposure nroup, ’¿JaspInÎrroyo and nose irritation, 

and dyspitoa were noted. All deaths in this "roup occurred within‘21 hours 

after pxposuro. Those exposed GO-miu. suowod all the above toxic si;-;ns 

plus frothin;, and convulsions. All deaths in this croup occurred within 

I 
1 hour‘after exposure. 

<%r 

• » *. 

* !'* 

\ » 
f A\ 

c, Acotonitrllc Gatirniod Vapors 

Three saturated vapor c:q)osuros, each of varying leneth, 

%-ero natío usin" acotonitrilo. Tlio to;ùc sijns produced in tho 3&-minute, 
■fa m 

2-hour,'and threo-hour oxrposuros wore rapid, shallow breathin', weakness, 

stupor nro^rossin" to cor.a, and nasal and oral discharco. In the 3-nour 

exposure all became unconscious after 30 minutes of exposure and 5 out of 

G died 40 minutes after termination of exposure. Tho last redout survived 

43 hours but never regained conociousnoss. No rats died durins tho 2-hour 

exposure, but all wore in a coma after DO minutes of exposure. This coma 

G 



Ir.etof! 72 Hours, after which throe cliod and three regained consciousnoss 

aud survived the 7-day observation period. In tho 20-i:iinutc oxnocuro, 

rapid shallow broa thin;; and woahnocs v/cro noted durin;; exposure. Hate 

did not bocor.0 unconscious and all survived tho observation period. 

d. D.:?A Saturated V.-y/ors | 

I'.o toxic ci ;ns were observed during d liours exposure. 

0• U7"?! Unsaturatod Va..or '.xposuros 

' /V‘ Hats exposed to tho ii/„cst uoninal concentration (1.2*1 rj/1) 

showed si?ho of eye and nose irritation and cone dyspnea. At intermediate 

• * 0 

nouinol' concentrations (1.7G os/l) rodouto showed tho s^e siuns as noted 

♦ . 

in the lower concentration plus ¿aspin;, tronors, and convulsant spasric. 
• ÏA 
J 

However tho onset of toxic si ;ns wore slishtly noro rapid. At‘the hi’host 

nornine,! concentration (2.2d ny/l), the si;;ns as previously scon occurred 

noro rapidly v/ith frothing, spasms, cyanosis, and torainal convulsions. 

All rats expired during cx¡íOsuro to the highest concentration. 

f. ::aF-1 Unsaturatod Controllod Vapor hx^osurcs 

Flats exposed to this fixture at the lowest noiainal con- 

• • *. 

V# 

coa trat! on showed cijns of hoed shaUiu;*;, rapid broathiuii, ai^d yaspin::. 
«V 

Slight eye and noso irritations wore observed. At a nominal concentration 

of 0.b‘j n:v/l, dyspnea was noted aftor *ib minutos. Eye, noso irritation 

and weakness occurred after ÜG lainutos of exposure. Spasms occurred after 

2 hours and redouts became stuporous after 3 hours exposure. All rats 

survived the 7-day observation period. In those exposed to 1.3 ms/1 tho 

toxic sijns wore similar but more severe with two rats dyinn, one after 



3 hours of exposure and the other , Ü days r.cst exposure. At a concentration 

of a.3 tv:/1, the onset of previously mentioned sijns was ..lore rapid, with 

the addition of frothing and terminal convulsions. Mortality from exposure 

at this concentration was 5 out of u Uyinj within 21 hours. 

3. Patholo .ic Cbservatie.is 

a. Gross exanination 

Animals that wore dead or moribund foilowiu; exposure 

to !<îA?-ï^or to UKUI s!»owcd sirs.lar i;ress changes: externally, nuncios wore 

wet, and'-clear foan and bubbles extruded fron tno nostrils; the abdomens 
** V 

.* # . 

wore tirhtly bloated, bulrrins more on the left side. Internally, a .:11110 
• * 

r.ucoid loan in the trachea was extruded ay pressure freu the emphysematous 
. • • • 
* 

lunss. Tno lun'js were reddish to darl. :.areon in color, and on some, red 

i* 

opotS/2-3,nn in diameter wore visible on the surface. Tnc stomachs \:ere 

grossly distended v/ith cas crowding the thoracid and abdo-iiual viscera. A 

white xucoid foan, also in the stomach, extended alen;; with the cos, into 

• the bloated snail intestine. Tnc livers were distended and darh, and 
fu 

their peut surfocos oozed dark blood, 
1 • • 
" hats, dead or moribund, from acetonitrile exposure 
»V 

differed ;;rossly in the following respecLs; abdominal distention was slight 

» 

or absent, and though nuxzcls wore wot, there was no ioaiu in tno air tracvs, 

i 

arjd the lun.'S collapsed norsially. Stomach distention was sli cht to 

nodcrato, more fron a nucoid foam than fron ces collection, and did not 

involve the duodenum. 

.Seven days after exposure there was no ..ross difference 

noted in survivors of MAF-l or of its comp one .its. _ 



b. choisie c:::..rã:’':,-.i,iQa 

«■it'! t!.c c::coptior.f; notad 2.';tcr, tlic only hictopr.tnolo.jic 

enantes soon wore in tho pulnonary systew. Seven Unyo alter 4-hour cx- 

posoroa to concentrations up to 0,.:S no r.dci*oscoplc chancos 

v.oro noted except that one animal hat! a slight noutroiihii-containir/; 

exuda Lo in como air passa es. în animais dead or norin.nui alter 4-hour 

exposures to <1.5 - 3.3 n,/i) or ..iter shorter exposures to 

caturatod^vapors, tho iollowing chan os v.cro noted: erosion oi pul¬ 

monary c*p*ijt:icliusjj suoepit.iclial, pcrioroacliial, perihrouenioiar and 
* ; 

perivascular ec!o:.ia; paroncJiytial convene.on; small focal Jn-v.02vha .es 

* ^ 
with variable intra-alveolar cdo.au. 

.. '■* * 

. 'A week after exposure to lii-h :y.y-i concent rations, 

the followin': chanses were noted: bronchial and bronchiolar eiJithclial 

motaplasia, or erosion and neutrophil iai’lltration in and around the 

air passages. Gmail focal hcitorrha;;cs wore noted in soi.io lunas, with 

sniall Tjunbors of red blood cells ia air passages. Tne most severe 

residual,chan-es involved‘ontire lu«.; lobos consistia, of unssive 

Goneralixod neutrophil infiltration, with many foamy macrophages in 

tho alveoli ; confluent, jranuloxui-lihc areas with necrotic centers; 

areas of fibrous tissue formation, and metaplasia of some bronchial and 

bronchiolar epithelium. 

Changes noted in rats exposed to UD;*i wore essentially 

similar to those produced in rate exposed to 2IAF-1 under comparable 

conditions. In one animal that did not survive a SO-uLnuto saturated 

vapor c:rposuro, a very snail focus of degenerative myocarditis v;ds 

t 



prosont, 'üut thifs condition is not unco:jion in urio::posod laboratory x^ats, 

and is not considered rolctcd to the toot compound. 

In animals that wore dead or moribund aitor c:Koruro 
• • • * 

to saturated acetonitrile vapor, congestion was noted in the liver, 

stomach, and duodonura, a condition not uoted in animais opposed to 

or :.IA?-1. Tlio bronchial opitholiuu \Y*üo eroded# v/ita jLoo*ío»!Xu ( û.i.d 

ßoparatiün oí tue epithelial colls iu se*.o alveoli and passa.os. 

Scattered rod blood cells v/ero also present in alveoli and air passages. 

• rt 

Seven davc:alter 30 minutes exposure to acetonitrile saturated vapors, 

•* #., 

one Ox 'two oixitaals examined hictolo ;ica iy appeared c.r*re(itially uorraal. . * 
The Urn's oí the other had chanceo si»xiiar to, but milder tlian those 

.:-. 

that were.noted in two hour exposures: »;amcly, massive, jcnoralisod 

t* 

neutrejjhil' infiltration, with many fou...y maevophagos in the alveoli; 

» 

confluent jranulo;aa-liko areas with necrotic centers; ai-cas ei fibrous 

r 

tissue'formation, and cotaplasia of come bronchial epithelium. 

, , c. Summary of norpholo ,ic chancos 
■ •U ' 

; I'.orpholosic alterations noted in rats immediately 

# 

after, «r-d a week after o:rxosuro to low und hi;;h air concentrations of 

MAF-1 were essentially similar to those found in rats ex^osod to its 
*• 

ixajor component, U2CÜ!. Trachoo-bronchial and salivary scoretio/.s 

increased, durin; exposure, and hair on muzzles and clxcsts were wot. 

Thoro v;as pulmonary edema, with much frothy fluid in the air passages, 

as well as edema of the peribronchial connective tissno, ar.d slight 

intraalveolar honorrhaso. Thoro was severe air bloatinj incident to tho 

10 



« 

partial blocking oí tho air pacsa^as just (loscribod. 

A v/cc'c aitor closure to low concentrations, a slight 

neutrophilic o::udato was noted in luv-ina oí bronchi oí so. o auij.ials. 

After ¡..oro severo insults, erosion oí puluonary cpithcliui.i aail ode:.a 

around air passages and vascular chamiols were still in oiioat, with 

luotaplaoia of opitholium in soino. Acute poribronohitis, peribronchiolitis 

and pneumonia with fibrous tissuo íor¡;at¿on r/ai'o present, vary in ; irou a 

slight ar'.e;mt oí consolidation and organisation oí cntii'o lobos. 

In contrast, rats opposed to fatal concentrations of 
y ; 

acotonitrile, although salivating frooly, exhibited only slight peri- < 

broncovn^ edowa, and showed only slight -assy distension oí the sto.:ach. 

A woeb after exposure, however, survivors crdiibitcd residual pultionary 
* i t • 

changes siuilar to those soon in animals exposed to hi;;h M1F-1 exposures. 
* * 4 

/ # 
C. Cutaneous Toxicity 

1. Pystenic effects of 
. *1 

The 24 hr L'JSü on unabrndod shin was appro:a;.iatoly 2.5 sAj 

and thó*4S -hr T.nr>0 approxiraatoly 2.0 These values place the porcu- 

r J.\\ 
tanoous toxicity of MAP-1 in the slijhtly toxic class (10). 

The application oí CGI z of MAP-l to the abraded skin 

n'roup próiUiced no fatalities one 

that the I.DCO of MiF-l to abraded 

week after dosing. This •„•o.ilo indicate 

shin is greater than CGI nj/l,x. 

2. Local skin cifccts of MAii’-i 

Skin areas upon which MAP-1 was applied ahov/od orythc:.ia 

and edena within 2 hours. Assay, by i..oiu^s of a rJLcro...oter syringe showed 

that 0,54 cu nvn was the smallest amount of :,M*F-1 which produced visible edema. 

11 
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IV. Dircujcio:: 

is cowpoaod oí coupouails that individually ahon rather specilic 

decrees oí toxicity by inhalation. UhTA ahouad no toxicity in a aatvratca 

vapor ütudy and ca:; bo procured to cowcrihutojittlo t° the vaj^or hasard 

in’ the hand liad oí IdAP-l. Acotonitriic"exhibited soi.o toxicity in tho 

saturated vapor studios but was slow-actius as couparod to Uhlh. Tho 

aoot striKind toxic si:;n with acetonitrile was tho com produced in the 

rats, norud oí which recovered without íijrthor sidas oí intoxication. Tho 

danger with this compound would scorn to bo with the stupor produced and if 

•* # >. 

added in,larger quantities to other newly foruulctoa luixod tnuino iuols 

would constitute a real hasard to unprotoctod handlers. Tho toxicity 

of UKSl iß væll laiown m^d in those studies produced toxic si,;ns quickly 

and iA n mannor which has boon characterised in otheracuto studios (3). 

:¿AF-1 in tho saturated vapor studios was slightly ¡..oro toxic taau any of 

its constituents based on GO uinuto exposure to saturatcu vapor, where 

121 w /l’Of MAP-1 caused death in all t»o exposed rats. 

' * 

jpiy'th (5) has devised a method for classification oí. compounds 
• . • 

accordant to the hazard fron inhalatiou. Usins his ratiaj, syaten j.or 

saturated vapor inhalation, MAP-1 e-.d its constituents fail into the 

activity rrodcs as scon bolov/. 

mturated Vaoor 

DSTA 
Acetonitrile 

U3-~I 
MAP-1 

Activity Crr.de 

> S-G <3-7 
S-G 

12 



Cr.v-io r-1 is clc,ssirit(l as U;c least Uasarvious iro;n wliicli the 

clascific.-itio:i nuiVjcr ii-.crcasco ss the hr.xirU Incrcas-s. Tacso jraCes 

art classilications or hr.;-.-U rat..cr than t.jar.titativo to::ici'.y, since 

the a .e.iiits in^ialcii ai*e <’e:-c.i !e:;t upo.. vsi'Oi’ pressure. Clacsiricstiou 

or th-* CO. i;>ou;-.Js by'this ncthod shou that iiT-X is about as hauoruous 

as Ul>'Li but :vach s4)ro hasr.rdouc thau cither ii.l'i’A or acutositrilc.

In the coatrollcci concentratio.. iahalatioa studies t:*c si ;ns oX
• ' -t'intoxication frou or rXlT-l v/oro aho-t tho sa:o. Classiric.atio.'.

or the ta tlcity of f.'.ose tv.o co.i;>oui;;ls h„scd oa tho a.JOuat Ooiivorec!

Cri0.oi)\ai concentration) or oa tho ai.alyticr.l coaoentratioa oX Uii’li
.

(tho a'io'mt or Vi'j'Zl in the air) that the solution o£ uOMi is soi.icohat

Korc to:iic t.iaa 'jIX'-I.

otiose data indicate that by the route oX i.dialatioa ..V.?-l is 

probably no noro hazardous that Ur.ll. i’ercutnaeous toxicity studies 

show 3.title haaard iroa this cs:..;ound. Vhc precautions aad saioty

practiC'in now in use Xor handlix.^ Ut.'U; snould be ade:;uuto Xor .'."iT-l.
• •

Vue literature on IXJTA shars that this compound aiay prcjc..t a:> added 

hazard 'r/ ennsin'r shin sensitization tost probably dess not occur with 

CE:x:. I'lm'cforo, added precautions above that for Ui.' .; would probably 

bo desirable to clir.lnrtc this possible hazard.

. V. su::.vj;v

•len'o-Xindin" toxicity tests on .blT-l indicate that lVi?-l vapor 

is similar in toxicity to 1,Ivdlrothylbydraxinc (Ud'l;). It produced 

oXXocts simiar to VuZl in oxrposod anirials and prodi.csd death at about

!
L

.ii.



tho fiai.® concentration levóle, 'ia counidoi'ct! to be sli.'htiy loas 

hazardous than UIT'!!, hccauno oí the lov/or volatility of .’VP-1. Cutaneous 

application oí MVF-l showoc’ that it would require larco nuiounte to cause 

death. Ilowovor, very lov/ doses causod irritation oí exposed shin areas. 

TîiO precautions and saicty practices now in use ior handlin'; ULiZI should 

be adequate for MAP-1. 

Id 
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7ADLK 2 

Mortality Fro;.i Sin ;lc ‘i-:iour J^posuro or r.atc to MAP-l and U:;.:í Vaporo 

■ L'.F-1 1 UJ.II 
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conon 
Analytical 

conon 
Mortality 
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Rato 

îîoiainal 
conon 

Analytical 
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in 

Rats n:/l 

2.S 
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