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SL'":'!XARY 

~ne acute oral LD50~ for TATB ~nd TCTNB in both sexes of racs and 

rn~ce were greater t~an 5·g/kg. TCB had the follo~in~ LD50s: 1800 mg/kg 

ir. ~le rats. 2800 ~g/kg in fem~le rats, 3350 mg/kg in ~ale mice. and 

3402 rng/kg in female mice. 

Prima'Y skin irritation studies in the r~bbit showed that TCB a~d 

TCT~~ were mildly irrit~~ing and that TATB was nonirritating. Eye 

irritation studies, also in th~ rabbit, showed that TCB and TATB were 

~ild but transitory irritants, with TCTNE r~~ponding as n severe irri

tant:. The scnsiti7.ation Study in the guinea pig did not show TATB, TCB, 

or TCTNS to be ser.siti?.ers. 

TCTNE. TATB. and TCB were nor mutagenic when tested in five strains 

of Salmonella cyphiffiuri~ and in Escherichia coli strain ~2. TCTNB 

was the most toxic o: the three co:apo.Jnds tested in thG:se strains, and 

·it also showed toxic effec~s in ~he recombination-deficient Bacillus 

subcilis str~in M45. ~on~ of the co~pounds showed ~oxic effects in 

repair~d~~ici~nt ~- coli straia p3478. ~itotic recombination in the yeast 

~- cerevisiae D3 was increased by TCE but not by TCiNB or TATB; ho~ever, 

a dos~-relat.ed response could not be established. 

The response of· rats expo~ed for l hour to saturated TCB vapor 

i::"ldicac:·es that TGB does not present an acute inhala:ion h~zard. Th<! only 

noteworthy observation was that ~he race of weight gain for the treated 

1'ATB is not an acute inha1<J.tion hazard as a dusr.. TCTNB p-r:obably would 

have the sa~c hazard value as TATB when inh~led as a dust. However, 

TGTNB w~s administered ns an aerosol in D~SO, and the presence of DMSO 

may hav~ enhanced the TCTNB bioavailability by increasing its solubility 

in bi"oloP,ical fluids nnd increasing pulmonary membrane permeability. 

These studies have indicated the potential <tcute inhalation toxicity of 

TA"LB, 'ICB, and TCTNB. t:hey did not address the probler.l of continuous 

d3ily exposures. ~uch as Might be encountered in the vork cnvironcc~t. 
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INTRODIJCt'!ON 

As par~ of its over~ll program co obta~n safe~y i~forrnation o~ 

potencial explosives, Lawrence Livermore Laboratory (LLL) is parCicularly 

incerested i~ TATS, TCB. and TCTNB-* At the request of LLL, SRI 

designed and conducted the follo~ing studh~s on TATB. TCB, and .TCTNB: 

(1) Acute oral LDSO in the raL and mouse 

(2) Skin ~nd eye irritation in the rabbit 

(3) Skin sensitization in the guinea pig 

(4) In ~ mutagcne$iS/c4rcinogcnesis in microorganisms 

(5) One-hour dust or vapor inhalation in the rat. 

~he follo~ing co~pound bac~hes were used in the studies listed above: 

ComEound B.~tch Number Used in Study Nu!Ilber: 

TATB B-318 (1) through (5) 
B:-365 I:1 storage 

TCB B-320 (1) through (4) 
B-367 (5) 

TCTNB B-319 (I) through (4) 
B.:.366 (5) 

(s) 
: 3 •:) - (_ 5N" .,_.._ 
·,, ·---~ 

* TATS: 1,3,5-tr:l.amino-2,4,6-trinit::-obcn?.ene; TCB: 5-tric:hloroben?.cne; 
TCTNB: 1,5.5-t~i~hlo~o-2.4,6-trinitrobenzcnc. 

2 
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EXPERL~NTAL PROCEDURES 

Sin~le-Dose Oral 4oxicity (LD50) 

Rat 

Ten young-adult Sprasue-Dawley-derived rats of each sex, weighing 

70 to 111 g, were used in each of the thre~ test groups. Each compound 

was ad~i~istered to fasted rats as a suspension in corn oil. The graded 

dosages were given intragastrically 1-1ith a ball-point needle and syringe. 

After treatment, all ar-imals were observed daily for phys~clogical 

and behavioral responses. Body weights were recorded initially and weekly 

thereafter. At the end. of the 2-week observation period, oll surviving 

animals were sacrificed and examined for evidence of gross pathologic 

changes. 

Initially, we conducted range-finding studies at various·dose levels 

to identi=y the zone of toxicity. thr.ee to five animal5 were usee per 

level. The rcsul~s o( thi~ prclimtnary work ~rc no~ pre~ented in this 

report, buc the d8ta are on file ~t SRI. 

SRI and LLL agreed to use S g/kg as the maximum dose for testing. 

Any compound sho~ing 50% mortality or less at this level w~s reported 

as havtng an LD50 of g~eater than S g/kg. 

Tne procedures for the single-dose oral toxici.ty (LD50) study in 

the :nouse we;::-e similar to. those used for the r~t- Ten yotlng-adult ICR/SIM 

mice of each sex. weighing 20 to 31 g, were u:;cd i.rr cac.h test group. --·-·- ..... ~· _..... . . 

As in the rat ~tudy, all an:(mal~; were: observed daO.y aftet:: t: re.ntrncnt 

for physiological nnd i>~llaviorol respon:.;e!>. Body -wciJ;;hts wet:c recorded 

.initially and th~n weekly. Aft~r 2 veeks of obser-vacion, all animals 

were sacrificed and examined for evide~ce of gross pathological change!>. 

The maY.:(mum dose tested was 5 g/kg, the same as th3t cstnblishcd for 

the rat study. 

3 
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P~il!la:ry Skin Irrir.ation . 
The proc~dure used to asse~s prim.;:"t")' skin irri:;ation "Was the Draize 

·-. --· ·----........ 
Tes;::.. -~ix_ New· Ze.:~.land white! :::-a.l:>bits, "'eignittg 3 tc 5 lo each, were 

used i::t e~ch r:es;::. group. Only or.c coo-pound was applied to an individu.3l 

~aubit. The back of e~ch rabbit ~as clipped free of hair 24 hr before 

application of the compounds. T~-To sites were abraded and two were 

unabraded. Each compound was applied in O.S-g quantities to each test 

site. rne ~est sites were ~~~~~~~ with a ·gauze pad, and the ~ntire back 

~as ove~apped witn rubber dam. Twenty-four ·hours la~er, the wraps were 

removed, excess ~ompound was :removed, and each r.cst site was scored for 

erytheo~ and edema. Readings were recorded for the 2~-hour examination 

and agai;-~ at 72 hours. A final irritation score was calculated fro::J 

the 24- and 72-hour ~eadings: 

Eye Irrita:ion 

~i_ne __ ~t:":l __ Zealand_whiL·~ rabbits, weighing 3 to. 5 lt> each, were used 

in .~ach·test group. Only one comp0und was admini~tered to an individual 

rabbit. Yne compound ~a~ instilled in 0.1-g quantir.ies into ~he left 

~ye of each rabbit, the righ~ ~yc serving as the control. In each test 

-~~oup, three of the J:"abbics bad ~h~ compound washed .. £roll'. the. eye 30 

seconds <tft~r. instillation; tJ;ree, 5 minutes afte!:" instillation: and t:hree 

did not have the compound washed from the eye. 

Each eye was graded for occula• lesions at 1 and 4 hours on the 

day of ayplication and again at 24, ~8, 72, and 96 hours. Of particular 

int~rest w~s detcrm~nation of whe~hcr the cornea, iris, or conjunctiva 

deV'elopcd irritancy and/or show-ed a ~Eansitory .:response (losting for 

mo~e than a fe~ hou~s). In cases of severe ~yc irritation, we continued 

observations £or 7 days or more to identify ~ore closely the recovery 

titnc. The pt"ocedut"e and grading syst~;n wen~ taken from the Dr.:~.i>:e Test. 

Skin Sensitir.atioo 

__ }:en rr.ale H.:rrcley-str.:~.in guine.'l pigs, "Weighing 300 to 400 s, ~-T~rc 

used in t:hc vehicle c.ont:rol group and in each of the tht:ee treatment 

grou~s. The animals wer~ hou~cd individually ~nd received a commercial 

.._...,..._,.. __ ~,_,~.....,.......,...,.,.....~~""""-~~ .. -..·""··"""C .. ':<.<~. -.~t 1~! -.,...........,_,_._.. •.•• ,.__.-.c·-.--._.--•· --

! . <{ 1., 
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labora~ory racicn supple~enred o~ alternate clays with fresh lettuce or 

cabbage. 

Each test co~pound w3s diluted ~o a co~centration of 0.1% with a 

lZ sclurion of carboxy~ethylcellulose. Tl1e control group received the 1% 

solution of carboxymethylc~llulose alonP.- F.Jch compound solution w~s 

ad:nin:i.steX"ed in a series of ten "sensitizing" lnjecrions into the lower 

back and flanks of the gu~nea pigs. Betore each injection, the test 

site was clipped free of hair with electric small-animal clippers. 

lr.j ections were made randomly over the t.est area every other d~y via. a 

l-ee tuberculin syringe fitted with a 26-g?uge needle. The volume of 

th~ first injection WllS 0.05 ml; ~he ()::her nine injections were each 

0.1 rnl. TWenty-four hours after each injection, the resulting rcactioa 

w~s scored ~or redness. h~ighc, and di~~eter. Redness and height wPre 

scored on a scale of 0 to 4. as d~scribed by Draize; di .. "lmeters of 

rea<::t:ions were measured in :t~illimeters IJsing microm~t~r calipers. 

Two w~eks after ad~inistration of ~he tenth sensitizing injection. 

the lower back and fl8.nks of e~ch experimen~al guinea pig were clipped 

free o! hair, and a challenge injection of 0.05 ml was ad~iniscered. 

Each animal's ~e~ctions were graded 24 hours l~ter and compar~d wiLh 

those froc rhe sensitizing injections. 

In Vi~ro Mu~a~er.esi~/Carcinogenesi~ 

Background 
.·· 

SRI examined TATB, TCTNB, and TCB for muta)!enicity by l.n vitro 

microbiological. aJ':says witt Salmonella typhimurium strains TA1535, TA1537. 

!.'.f\15:)8, TJ\98, TAIOO; Eschedchi3 coli strain WP2; repair-deficient and 

repair-proficient stra~ns·of Bacillus subt:ilis ~nd ~·~;and with the 

yeast. Saccharo~y~es cerevisiae D3. An Aroclor 1254-stirnuluted, rat 

liver-homogenate metabolic ac.tivation systec was 1nc.lud~d in each pro

cedure (except in the DJI.tA rep«ir ass{ly) to provide metnbolic steps that 

the bacteria cirher ere incapable of conducting or do not conduct undQr 

thC! assay condition$. The purpose of this study was 1:0 c!ctermine whether 

the co:npovnds ~licited .:l mutagenic ru;ponsc in w..ic:roorg.anisms. 

8/24 
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The ass~y proced:u.-e. with ~· _ty-phimurium ilas been proven to be 85 

co 90% accur3te in detecting carc~nogens as mutagens. and it h~s about 

the sa:ce accuracy :in .identifying chemicals that are not carcinogenic. 1 

. The assay procedu~e w~th ~· cerevis~ae is about 60% accurate in detecting 

carcinoge~s ~\agents r.har: inc:rea.se rniror:ic recombination. 2 The assay 

-with E. ~ ~2 and the microbial sen~itivity assay .:::-e cwo addi::ional 

systems for detecting mutagens. Tile combination of these four assay 

p'ocedurcs significantly enhances the probability of detecting potentially 

hazardous chemicels~ _Ho-wever, becau5e the test systems are not 100% 

accura~c. neither a positive nor 3 negative result proves that a. chemical 

is hazardous or nonhazarclous to man. 

~aL~n~LLa ~ypn1IDUt"1Urn Stra~n~ IA!~~~, TA1~37, 

TA1538, !A92, and TAIOO 

The S. ·tn>himuriut:l strains u:;ed ar. SRI -were obtsin~d from Dr. Bruce 
3-5 Ames of the University of Californi~ at Be~keley. All are histidine 

~l~Xotrophs (hi::!,-) by virtu~ of i:tut::tcions in the h:i.stidi::"l<2 op<2ron. In 

addition to the mutations in th~ histidine operon, fiv~ of ch~ i~dic.acor 

strains have ':tlUtations in the lipopolys.accharide coat (!.!!!:_-) and delcrions 

~hat cover a gene involved in. the rep3ir of uv damage (uvrB-). The rfa

mutation makes th~ strains more permeable to larg~ molecules, the~eby 

inc~easin& their sensitivity to these molecules. The ~3- mutation 

dccre~ses repair of some typ~s of chemically d~maged DNA and thereby 

enhances sensitivity to some mutagenic chemicals. Strain TA1535 is 

reverted co histidine prototrophy (hi!':+) by m~ny mutag}tlS that cause 

base-pair substitctions. Strains TAl537 and TA1538 sre reverted by ~any 

frameshift_mutagens. IAI537 is Qore sensitive than TA1538 to mutations 

by some acridines and bc~zanthrac.cnes, but i:he difference is quantitative 

•ath~r than qua!it~tive. TAlOO !s derived from 1A1S35 hy the introduction 

of the R factor p laf;mid pKM!O l. 6 Tile int-roduction of this plas!:!id, which 

conf~rs ampicillin resistance to th~ strain, greatly ~nhanc.es ch~ sensi

tivity of the strain. to ~ome base-pair substitu:ion mutagens. We have 

sho-wn chat ~utngens such as benzyl chlo~ide and 2-(2-furyl)-J-(5-nitro-

20furyl)-acrylamide (known as A~2) cnn be dceecteo in plate assays by 

TAIOO but nor by TA1535. The ~rcscncc of this pla&~id also makes strain 

PAGE 1 QJ/ 24 
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TAtOO se~sitive to some f~aill~shift ~utagens--e.g., IC~-191, benzo(a)pyrene, 

aflatoxin B1 , a~d 7,12-di~ethyl~enz(a)anthracene. TA98 is derived from 

TA153S by the addition of th~ sa~~ plasmid, and the plasmid makes this 

strain more s~nsitive to soce mutagen~. TA92 is ~he same as TAlOO except 
-'- . 

that it is uv~B· and rfa
7

• 

All the indicator strains ~re ~tored in liquid nitrog~n. For each 

experiment, an inoculum from frozen stock cultures is grown overnight at 

37°C in ?. nutr:i.ent: broth consisting of l% tryptone <!nd O.S% yeast extrac:t_ 

After stationary overnight: grow~h, the ~ultures are shaken for 3 to 4 ho~rs 

to ensure optim2l growth. Each culture is checked for. sensitivity to 

crystal v:l.olet. The pn:sence of the I."[<)- nu:t;~t ion m<tkes t:he indicator 

strains ;o;ensitive to thi"' dye, whereas the pare':lt stt:ain, rfa+, is not 

sensitive to the dye. Ho"Wever, t;H! rnuta::::.on is reversible, l~ading to 

the acc~~ula~ion of rfa+ cells in th~ cu~ture. Therefore, the cells 

must be ~ested routinely to en$ure their sensitivity to crystal violet

Each cul'turc also j s tested by sper_: i.fic mut;;gens known to revert P.ach 

test strain (posi~ive controls). 

To a sterile 13 x 100 ~~ test tube ~laced in a 43°C heating block, 

we add in the following order for assays in aga'C'; 

(I) 2 ml of 0.6% agar* 

(2) 0.05 rnl of indicator organisms 

(3) 50 ul of a solution of the test cher.tical 

(4) 0.50 ml of metabolic activation mixture (op::ional). 

For neg~tive controls, we use steps (l), (2), ~nd (4) (optional) anct 

50 :;1 of the solvent used fo-e the test chernici:ll. 

This mixture is st:i~red £ently and then pou,ed onto minim~l agar 

plat:es.t After the soft agar has set, the plates DrC l.ncul>atcd Dt 37°C 

for 2 days. The numb~~ of his+ r~v~rtants (coloni~s that gro~ on plates 

* 0.6/. ag.:tr C01ttains 0.05 m.'f histidine and 0.05 cili biotin. 

Minim~l agar·plat~s consist of 15 g of agar. 20 g of gluc.ose, 0.2 g 
of Mgso4 .7 H2o, 2 g of citric acid monohydrate, 10 g of K21IP04 , ~nd 
3.5 ;:; of Na!!~l4?o4.l-lz0 per li~e:r. 

7 
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lackin~ a sufficient: amouG.t of histidine to Sl:pport colony forma~.ion) 

are cot:nted and t:ecorded. SomC! of the revcrt:anrs are routinely ces::ed 

·co co~firm that they are his+. require biotin, and are sensi::ve to 

crystal violet (rfa-). 

Escherichia coli strain W?2 

- 7 8 
The ~- coli W?2 (uvrA ) ' used in thi~ project was g~ven to us by 

Dr. ·n. McCalla. A procedure simiJ.at' eo the <me ~~sed with Salmonella 

is used to measure the reversion of WP2 to tryptophan independence. 

Roweve~. instead of containing a trace of tryptoph3n in trc top agar, 

rhe minimal ag~r plates contain 1.25 g of oxoid broth per liter co provide 

the trace of tryptophan required for ~nhancemenc of any mutagenic effect 

o ( the test chemicaL 

In addition to reversion of the mutated tryptophan gene. WP2 may 

undergo a forward mutation in a tryptophan tR.NA gene to achieve trypto

phan independence. This is called phenocypic reversion. We do nol 

distinguish experimentally bet~een the true revertants and toP. pheno

typic revertants (~lr.hough the l&tter tend to form s~allcr colon~es). 

Es~heri~hia coli st~ains W3ll0 and p3a78 and Bacillus subtilis 
strains Hl7 and ~45 

We ob~ained the E. coli strains W3110 and p3478 from Dr. H. Rosenkran7.. 9 

Strain p3478 is a ~A- derivative of strain W3110. It car~ies a single, 

r~vcrtible mutation in a gene for a DNA polymerase; Gross ond Gross 10 

sho~ed that this mutation is involved in DNA repair stnthesi~. This 

mutation increases the sensitivity cf strain p3478 to chemicals that 

lead to alternations of or damage to the DNA. Therefore. we can assay 

for chemicals th3t da~age DNA by ~omparing the relative sensitivity of 

p347S and W3110 ~o the test chemicals. 

The !!.· sub-::ilis srrains Hl7 and M45 were ohta).ned from Dr. Kada. 11 

Strain M4S (rel;-) is derived from Hl7. but it i:; ddid~nt in the genetic 

recornbi~3~ion mechanism necessat:y to repair. DNA damage. Cells deficient 

in th~s rep~ir me~hanis~ arc kill~d ~ore easily by some chemic~l muca

r,en5 than are w{\d-type re~ombination-proficient: cells. If n chemical 

8 

.,..,..'ll __ lil'lfi»~.-:~•-"".=""-·!'!AII'!'_.III!£!111::CI'Il..SIII,' . .,til'l_.~!lfiJ~---1112C~-!'!'.:.'!'I.-.r!.·,.4CII:'!.!"!,~JIIi!!' ... ~--~!7!!:" .. -.a.;;~--"'--.. '•'~~ .. lljl.-'i'"':t""'"oo::;;,.,s-•-,.,.-....._ _____________ ,., ___ .......... _ ............... ---····· . ., ........ --,... ..... ~,... ... ~r- .. --.• - •• 

PAGE 12/2"1 



&1-\Lr.C. 

.· -~: : ... ·· ... • . : ". ·- · .. ··. ·: ~. '. . -· '•. :' :_~ - ... : - -.. ·. . . , . ' ·. - ·. ·, 

J 

j 

). 

. . . - . . . . 

is toxi~ co rec- cells, but at the same concentr3tion is not eq\Ially 

~o~ic to rec+ cells. the chemical probably is a mutagen. 

Inoculums from frozen stocks are· grown overnight: in nutrient Droth* 

at 37°C with shaking. To 2 ml of nutrient bcoth containing 0.6% agar 

is add~d 0.1 ml of the test culture. The suspension is mixed and 

poured onto plates containing nutrient broth ~nd 2% agar. 

After the soft agar has solidified, a sterile filter disc impreg

nated with the test chemical i~ placed in the center of the plate. The 

plates are incubated at 37°c fo~ 16 hours, and the width of the zone of 

toxicity or inhibition of growth is then measured. We usually must test 

several cvncentrations of chemical to d~tect accurately tUffcrences in 

the zones of gt'owth inhibitiont because higher- initial concentr<~tions 

leaG to steep concentration p,rad£e~ts that rnay reduce the differences 

in growth inhibition of the two strains. 

Positive controls for this ~ssay are 1-phenyl-3,3-dimethyltri~?-ene 

(1 mg) and N-methyl-~'-nirro-N-nitrosoguanidine {20 ug) placed on the 

filter disc. Tne sizes of the zones of toxicity c3used by these mutagens 

correspond to the relative sensitivities of ~he rep~ir-deficient strains 

(p3478 and M45) and their repair-profi~ient parent strains (W3110 and Hl7). 

The negative control is 50 ug o( chlorampheni~ol placed on r:he disc. In 

this case, equal zones of.inhibition are expec~cd in geneti~ally related 

strains since the toxici~y of this control does not depend on a mechanism 

that leads to DNA damage. All assays are performed at least twice and 

in duplicate. 

Saccharomyces cerevisiae ·03 

The yeast ~- cerevi's'iae D3 ts a diploid heterozygous for a mutation 

in adenine-metabolizing enzymes. 12 Cells homozygous for thi~ mutation 

produce a red dye when grown on medium containing adenine. Adenine- · 

requiring homozygo~es can be genera~ed from ch~ hcterozygotes by miro(ic 

re~o~bination. Xany mutagens increase th~ frequency of mitotic recombi

~~ion. ~ico~ic recombination is indicated by the Jcvelopment of colonie~ 

(.lith red pigmcnt;;J.tion, and the number of pigmented colonic$ obcained 
l3 

indica~cs the mutageni~ity of a compound or it~ m~taboliLc. 

9 
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The Saccharomyces test str3in £rom the liquid nitrogen is grown over

night 3~ 30°C With aeration in 1.0% tryptone and 0.5% yeast extract. 

The cells are washed twice in 0.067 M P04 buffer (pH 7.4) and resusp~nded 

in the same buffer at a concentration of 108 cells/ml. 

The in vitro yeast mitotic ~ecombinat~on sssay in suspension con

sists of 5 x 107 washed ·station3ry-ph3sc ye3st cells in l ml of 0.067 M 

P04 buff~r (pH 7.4) and 50 mg/ml ~f the test chemical (or a fraction of 

the concentration required to give approximately 50% killing). The 

suspension is incubated at 30°C for 4 hours- After incubation, tne 

sample ~s di~uted serially in steril~ salin~·and plat~d on tryptone-yeast

agar plates. Plates of a 10-3 dilution are incubated for 2 days at 30°C, 

followed by 2 'l:tys at 4°C to enhance the development of the red pigment 

indicative of adenine-negative homozygosity. To detect red colonies 

or red se~tors, we scan the plates with a dissecting microscope at 

10 x magnification. Plates of a Io-5 dilution are incubated for 2 days 

a~ 30°C for determination of the total nu~ber of colony-forming units. 

The }~ ~ yeast mitotic recombination assay with rnetaboli~ acti

vation is cOnduc~ed as above with the addition of t:he mec:abolic activation 

system to the incubatio~ m~xt:ure. 

Aroclor 1254-Stimulated ~etabolic Activation System 

Some carcinogenic mutagens (e.g •• dimethylnitrosamine) are inactive 

unless they are converted to their active form by being met:zboli~ed

Kier et a1. 14 hav~ describe~ the ~etaboli~ a~tivation.systems we use. 

Adult ~ale rats are given a single 500-mg/kg intraperito~eal injection 

of a polychlorinated biphenyl (Aroelor 1256) 15 Four days after the 

injection, the animals are deprived of food. On the fifth day, the rats 

are sacrificed. 

The livers ~re r~moved aseptically and placed ic preweighed, sterile 

glass beakers. Th~ organ weight is d~termined, and all subsequent 

operations are conducte~ in an ice bath. Tne o<gan is.~ashed in an 

equal volume qf cold, sterile 0.15 M KCl (1 ~1/g o£ ~et organ), mince~ 

~ith sterile $Ctgic~l scissors in three volumes of 0.15 M KCl, and homo-

10 
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geni7.ed with a Potter-Elvehjem apparaLus. The homogenate is cenLrifuged 

fo~ 10 minutes a~ 9000 x £• and thQ supernatant is removed and stored in 

liquid nitrogQn. To the postmitochondrial supe~ate are added MgC1 2 , 

KCl, glucose-6-phosphate, TPN, and sodium phosph~te (pR 7.4). 

Inh~lstion Studies 

Inhalation Chambers 

Exposures to TCB and TATB were conducted in a cylindrical Lucite 

chamber approxi~ately 12 inches in diameter and 24 inches high. Rats 

-were exposed to the dust or vapo.- through t.,o -rows 1.5-inch holes in the 

middle part of the ch.:tmher, IJ[l.f.ch allow for hC!od-only exposur'!s. The 

rats were placed in wire restrainers on shelves around the inhalation 

chamber in such a way that their heads protntded into the cnamber. Tnis 

entire exposure system is contained within a glove box so ~ha~ h~zardous 

maLerials can be co~trolled. 

Exposures to TCT~~ were conducted in a chamber sui~ed for liquid 

aerosols. This chamber is made of stainles~ steel and Lucite. The 

ani~als were contained in wir ~estrsiners and only their heads -were 

exposed. 

The cY.haust from the first: chamber was routed through a glass-wool 

column and two liquid traps to prevent ~he vspor or dust: from escaping 

intn the room. The exhaust from the second chamber was routed through 

an in-line incinerator. 

Generating Systems 

TCB was generated as a vapor by metering air at: 33 liters/:ni~ over 

a layer of TCB in a flask ~~intai~c~ at 71 to 72°G by a water bath. The 

air temperature at the animal level was 24.5°C. This system provided 

a saturated TCS vapor for the animals to inhale. 

TATB was generated as a dust. The dust ~as placed in a 500-ml 

Erlenmeyer flask fitted with a glass sidearm that allowcc a stream of ~ir 

to be directed tow~rd the boctom of the flask. The flask v3s connected to 

11 
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the top of the inhalat~on chamber by a polyethylene cu~~ and was placed 

on a vibrator so that the dust was constantly stirred up wh~le the air 

stream carried the smallest particles into the chamber. The a~r input 

into ~h£ generator w3s ap~roximately 8.7 liters/min. 

TCTNB was generated as a 107. solution in DMSO after agglomeration of 

particl~s precluded genera~ing it as a dust. Four DeVilbiss nebulizers 

operated at 15 psi were used to generate the aerosol into a 2.5-liter 

oi~ing chamber. This aerosol was carried into.the inhalation chamber 

through ~ primary dilution column at 13 liters/min. 

Aerosol/VaEor Concentrations 

Vapor concentr~tions of TCB were estimated based on the amount 

generateJ and not·recovered. from the generator and from the tubing to 

the inhalation chamber. The nominal concent~ation of TCB was calculated 
3 ro be 9-3 g/~ . 

At le~st four air samples were collected (rom the inhalation chamber 

at the animal nose level during the exposures to TATB and TCTNB. Samples 

were coll~cted on preweighec nucleopore filters by pulling a known 

amount of chamber air through the filte~. The filters were weighed again 

~ith a Pcrkin-El~er Model ADZ microbalance that has an accu~acy of ± 1 ug. 

·The analytical concentration of TATS was found to be 219 ±59 mg/m3 , and 

that :or TCTNB was 682 = 391 mg/m3. 

Inhalation Exposu~es 

All exposures wer~ for 60 minutes. the animals were weighed just 

before they were placed in the wire ~~strainers. During the exr.osure 

and daily thereafter for ·14 days, the animals w£re observed f~r toxic 

signs. They were weighed ag~~n 7 and 14 d3ys after exposure. After 

14 days, the sn~mals were sa~rificcd and autopsied for g~oss pathological 

chanses. 

12 
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RESULTS AND DISCUSSION 

S~ngle~Dose Oral Toxicirr (LDSO) in the Rat 

TATS 

None of the male or female rats treated orally with a single 5-g/kg 

dose of TATB died. All animals appeared to b~ normal throughout dosing 

:tnti rlitrine rhl' !lOI':!'-f'rl':tf'r.ll'n!' oh!':I'TVntion Pf'riod. 

All the rats steadily gained weight throughout the study and revealed 

no gross abnormalities at necropsy. 

The oral LDSO for. TATB in male and female rats is greater than 

5 g/kg. 

TCTNB 

None of the male or female rats that received 5 g/kg TCTNB as a 

single oral dose died. Ho~ever, all animals exhibited mild depression 

and ina~tivity during toe first 48 hours after treatment. Additionally. 

the treated rats had a rough hair coat for the first 56 hours aft~~ 

treatment. Throughout the remainder of the study, all the rats appeared 

r.orm:tl. 

Body weights increased throughout the st\tdy; however, the ovet"all 

incre~se was approximately 27% less ~han that of the TATB-treated rats. 

Necropsy of all rats at th~ end of the obse~~tion period revealed no 

gross abnormalities. 

The or~l LD50 for TCTNB in male and female rats is greater than 

s g/kg_ 

TCI': 

Table 1 summ$rizes the oral toxic~ty of TCB in corn oil to male 

and female rats. Xn general. all rats e~hibited a rough hair ~cat during 

the first u8 hours after treatment. Addit~onally, for those animals 

13 
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that eventu3lly died, the following observations were noted: Initially, 

the antmals showed signs of passive tremors, depression, and inactivity 

that led to proscratio~. persistent tremors, coma, and death. Uith 

the e~ception of one male administered 2500 _mg/kg that died 10 days after 

treatment, all deaths occurred between 21 and 96 hours after treatment. 

48 hours after treatment appeared normal. 

Necropsy of all surviving rats (both male and female) revealed no 

gross abnor.nalities. 

--~ r~ral ~~~-~:_c~_was_ 1800 mg/kg for male rats and 2800 mg/kg 

__ for __ fe~le rats. 

Single-Dose Oral Toxicity (LD50) in the Mouse 

TATB 

~one of the male or female mice treated orally with a single 5-g/kg 

dose of TATB died. All ~le mice had a rough hair coat during the first 

4 days posr-rrearment, bur the coat returned to normal thereafter. The 

females showed no adverse effects throughout che study. 

All animals sceadily gained weight throughout th~ study and revealed 

no gross abnorm~lities at necropsy. 

Tne oral LDSO for TATB in mal~ and female mice is greater than 

5 g/kg. 

None of the male or female mice that received 5 g/kg TCTNB as a 

single dose died. All animals appeared to be normal th~oughout dosing 

and during the. post-t:reat:menl:. observation period. 

The animals steadily ga~ned weight throughout che scudy and 

revealed no gross abnormalities at necropsy. 

The oral LD50 for TCTNB in male and female mice is greater than 

5 g/kg. 

14 
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TCB 

Table 2 summari7.es the oral toxicity of TCB in.corn oil to male and 

female mice. Observations included kough hair coat.~ passive tremors, 
---

- de{>1:'es.sj.9Jl_, __ inactivity .• __ pr:ost_ration, persistent tr~mors, coma, a.r.d 
0

w• 
0 
,.,.-------·-·-•-

0 

eventually death. All animals thar. showed signs orh~r than just rough 

hai~ coat eventually died. neaths occurred between 22 and 288 hou-rs 

.. ou-rs after treat:nent. Surv.ivo-rs appe<1-r<1d to h<we norm<~! body weights and 

normal behavioral attd physiological responses approximately 48 hours 

after tr~atment. 

Necropsy of all survivors revealed no gross abnormalities. 

P~ima~ Skin Irritatio~ 

TATB caused a minimUm amount of edema in one of the siY. tre~ted 

rabbits at the 24-hour_reading only. The total primary irritation score 

for TATS was 0.04. 

All six rabbits treated with TCTNB showed edema at 24 hours, with 

two rabbits :;~lso sho"l"ing erythema. Only t"~oTo rabbits showed erythema 

and edema at the 72-hour reading. The total primary irritation score 

for TCTNB was 0.67. 

The TCB-t:reated rabbits all showed erythema and edema at the 24-hour 

r~~din~s. and only three showed e<ythema at the 72-hour reading. The 

tot~l primary i-rritation score for TCB was 0.88. 

The prim8ry ski~ irrit3tion studies showed TATB to be nonirritating 

.(l~d TCTNB and TCB t:o be mildly irritatL•<.; to the skin. 

Eye Irdtation 

Tables 3, 4, and· 5 summari7.e the ey~ irritation responses for 

TAIB, TCTNB, ~nd TCB, respectively. 

l5 
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I~rication was obse~Qd in ~onjun~tival and iris tissues only. All 

thrc~ rabbits in the no-wash and 5-minute w<:~sh groups showed circum

cornP.~! inje~tion around che iris at the 1-hour reading. This condition 

persisted for 3 clays·in en~ no-wash group. Occasional circumcorneal 

injection responses we~e noted in individual ra~bit~ at all t~eatment 

levels, but all effeces involving the iris had disappeared by day 4 

~fter treatment. 

Conjunctival responses were observed at all treatment levels and 

generally i.nv.:>l ved mild redness, chemosis, and discharge.· The tt"eated 

eye of all rabbits in the 30-second w<'.sll group had t:eturned to normal 

~ithin 24 hottrs, whereas the treated eye of rabbits in the 5-minut;e 

wash group did not ~omplctely c.lea.r until day 4, and the no-wash gy;oup 

was not judged normal in response until day 7. OVerall, the degre~ of 
eye irr~t~tion caused by TATB was milo but transitory. 

TCTNB ceuscd it"ritacion in all three ocular tissues, althougn the 

degree varied among individuaJ. rabbits. 

No corneal damage was observed in t:abbits that re~eived a thorough 

eye wash 30 seconds after compound instillation. However, two of the 

thre0 r~bbits did show occasional circumcorneal injection. Redness, 

chemosis. and discharge were observed in all rabbits. The above responses 

were transitory, and the cy~s of :J.ll rabbit:s in the 30-.;econd wash group 

had returned to normsl 7 days post-treatment. 

Two rabbits in the group th~t received a thorough eye wash 5 minut:es 

after compou~d instillation showed mild corneal opacity at the 4-hour 

reading. All three rabbits in this group showed some cir~umcorneal injection. 

Redriess, chemosis, and discharge were observed in all rabbits, ~ith one 

continuing to show r:hese symptoms through a 23-day observation period; 

r~adings were not: ~ontinued beyond this 4-week period. 

The treated eyes of all three rabbits in the no-w~sh creat~ent gt:oup 

exhibit~d maxi~m swelling during the I-. 4-, and Z4-hou~ readings, thus 

16 
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preventing us fr~ accu~ately scoring the cornea and iris tissues. 

Readings of the cornea. iris, ~nd conjunctival tissues remained at 20 

~o 50% of maximum scores throughout an ext~nded 28-day observa~ion 

period. Because of the persistent damage in all th~ee occular ~issues 

ex~mi~ed, the overall degree of ~ye irritation caused by TCTNB ~as 

severe. 

TCB caused i~ritation of.all three oceular tissues examined. No 

corneal damage "W"aS observed in the 30·-second and 5-minuta t.Tash treatment 

groups. but a minor effect was observed in the cornea of the no-wash 

group. The corneal tissues had returned to normal ~ithin 3 days. Occa

s.ional circumcorneal injection was observed in individual rabbits at all 

levels, but all effects on the iris had disappeared by· day 4 post-

treatment. 

Conjunctival responses were observ~d at all t<eatment levels and 

generally involved varying degrees of redness, chemosis, and discharge.· 

The eyes of r:he rabbits in the 30-second 'Wash group had returned to 

normal within 24 hours, but the 5-~inute Yash group was not normal unril 

day 3, and the no-wash group did not return to norr.~l until 7 days 

post-treatment. The overall "degree of eye irrjtation c~used by TCB 

was m5ld but transitory. 

Skjn Sensicization 

Careful review of the data ~ollected fro~ each guinea pig in eaeh 

treatment group indicates that all challenge injections for all three 

compounds were within the limits of reactions recorded during the sensi

tizing period. 

The guinea pig skin sensitization study did not sho"W" TATB, TCTNB, 
--------- .. . . .. . . ·j' 

or TCB to be s~nsici?.ers. 
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In Vi~ro Xutagenesis/Carci~ogenesis 

S. tYph;i;murium 

Table 6 presents the r~sults of the microbiological assays with 

the five ~- cyphimuriun strains an~ ~· coli strain WP2. ~one of tne 

compound~ was mutagenic cowa~d any ot the strains of bacteria tested. 

TCTNB was more to~ic than TATB or TCB at the higher dose levels. 

The DM$0 sohttions of TCTNB chan:.;Qd color, pr(1grcssing from clear 

to bright yellow over a few hours. ~e do not know what chemical reactions 

may be involved in this color change nor whether mutagenic properties of 

the compound are affected. 

S. cerevisiae 

Table 7 presents the results for mitotic recombination in ~· cerevisiae. 

TCB increased mitotic recombination in these assays. A clear positive 

response is indicated by a more than threefold increase in the absolute 

number of recombinants (mitotic recombinants p~r milliliter) as well 

as in the rel~tive numb~r of 1ai~ocic -r:ecombinants (recombinants pex- 105 

survivors). Such a response was not consistently present in the assays 

wich TCB, and a dose-related response was not obtained. Although a large 

cnoogh increase in ~ecombinancs was seen to indicate that TC6 is mutagenic, 

the iPCrease in mitoti~ recombination was Slight CO~pared With the positive 

con~co1 (1,2,3,4-diepoxybutane). 

~eicher TATB nor TCTNB ~s muLag~nic in ~- cerevisiae D3, but the 

lat~er compound was toxic to the yeast; survival of the organism was 

less than I% when the concentration of TCTNB was 0.004%. The orde~ of 

toxicities of the compounds is TCTNB > TCB > TATB. 

As shown in Table 8, TCTNS d~onstr~ted a prefer~ntial killing of 

the rcco:abination-deficient ~- subtilis strain M45, although little inhi

bition of th~ parent strain Hl7 (rec~) was observed. This presumably 

indicates an ability of TCTNB to cause damage to DNA that cannot be 

repaired in th~ rcc- B. subtilis eells. No zone o~ gro~th inhibition by 

18 
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TCTNB was observed in chc repair-deficient ~· coli strain p3478. No other 

toxic effects related to DNA repair were seen in the assays with TATB 

or TCE in the E. coli or B. subtilis strains. - --

Inhalation Studies 

TCB 

Eight male and eight female rats were exposed to TCB. During the 

exposure three rats appeared to be sali~ating. As the exposure con

tinued, some TCB w~s seen to crystallize on the ~hiskers and fur around 

the animals' noses. All animals appeared to have some mild irritation 

<lround the eyes. After the exposure, no mortality or toxic signs were 

noted, and the <tnimals appe:.lr~d to be no't"mal ov<i-r the next 14 days. 

Ho~ever, during the 2 weeks after exposure, the weight gain for the treated 

animals was slightJ.y less than that for the control animals. At autopsy, 

the prominent findings were mot~led kidneys in seven males and three 

females, focal h~~orrhag~, and lung ~ongestion. However, because these 

findings also were present in the co,trol group. they probably are not 

~ttributable to treatment. 

TATB 

Ten male rats were e~posed to dust aerosols of TATB for I hour at 

an an~lytical concentration of 212 ~ ·41 mg/m3. Only m~le animals were 

us~d for th~se ~xposures be~ause earlier oral toxicity studies had 

shown that TATB was equally toxic to ~ale and females• During the 

exposure, no toxic signs were observed, although the animals' faces 

and noses were covered with yellow pouder. No toxic s~gns were noted 

after the exposure or during the daily observation thereafter. The 

weekly weight gain of the test animals was comparable to that of the 

controls. Autopsy revealed some lung consolidation and congestion with 

focal al:'~as of hemorrhage tlwt were more pronounced in the treated 

animals than in the controls. 

19 
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TCTNB 

Ten male ~ats ~ere exposed to TCTNB. Initially,-~e attempted to 

generate this compound as a dust. However, the agglomeration of the 

particles made this impossible. Therefore, a.60-minut~ aerosol inhalation 

exposure wa~ conducted using a 10% solution of rcTNS in DMSO. The 

analytical chamber concentration of rCTNE Yas 684 ± 390 mg/~3 - During 

the e~pos•lre, the .Jnimals ~ere quiec. Neal;" ~;he etld of the l--~1our 

exposure, two to thr~e animals appeared to ~e experiencing respiratory 

difficulty. When they we1~ remov~d from the chamber, almost all the 

r:<1ts were in respiratory distr'ess. Three died within 2 hours after the 

end of the exposure, and all the remaining animals died within 24 h~urs. 

These animals were not autopsied. 

The DMSO nominal concentration during "this exposure was 6.15 g/m3. 

Recently, ~e exposed rat$ to 4.2 g/m3 of DMSO for 2 hours ~aily for 8 

consecutive days and o~served no toxic signs. (The acute int~avenous 

LDSO of DMSO in ra~s is 2.5 g/kg.) Th~r~for~, ~ha~ DMSO con~~i~uced 

direct~y to the_TCTNB toxicity is unlikely. 

Table 9 summarizes ~he body weight d;ata collected.tltroughouc che 

inhalacion studies. 
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Table 1 

.• .::UTE. ORAL TOXIC1TY OF TC'8 TO F.I\STED 
MALE AND FEMALE RATS USING CORN OIL AS A VEHICLE 

Dose No. of Dead[ Time to Death 
.(mg/kg} No. of Treated (hours) 

Male 1250 3/10 21-45 
2:>00 7/10 24-240 
3750 10/10 45-70 
5000 10/10 24-48 

Fe:nale 1250 0/10 
2500 3/10 24-74 
3750 9/10 45-96 
5000 10/10 24-73 

* 95% confidence limits. 

Table 2 

.!\CUTE ORAL TOXICITY OF TCB TO F.I\STED 
MALE AND FEMALE MICE USING ~0RN OIL AS A VEHICLE 

Dose No. of Dead/ Time to Death 
(mg(kg2. No. of Treated ~ho.trs2 

Male 1250 0(10 
2500 4/10 24-72 
3750 5/10 22-46 
5000 8/10 45-120 

Female 2500 0/10 
3150 5/10 46-288 
3969 7/10 22-70 
5000 9/10 24-192 

~95% ~onfidence limits. 

21 

IJ)50 
(mg/l<g) 

1800 
(12)6-2664)* 

2800 
(2295-3416)* 

LDSO 
~mg/!$l 

3350 
(2245-4590)* 

3402 
(3026-3825)* 
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Table 3 

SUMMARY OF EYE IRRITATION RESPONSES 
I~ RABBITS TREATED W!TH TATB 

Three Rabbi~s per Wash Condition 

Average lrrite~c1 Score 
Tissue Washil'lg Hours Da:z:s 
Graded* Condit: ion _l _ _.L 1 2 3 

Cornea 30 sec 0 0 0 0 0 
Iris 30 se~ 0 1-7 0 0 0 
Conjunctivae 30 sec 5.3 4.0 0 0 0 

Cornea 5 min 0 0 0 0 0 
Iris 5 min 5.0 0 0 1.7 0 
Conjunc~i'lae 5 min 1.7 2.7 2.0 2.0 0.7 

Corne .a No wssh 0 0 0 0 0 
Iris No wash s.o 1.7 1.7 1.7 1.7 
Conjunctivae No 11rash 4.0 2.7 1.3 0.7 0.7 

* Ma.:leimtlo corneal response = 80 
M.a.J<imum iris response = 10 
M.axi~num conjunctivae response "' 20. 
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SUMMARY Of F.YE lRR.::TATION RESPOXSES IN RABlHTS TRJ•:ATP.O WrTil TCNB 
Th rce Rnl>bits per \,•ash Condition 

·-------AY~~_lr!!f_<!_ncy Sco1·e 
Tissue !fours \:lashing 
Gradeu* Condition 

- Days 
1 I, -1---}--i 4 7 8 2. lQ. 

Cornea 30 sec 0 
Iris 30 sec 0 
Conjunctivae 30 sec 8.0 

Cornea 5 ntin 0 
Iris 5 min 5.0 
Conjunctivae 5 min 9.0 

Cornea tio ~<Mh -t 
Iris No wash 
Cilnjunctiv11e No wash 16.0 

* Haxiroum corneal response ~ 80 
Maximum i~is response • 10 

0 
1.7 
7.3 

3.3 
0 

12.0 

H 

17.3 

MaximtJm conjunct:ivae response • 20. 

0 
3.3 
6.7 

0 
1.7 
9;) 

-
-

t Eyes swollen 9hut--imposs1ble to score. 

0 0 0 0 
0 0 0 0 
2.0 2.0 0.7 0 

3.3 J,J 0 0 0 0 0 
1.7 1:7 0 0 0 0 0 
8.0 8.0 4.0 3.3 It ,0 2. 7 2.0 

13.3 10.0 10.0 33.3 53.) JO.O 31.7 
5.0 5.0 5.0 J,J 5 .o 3.3 3.3 

18.0 17. J 1), 3 11.3 l2.7 10.7 ll.J 

1l 

0 
0 
2.0 

4L7 
3.3 

11.3 

ll 11 .!!!. ..?l .?.§. 

0 0 0 0. () 

0 0 0 0 0 
2.0 2.0 2.0 2.0 2.0 

35 .o 35.0 35.0 13.3 13.3 
3.3 ).J 3.3 1.7 1.7 

10.7 8.0 8.0 4.0 2.7 
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!able 5 

SUMXARY OF EYE IRRITATION RESPONSES 
IN RABBITS TREATED ~ItH TCB 

Three Rabbits per Wash Condi[ion 

Avera&e Irritancy Score 
T:5.ssue Washing 
Graded* CondiUon 

Corn~a 30 sec 
Iris 30 sec 

. Conjunctivae 30 sec 

COrnea 5 min 
Iris 5 min 
Conjunctivae 5 min 

Cornea No -wash 
Iris No wash 
Conjunct:ivae No loYa$h 

* Maxim~m corn~al response ~ 80 
Maximum iris responsQ = 10 

Rours 
1 4 

0 0 
0 1.7 
2.7 4.0 

0 0 
3.3 0 
Z.7 4.0 

0 1.7 
5.0 5.0 

13.3 lLO 

Maximum conjunctivae response = 20. 

24 

Daxs 
.!. 2. l 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0.7 1.3 0 

3.3 5.0 0 
1.7 3.3 3.3 
4.7 6.0 3.3 

4 7 

0 0 
0 0 
2.0 0 -
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,ill VITRO J\SSfll'S ',:Jllll Fm: ~AI.~~ :!!!2~!llilli STM!MS MlD ~9!M .£>!!. S1'RA(N WP2 

~VOJ"I)Eu :"WII>Or ot Rovol'tlln ta !!Or PI a to 
>11Cl'Ogra11S · Tn•ptoplian 

Y.etaboUo ot Co"'"ound lli!l t.1d1no Mvort~nts l!~ve;• tents 
Cor::. pound AC ~Jva ~ion Added pol' Ph to T/11~35 ~ ~ ~ ~ ~ 

X~gat1vo control! - 23 10 1•1 29 160 7CJ 

+ 17 11 24 57 1~6 81 

foa!tive controls 
e.~)>rop:\olac tone - so 680 

9·AI!Iinoacr idi ne ~ lCKl >2000 

2-Nitrofluorcnc - eo 310 

2-Anthr ;telne - 20 40 160 7'2 
+ >20()0 >'2000 1170 

res - 5 11 8 12 -14 11!1 7:> ,., .... - lQ 28 9 18 39 142 60 
50 24 12 13 :){) 133 51 

100 17 5 10 23 120 18 
500 l() 5 9 l6 8'2 49 

1000 7 4 9 22 112 bl 
2500 10 6 6 1!1 1~2 58 
rooo 8 5 10 16 10~ of7 

+ :1 11 13 '23 ;11 171 87 
+ 10 16 17 20 43 1~3 .85 
+ 54 18 I] 20 32 1GB 68 
+ 100 17 9 21 32 1'12 61 

+ ~00 a lO 11 34 100 £>9 .. ]1)0() H) 9 11 25 tU 12 
+ 254() 10 4 18 29 ll4 52 
+ 5000 16 :l 1() 32 125 EJ•I 
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Table 6 (conclude~) 

~Ucrogrnrr~s 

)llllebo1ic ()f CQnpOUild 

ACUVDtlOtl Added t>01' l'b to 7AlS3$ 

5 21 
w lO 26 - 50 27 

- 100 21 
- 500 4 

1000 3 
2~0 6 
0000 0 

+ 5 16 
+ 10 1.3 
+ $() \6 
+ 100 H 
+ 500 4 

+ 1<100 5 
+ 2500 () 

.... 5000 () 

- 5 -41 
10 30 
so 32 

100 30 - 600 40 

- 10{)0 21l 
2500 31 
5000 33 

+ s 23 
.j. 10 20 
+ 5() M 
+ 100 22 
+ 501) 20 
+ 1000 18 
+ 2500 20 
+ 5000 ~ 

/IYcrage Nunber of l!evol·ttmt!l peT Plate 
·- 'l'l'yp topli.an 

ICiS u cun:e Rc vcTtan u R~verbnts 

'1'AU37 ~ TAM TAlOO ~ 
8 Ul 20 156 74 
8 15 21 l2G 56 
5 ~ 11 69 41 
2 1 9 S2 (1 

2 ll () 32 20 
2 2 4 20 18 
~ 2 1 15 10 
() 0 1 7 12 

8 21 31 155 78 
13 25 39 164 87 

9 20 20 83 79 
7 16 20 65 H 
2 3 8 2~ 27 
2 " (l 22 20 
2 2 4 18 21 
0 0 3 12 H 

u lS 2S ll;l 
7 12 32 12G 81 
7 13 25 H8 93 
8 16 21 148 78 
s !J 2!1 14G j)l) 

10 l'l 2S 12!> 69 
8 g 28 162 M 
8 ).1 30 125 87 

7 }!) 3·1 128 
9 2S 25 151 91 

10 22 •f2 138 100 
7 20 39 132 87 

\3 21 31 145 88 
6 l7 35 13-9 8S 

·s lG 27 143 a a 
G 15 33 113 9•\ 
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~ ~ ASS.WS WI711 SACCitAlt!»l\'t::t:S CE:REVISHt: D3 l 
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t 

o>orcent Survidng Cell& Reeonbin~nts JleC()Q)binants I &xper, ).I.O~AbOl!C Conc:ontratton per Mllli 11 tor Porccnt per )llllil1tcr per 10~ 
Ko. Co!lt\OUnd Act 1\•auon {x/v or v/v) ~2-- Su~·vivors {x l<J~3~ survivors 

Jieg~t!vc c-ontNl - ?,9 l(JO 5,5 7.0 
+ 7.7 100 1.() 5,2 

1,2,31 4-Diepoxybutano - -o.oa 8,1 106 62i 1860 
+ o.os 1,0 '51 <17u 3000 

T.hTB " 0,05 6,7 uo 7 a.o 
0.1 s.e 10!) 4 <1.7 
0.5 8.4 106 G 7.2 
1.0 9.1 115 5 -5.5 

5.0 9,3 llB 12 12.9 

+ 0,0:5 7,2 !J.1 9 12.6 
+ 0.1 7.8 101 6 7,7 

"' + 0.5 6.8 88 ll 16,2 ..., 
.... 1.0 5,9 77 ~ 8,5 
+ s,o 7.~ 96 o1 5.4 

2 Negative co.ntrol - s.s 100 s 9.1. 

+ ~.7 100 <1.5 7.9 

11 213 1 4-Dio9oxybutano - 0,1 Q' 018 0,3 'fDxlc 7oxte 
+ 0,1 6,5 118 !>43 1300 

'fA 'I'll - o.~ 5,9 107 6 10.2 ll -" 
0,8 5.3 06 8 15.0 
1.6 6,3 \15 7 ll.l 
2,-\ II,D 107 5 8,4 
oi,O 4.G 84 9 l!~.s l'i 

+ 0.4 5.0 88 G 12.0 
+ o.e (,8 8-\ 6 12.-t 
+ 1.6 4,9 96 s 10.1 
+ 2.1 <t,7 82 2 4.2 
+ ~.o ~.9 10•' 5 8.4 
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Table 7 (eontlnu~d} 

Percent Sllrvlv!nc Cells kccomb~na.nts lle eonbi nan ts 
Exper. ~lotabollc Coroccn t1•n tion per ll111111ler Percent per ~1111111 ter per 10~ 

~ Co11pountl Acth'atlon {:x/v or v/\•) (x 10-1 ) Survivor$ r~ 1o-,) Surv1vors 

Negatlva control - e.5 100 s 9.1 ' ( 
+ 5,7 100 -1,5 7,9 

l, 2, 3, 4 -Pi epC>xybu t.a l'\e - 0,1 0.018 0.3 Toxlr. To1<te 
+ 0,1 6,5 \18 813 1300 

TCTlill - ·o.ooo4 5,2 9!) z 3.~ 
o,oooe -1.e 82 l 2.2 
o.o~H 0,006 0.1 Toxic 1oJC1e ~-· 

0.008 0,011 0.2 Toxic 1ox1c 
0,02 0 0 Toxic 1'oxlc 

+ 0,000-1 11.2 91 4 7,7 
+ 0,0008 5,2 91 4 7' 1 

"' + 0,00-t 0,022 0,4 ToXlO Toxic 00 
+ O,OQ8 Q 0 Toxic 'toxic 
+ 0,02 0 0 TOXic 1'oxla 

2 :Heg&tlve ccmtr<>l - 4,1 100 3.0 6.4 
+ 4,5 100 2.11 S.G 

1,2,3 1 4-Diopo~ybuta.no - 0.1 0.8 17 48~ 5800 
+ 0, 1 4,4 98 625 1400 

'l'CTNB 0,00006 4.~ 1M 3 6.2 ll -
0,00008 4.5 Do 2 4,4 
0,0002 4,8 102 3 G,:l 
O,OOM 4,G !18 G 13 

+ o.oooos s.z 116 5 f),1 
+ o.ooooe 4.8 107 <1 <2.1 
+ Q,OCIOZ 4,6 102 () 13 
+ Q,OOIM 5.7 127 3 5.2 
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'hblo 7 (concludc\1) 

Percent SUl'VlVlng Cnll» 
!:~per. }/<HAI:>OlJC Con<:en t rn Uon per Mlll111 te~r PcrQont 

_1!2..!- Cotl~und .let1vcUon {x/v or v/v) (x 10~ 1 ! Sul'V!Yors 

3 ~ogatlve control - 4,7 100 
+ 1.5 100 

J ,2, 3 1 ·1-Diepoxybut~nCI - 0.1 0,8 17 
+ 1},1 •1,1 98 

TCB - o.oe 1. () 21 
0.03 1,0 21 
0,,, 2.0 43 
O.G 2,1 $7 
1),8 1.7 3tl 

'"' + O.OG 1,0 22 
0 + 1).08 0,9 20 

+ O.o1 1 ,{ :ll 
+ 0,6 2.6 58 
+ 1},3 2,8 82 

··-.}.· 

Roc:o~:~btn11nta nocanblnMta 
\'Cil' l!ill1l1ter ~r 10$ 

(:x 10-~) Sun1vou 

3.0 O,,f 
ll,$ ,,G 

43$ !>800 
62$ 1400 

1 !),8 
1 LO 
1 20" 
1 ~,1 

3 17 

o\ ag 
3 :15 
9 64 
(l 2:J 
8 28 
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Tal>le 8 

DNA REPAIR ASSAY 
(Av~r~ge Size of Zone of Inhibition in Millimeters*) 

E. coli 8. subHlis 
.com2ound Dose (1!&2 . W3IIO p3478 !!11. M45 

Nit:roso- 20 16 24-+27 13 27 
guanidine 

40 18 2.6-+29 20 38 

l-Phenyl-3~3-
di~ethyt-~~iazene 1000 32 76 

Chlo•amphenicol 20 21 21 20 28 

TCTNB 10 7 21 

50 7 22 

100 7 

500 7 

1000 7 

TATB 100 7 

500 7 

1000 7 

TCB lOO 7 

500 7 

1000 7 

* Size of filter disc is 7 :nm. 

31 
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Table 9 

BODY YEIGHTS Of RATS BEFORE AND AFTER 
A ONE-HOUR INHALATION EXPOSURE TO ATMOSPHERES OF 

TCB VAPORS, TATB DUST, OR TCTNB AEROSOLS* 

32 
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