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~ Groups of 10 male and f e,nale rats were c/posed to aerosols o~ -Oc t (an
insect repell ent) 6 hours per day , S,4~ys per week , for 13 eks at conc ert’
tior~ of 1. 5’~° —i ~ (1/4 ICSO), 750 mg(mJ(1/8 ICSO), 25(’~ .~ (1/24 IC C ’ ) ,

cha~bpr ai r . ~‘n ts were given balanc’P ’ tactile sens itivity and endurance t r ’~during weeks 2. 4 . 6. S , 11 , and 13 of the study. !)urlng the 13th week , thn,
were also c~1ven memor~ , learning and activity tests. The results of the battery
permitted ~‘c 1 n ct 4-~’s to be made among performances at all three levels and
controls ‘or both -~les end females. Results of most tests repeated throughou 
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~~~Item 20. A~stract (continued).

the stud y changed In various ways as the study progressed . ~o toxic si~ ns
..ere observed In the parti cipants when behavioral tests were carriI~ out ,
and none died durin g the study . No gross abnormalities were e~ider~ u r’c n
necropsy at the end of the study , and groups of the same sex ~~~~~ 

I

statisticall y simi lar In weight. Results of hematologic , histopat holog iL .
chemical , and ph ysiological tests will be reported separatel y. ‘

~~ 
(‘anges

in use of M-Det are recoemended until further tests are run by other labora-
tories testing l ower concentrations.
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SUB~hC T :  Phase i Behavioral Effects of Subchronlc Aerosol Exposure to
N ,N-Diethy l-Meta-Tolu&nide (M—Det), Study No. 75-51-0034-80,
February - May 1~~~’Y

Execut ive Sec retary
A r ’~ t~~ Fi rcec pest Control Board
Forest Glen ‘s y ct IOn , WR AMC
Nt shi’ ;t n , DC .~aO12 —

A ~~~~~‘y~~ry  :~ rc.. 4 l t’  and co nclus ion s ‘
~~ the inclosed report follows :

;rou;~s 3 ‘~a l e  j n ci  10 fenale rats were exposed to aerosols of M-Det
( a n  ‘nsec t repel lent)  for t hours .er  ~luy ,  5 days ~er we s ’~ • for 13 week s at
C~ ncn~~t r .at1o nS ~if 1 ,~~ ’ ny . m ri3 ( 1 4 L ( ’

~f l :  , 750 rng/& ( 1/ 8  LCSO ), 250 mg/ rn3
(1 , 24 LCSO ) , or ch~~ber d ’r . The rats were given balance , tact ile
sen siti.~~y and endurance tests l u n i n ;  weeks 2 , 4, 6, ~~, 11 , and 13 of the
St~~iy .  During ‘r1~ 13th week , they were a l so g1~ en nernory , learning and
ac ’i.it y tests. ‘ he  resul~~ u~ the battery ,4 ? ’ i t tPd dis t inct ions to be made
~~~ . r ;  • ‘ 5 ’~~~~~ , I’ ~~,5~~~~~~’ at  ~ill three leve l s and COn~ rol s for both nales and
‘ s~~i~ e5. ~e . ’ 4 l t s of riost tests n ’ , s ,ted throughout the stud y changed in
,ariuL ~s ways as ~ s tu~ , ; ro ;res sed . Mo t o x i c  s ’g ns were observed in the
~ar t ici; ~aflt% when behavioral tests were carried out , and none died during the

t s .~~~. ‘~o ;r 55 abnorm al’ties were ev ilent upon necrop sy at the end of the
• ~~ ; r  ,~ o’ the ~~~‘1e sex renam ed s at ’s’i ca ll y s’ nm lar in weight.
ts ‘ ~-~.~-‘~‘ logic , h m s t o ~~,tb ol~~;ic , chenical and ;h ysi olog ica l tests

w i ll ~~s ’ reported separat .ly. ‘~o changes in use ~ M—De t are reconinended
.,n til further tests ar.~ r u n  ~~y other l aborator ies testing l ower concen—
~~ ‘ I’ l O f l S .
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PHASE 3
BEHAVIOR AL EFF F CTS 9f S~IE~CHI~~NIC AEROSO L EXPOSURE TO

N .N—DIEJ HYL-META- TOL .UAMIDE (M-DET) t
STUDY ‘~O. 75—51-0O34- ”~O

FFBRUARY — MAY ~ Q ’ q

1. AL’~HOR TY .

a. Memorandum of Understand i ng between the US Army Enviro rvnental Hygiene
Agen cy ,  the US Amy Health Services Coninand; the Department of the Army,
Off ice of The Surgeon General ; t h e  Armed Forces Pest Control Board ; and the
US ~e; Irtrment of Agr iculture , Agricul tural Research , Science and ~ducat i on
Ad ” ols trdtlonS . titled . Coord i nation of Biological and Toxicological Testing
of Pestic ides , effective 23 January Iu’9.

b. i t s r , AFPCB , A rried Forces Pest Control Board , 17 March 1977 ,
Subject: ~nr ig i str a tmo n Data for ‘~,~ -Dieth yltoluaziml de Reppel lent.

2. RE FEREN CI .

a. ~e~ort , SAEi’4P~-L’, this ~s~ency, 11 October 1974, Study No.51—O51-73;’S , De.slo ~~cnt of an E ffi cient Test Sys en for Assessing
Behavioral Effects of Exposure to Chemical Com pounds , oovember 1°72 -
Novt ~m ’bs’r I q 73•

b. Report , HS[—LT/~~’ . •
~~ 5 Aqt ncy , 8 U jy 1Q79 , Prelirri nary Behavioral

As.essrent of o a b m t u a t m o n  to t~’e nsectic m de Permethrin , Study No.
15—5 1— D O . ’ ’— ;  , A .;i s t — Oct rv r 10.9 .

c. 1 e;ort , HS[ -L~ .~~~, ~iis A ;ency , 14 November 1 9° , Tox icolog ical
Ass e ssrwnt Proy r l  ~~~~ u. ‘S- ” I -  34-~~ , Behavioral E f f ec t s  of Acute
Aer oso l xposure to ‘~,~

_ Diethy l_ Met a_ T oluarnde (M—De t) ,  January - February
19’ ° .

The ex erirnents reported her~ In were conduc’ed accordinq to the A Gu ide for
the Care and ‘ ci of Laboratory ~nm ’,a ls ,” I’S ~epartrnent of Health , Education
and .~e1fare , Publ icat io n ‘~o. (‘sIH ) 7q-7 3 , revised 1978.t ~b iS study was ‘erforrled in animal fac ilmflec full y accr edited by the
&‘-~,‘rican Associafl on # lr Accred itation of Laboratory An mn al Care.

~~~~~~~~~~~ i ? r j  61’ r~Tia ~T~IrT~utlon unlimited ~~
]
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Study No. 75-51-0034-80, Feb - May 79

d. Report , HSE-LT/WP , this Agency , Phase 4, Inhalat ion Toxic ities of
N,N-D iethvl-Meta-To ’l uamide (M—Det), Study No. ~~-~ 1-OO34-BO , January - May
1979, In preparat ion .

3. PURPOSE . To determ ine whether a battery of behavi oral tests could detect
changes in rats exposed ~ur 13 weeks to aerosols of M—Det (an Insect
repellent). The tests ;‘rovided support for the standard physiological ,
chemica l • and observational measures carried out concurrentl y with the seme
rats.

4. BACKG Th~~P. he Toxl col .-9jy Di vis i on , US Army En virorvnental ~1ygiene
Agenc y (USAE~ .), is eval uating the effects of subchronic aerosol exposure to
M-Det (paragra ~ h 21). wit h the exception of our acute study , previous
stud i es of M—Det have not addressed themselves to it~ behavioral effects
(paragraph 2c).  As behavioral effects were found in our acute exposure
study , beha vio ral nedsures appeared to be warranted in the subchronic study
and were carried u~ t concurrently w ith the stand ard chemi cal , Ih ysica l . and
observat ional tes’s using the same rats. The results of the nonbeh avioral
tests are repor~~.: sep ar atel y (pa ragr aph 2d).

5. PROCEDURE.

a. Rela hIri S Pm I~ o the 11 ~~ ud y .  The procedures described here are
only those a~-~ ~ ~t- e to t b ~ t~’ha~ ~or it a r t s  of t he  study . The ful l
S~ hchro fliC st incl u d ed ther an im als and ti jIl iqu es wh ich did not affect
it s behavioral as ectS. ~~b e c e  procedures as we ll as ani m al ‘mar~ iny and care ,
the test ma teria l , details of the chambers , and sariplin q methodology are
descri ~-e~ in t hi  rep o rt o’ t hi ent ir e s’ dy (paragraph ~d)

b. £ posure urouj~s and_Procedures. Four groups of 10 males and 10
female rats were ex; ’sed for 1T~ eek s ‘0 hree aerosol ConcentratiOn s nf
‘~-Det plus a~ ai r- ‘~y c~ ~~~ control . 1 11 rats w x i ’ *~ k ept in s mni lar

• chambers for - hou rS  uer d i v . 5 days  ~er we , ’ . M-De’ conce ntrat ions averaged
about 1500 ~

q “° (14 LCSO), 50 mgfnø (1/8 LCSO). an i 2~ fl myr3 (1/ 24 LCSO).

C. T x ~ c ’jr~c . The , * r c n i e l  carry i n g  out beha.ioral tests l ooked for
1’ Corr~’n~y usel tr. Ic signs and other abn ’r’,a~ it ies in each rat when they
were removed ~rori ‘ h i  expos .’-~’ cham bers on days t-eb aviora l tes’ ing was to be
done . These si ;n , are ~eccrm b ed in Table 1 . Tox’c signs were also l ooked
0 5 r ~~- r ;  •;r )U~S a 0 ‘ o r every day ’ s cx ~‘o ~~~~~ by the personnel running the
chambers.
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Study No. 75-51-0034-80 , Feb - Hay /9

TA8LE 1. TOXI C SIGNS

r~~ ~~~~~~~~~~~~~~~~~~~~ 
— - —__ - - -

~~~~~ 
-

2. Frequent large swa ll~~ing movements and cou gh ing.
3. Lacrimat lon and eye bulb protrusion.
4. Abnormally frequent urinat ion.
5. Fasc ic u la t ion  (tw itch ing)  - (a) local and (b) generalized .
6. Tremors (shivering) - (a) head only and (b) whole body.
. Eye blink reflex.

B. Hype rreac tivity (exaggerated startle).
9. Prost rat ion .
10. Seizures .
11. Los s of balance wIi ’ le wa lk ing.
12. Frequent or almos t continu ous conflict during active periods.
13. Radi cal changes In the time of act i ve periods .
14. Obvious change s In the amount of overall activity .
15. Gri p strength as measured by resistance to pull from a grid.
16. Eyes_part ial 1% or ent i relj closed . 

—__~~~~~~~~ —_______

d. Beh avi oral Measures . The six tests which proved sens itive to M-Det s
effects durT~ t]~~acute study (paragraph 2c) were used in thi s study. Those
tests, the results ~f which were not lik ely to be s on ificant ly affected by
biweekly repetition , were presented on weeks 2 . 4 , 6 , 8, 11, and 13 of the
study . whi le those tests li kel y to be affected were only presented during
week 13. Because t~ -~’ between the end of exposure and the start of any test
m ay have been c r it i ca l  ( i .e.,  results were likely to va ry with time ), al l
rats i’ each exposure ~r~~,;’ were run throuqi’ each test at the same t1i~~.T hus,  all rats in a grour received any given test with i n a maxinx.jm of 15
minutes of each other , and all groups received hat pa rticular test at about
the sv -c a~-~ ,”t of time after the end n~ the exposure session. The behav-
lora l tes s are described in great deta il in the acute M-Det report (para-
graph 2c). Ti’ ,’ schedul e n~ test present ation is i l lustrated in Figure 1.

(1) Behav iora l Meac~ res Presented on Alternate ~pf$. s (Including Week
13).

(a) Endurance - grip strength.

(b) Tactile sensitiv ity (pain sens itiv ity and react i ons).

(c) Ba !i”cc beam (vest Ibu lar system and coordination).

(2) Behavior al Measures Presented Only During the 13t h Week of the
Study .

(a) ~~j i~~ avoidance (memory).

I

3
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(b) Passive avoidance (post exposure learn i ng).

(c) Ind1v~dual short-term activity (tremors, loccrnot i on).

b. STA T I STICS.  Throu ghout the study , statistical significances among groups
are beyond the 0.01 probability level whenever groups are said to be differ-
ent fr om each other. Differences among groups were tested with analysis of
variance and student ’s ~~ tests when data were normally distributed and
groups had sim i lar var iance , when var iance differed , nonparametric tests we re
used. Pearson ’ s correlations we re used to establ ish concentration response
relat ionsh1~ 3. See pa ragraph 2c for a d~scuss ion of our stat is t i ca l  methods
and reasoning. When grou p means are presented, they are alway s followed by
their standa rd deviations in pa renthesis.

7. RESU ( S.

a. iionbehavtora t_Measures. There were no obviou s abnormalities among
the necropsied rats. and no rats died during the study . The toxic signs
1o*ed for by the personnel ca rrytng out behavioral tests did not show
differences beyrnl the fur of higher concen ’ration groups being disheveled
and disco lored after exposure. At the end of the study, there were no
s ign if icant differences in we ight among any groups of the same sex.

b. ~or 1 Measures Overview . When the results of the ent ire battery
are cons idered , the effects of alT the concentrations could def initely be
dif fe rent iated frcri each ot her , but no one test defin itel y differentiated
among all four levels.  The d if ferent ia l  abi l i ty of the tests and a sunmary
of test results appear in Table 2. ‘he rats showed a definite change over
time with some ear ly differences d i sapp e aring , wh il e ot hers only appeared
towards the end of the study .

c. Behaviora l  e s t s  Given Only at the ind of the Study.

(1) Pas s ive Avo dance. Among males, f iv e controls (ha l f )  failed to
learn to avoid the shock wh ile no low-concent rat ion , one med~~m-concen-trat on . and two Po gh-concentr at’on group rats failed to learn . None of the
‘‘he r var~ables measired were sion- ficant ly di~~fcrent , These data are
survnar1ze~ in Table 3 and illustr ated in fIgure 2.

(2) Qu~ck Avo’dance . During preexposure training , there were no
differences among any group of one sex. Ov~ the th ird postexposure test
“ ria l . male  controls were significant ly slower at leaving the start box than
the low-concentration group which were, In turn , slower than the medium— and
htg h~c - ’~nre~’ ration oroups (t 3.83, 18 OF , p 0.01). The nunter Qf rats
shocked by rer-~a ’n fnq In ‘hi’ s’art box for more ti’1,” 20 seconds para lleled the
ime required to leave. No other variables were significant ly different.

The da”a are surrvnarized in Table 4 and illustrated in fIgure 3.

S
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TABLE 2. TEST MD CONCENTRAT ION DIFFERENTIATION SU*IARY

Lin es between concentration levels Indicate significant differences detected
by a test. A lack of lines indicates no diffe rence. C control (no M-Det),
I • low, M • medium, and H high concentration. For example, c-lnih means
that the control group is different from the low , medium and high groups
which are statistically similar to each other. Concentrations In the acute
study were far high er than those In the subchronlc study.

T EST SEX ACUTI SUBCHRONIC

Endurance F c-i-rn-h cl -rn-h
N cm- i , cm-h , 1-h , nih cln*i

Pas sive F c-lm-h c-lmh
avoidance N clnih c-lu*i

Qu i ck F clni-h c-lmh
avoida nce N cl-nih c-I-nih

Bala nce F c-lrn-h cl-rn-h
N c- u n-h cln*i

Act ivity F clr,i-h clmh
N Cinti cln*i

Tactile F cln*i cirnh
sens it iv i ty  N c -ln*i clmh

6
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Study No. 75-51-0034-80, Feb - May 79

TABLE 2. TEST MD CONCENTRATION DIFFERENTIATIO N SU*~ARY

Lines between concentration levels indicate significant differences detected
by ~i test. A lack of lines indicates no difference. C • control (no M-Det),
L • low . N • medium , and H • high concentration. For example , c-lrT*i means
that the control group i~ different from the low, medium and high groups
which are stat isti cally s irri lar to each other. Concentrations in the acute
study were far higher than those in the subchronic study .

TEST SEX ACUTE SUBCHRONIC

Endurance F c-i- rn -h cl-rn-h
U an-i , cm-h , 1-h , nih clnih

Passive F c-lm - h c-lmti
avoidance W clri*i c-lmh

Quick F clm-h c-lmh
avoidance N cl-nih c-l-mh

Balance F c-lm-h cl-rn -h
N c-lm-h cimh

A c t i v i t y  F c lm-h clrnh
M cln*i cIn*i

Iac ’il e F clmh clmh
sen si tiv ity N c-imti clmh

6
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TABLE 3. PASSI VE AVOIDANCE 
-

‘

- - - 
~~~~~~~ SECOND3’ —

• SECONDS BE I 1ST
OUT OF SHOCK & END • TIME S LEFT o DID NOT

s ix GROu P • SHOCKS SAFE ARE A OF SESSION SAFE AREA LEARN?

N Control 6 (5)  38(31) 29(36) 9(6) 5
N Low 5(3)  24(19 61( 27’  7(5 0
N Med~~rn 5(3) 2 1(13 51(32 8(5 1
N Hi gh 8(5 ) 4 1(26 ) 32(22 10(4 2

F Cont rol 10 4) 48(22) 17 ( 22)  13(5 6
F Low 9 4) 57(30) 35(33 ) 9(5 3
F Medium 8(4) 44 (~ 7 ) 29(24) 10(4) 3
F ~~gh ‘~, 4 ) 46(20 ) 38(25) 1O(5~ 2

Grou p means are presented with their standa rd de~iat ions in brackets.
t Nunter of rats in a qr c~,.;~ of 10 which were ~~ of the safe are for at ‘eas t
S seconds at ~‘e end ~l t h ~~ session.

TA BLE 4. QUiCK AVO IDANCE

• ~~ ‘ ‘ r~~b~ ’ - - r’
~~TAP~

’ 
~‘~‘ TM ~‘c~t k ~ ~ :

~
- RatsJ 1 2 

N C r r r rol 2(2)  4~5) 16(1 1) 4
N Low 5(9) 35) 6(9) 2
N M~diurr 5(9) .‘( l)  2(2) 1
N High 3(2) 3 (3) 2(2)  0

F o”trol 4(4) 3(5) 4(6) 2
F Low 3(4) 1(1) 2(3) 0
F Med ’~’— 2(2 3( 4)  5 7 0
F High 2(3 2(5) 2 3 0

7 
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~~~~~ OF RATS I~ EAC ’~ GROUP .C ~1t ~O’ ~~~~~

6

1.

I’1 %
I’1 %

C

I ‘ ‘4
-. 3 - I ~ ‘4

‘4

• - 1 44
.
4

0 .

I I

CC’~.~~(I .  LL~ ?,ZC U~.

ExPC~~
:,R: Cc; :: .~R.:1c-::

Fiqurp 2. passi ve Avoid~nce
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(3) Ind ividual Short-term Ac ti~ ity . ‘t~ere was no s1gnif~cantdifferences among arty of the groups at any ut ’~ ei of activity . These data are
sumaarized in ‘able 5

d. Behav i ora l lests  ~ iven T hrou~~out the ~~~~
• (1) Endurance. Among fe males . duri n~ the second week of e~; osure ,

al l  groups we re s t a t i s t i c a l ly  s in i lar but , by the  fourth week , a clear
response was evidenced wh~ ch was maint ained to va ry inq ex ’ents throughout the
rest of the study . The rend was unusual in that the low-concent ration group
hung onto ‘he rod l onger than the cc rtro l s in f i v e  c -f the s ix  observat ions.
The difference was sign i fi cant on the 11th week (52 ~s. 4 1 seconds). The
control and low-concent ration tIr~~~;’ . showed a s ign i f i can t  r ising trend in
ab il ’ty to nid the bar w$i ch s tab i l i ze ’ at 6 weeks. The medlum-concen-
trat ion ~rc*4; showed ~j n  

~ncrease ~rcr~ week 2 tc week 4 . but then dropped off
as ~~~~~~ stud y progressed . ‘he high group was stably l~ . (abou t 24 seconds)
from weeks 2 t h rx .~~h -

. and then dropped s~gn i fica nt1 y to a lower level of
about 14 secrn 1’. ~~‘ - c P . r~~~’ne~

j stable f r cv~ week 8 to week 1!. ~ht’ males d ii
n)t show a para l’ ei ~~~~~~~~ ‘ the i r s t  ~t s ’  ~~~~~ 2 ) ,  the hrgh group
held on s )~ n1’ ica ” 1y longer than the ce~n t r c - l S  w ’ t h  the rnedi.~ni and low groups
fall ing togethe r ‘ “  between . By he sii th and eigh th weeks, this trend was
reversed. W i  • t he  co nt rol s holding r l~~nge r th~~n arty other roups . ‘he

trend changed aga~n so t ” i ~‘y 
•r ~” 1 3 . the low d ’.r held ~

- ‘  nqe r than
others, who w~’’~ s I m i l S r i , l~~~~~. 

‘ho s e  t r e n c ~s were pa ra~ ieled by t rends “

the nuivter of r ‘s P’old ’ng o~’ - r  r,- t f - ’ ,ir 30 se nd’ . b~~’u  data are
Sun

~
nari:ed In Table ~‘ and i l1: ’ r,~~~ i -  F igures 4 and 5.

(2)  8ala~ce. Among females , aM ‘~rci~ps were ~i rrrL~’ at the second
week . By the f~~~’ h s r i ’, , fewe r riertcrs ~ the -v’~ i~,r~ g r -~.; moved beyond ‘be
beam s st ~r’ point tha n the ‘ her . By the e ig h t h  week , a clear ‘ rend

— d’fferent~at ing he me-~iur’ C s ’ .’ ‘ -i-~~irg )  ~r~r- the - r ’ r c l  : : t W o rot moving )
and -

~~ (one nc ” ‘~~ v 1 ” ~~) ‘ ‘ - ~~~~ t”i’ b~ gh (n~~ne r’ming ) group was establishe d
and —i~ ”ained for he rec ’ ‘ the s’ -~,.  A l l  c’f ‘h~ feinale r~pn~ers of the
h - ~P’ group r~~v P ,~ ~“ each est whi le th~ I ~ and control groups always had

s cre not -r ovi ng , so th e d ’f ’ r’-~ ’~~o amon~ ‘“o- Is ‘i .’v’ricaily small but
co ns i s t en t . The l -~ and c~ n~rol gr~ .ps cou ’d ~~~ be d l s t i r ;~icbed fran each
other throughout the St~~ri~ t-~y balance meas urrc. The male groups showed a
process i~~i n 4 —~~er f rats not mov ’riq , w i ’h the “~‘c1 1um group ‘r ~ ng least by
the C iq h ’P’  week . The trends in the nulrt,er of r a t S  which w al ked off were the
opposi e of bi)se for the nuntjc r “ct —‘~ -i ng, e~~ ot -t the hrgh c r ~~ ,, could not
be dlfferent’a ed from t”e -~ a’’ c ‘“ r) )  groups even in the later weeks of
the S tudy . Medium group ‘pr~a les rc~qn~~ined at about four wal i lng 0ff thr ough
‘ “ ii Study . w ” i le  ‘Pie ot herS had i.’ reased to about eight t v  the end -

~ the
f . ‘-~~h week . “ r d’ ’fer,nce w as a~~~t a1— i ’ 1  until thp 13’h week when the
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tABLI ~~. UPIORATOR ’v ~C~~1V 1 T ~

Sr i ~~~~~~~~ I VTBRAT~ 3N~ 0 ~~~~~~~~~~ 1~~~t~~~ iU~~ Tt~~1~~U
~~ 10) 

— 
V~ U1’~’ P4iV~ ML hTS 

_________________

U 
~t ro ’ 4 1~’ ( 11S) 73(38 ) 54(29) 3 1

383(130 64 39 31 22 3 10
!‘~ Medium 429 123 50 27 31 15 2 9
‘~ HIgh 434 101) 87 (37 49 18 2 1

F Control 405(140) 79(34 ) 45(19) 1 0
• 436(109) 74(34) 43(26) b 0

39~(106 ) ul (38) 37(18) 0 0
“Mb 349(’7) 89(21) 36(12 ) 2 0

____________________

C~R1P ~~~~~~~~~~~~ • Average ‘so. Seconds ( 4  M ar ij a r d

: s ’ , - .
~
’ ion ) Suspended frr Horizontal Bar

‘TT S’r fr i:

_____ 

2 4 6 H 11 13

U Control -~ (3)  1- ’ (12 )  23 (17)  ~~‘ ( 17)  2? (18) 13 (17)
U 4 (9) 20 ~1t ) 11 ( 4 )  13 (8) 20 (16) 21 (18)
U 15 (10) 2 ~1S)  10 (7) 13 (11) 15 ( 13) 14 (10)

HIgh 20 (1~ ) 17 (22) 12 (13) 10 (8) 12 (9) 16 (17)

F ‘~c n t r o1 1% ~1Y 36 20 4-’ (t) 41 (20) 41 (20 38 (21)
19 • 4 1 ~?O 53 ~9) 32 (22 )  52 (15 40 ( 2 3 )

‘e-~~u~ 19 - i H ~ 33 )~~4 )  i 
~ 2 I )  2~

- (2 1)  •~ 4 (2 0 ) 25 (24)
25 (21) 25 (20 ) 23 (20) 15 (12) lb  ( 1 7 )  14 ( 1 7 )

11



, -
~~~~~•-

-
~~~~

- - -
~~~~~~~
— -

~~~~~
— -

Study No. 75-51-0034.80, Feb - Msy 79

‘-I F

~1
S

I.’ ,.~ 
g

I “~

‘ 
I •

— 
I • 0
/ :
I 

‘‘I

/

/
• U,
• $1

/ —

I ~~~* I ••
• - -- -

J . .• •

I 
—

s,.- . . ) IS,
/ •

. {J) U,~~~

,, •~~~ u 0 ~~~’~~e ~~~~~~~ c c ~ . o  ~~~~~~~~~~

12



— —--— 
5’—

Study No. 75-5 14)034- 80 Feb - May 79

10

h 9 / %
0 I

~
‘
\

•~~~~~ 

,
/~~

I 
~~~~~~~~~I ,

,1, .
.
.

0

0 1 1
2 1)

(F  ~. X P C S L ) f E

FIGURE 5. Endurance - nisiber of fecnaloc In each group holdin g
• onto bar for more than 3(1 seconds,

13

_ _

—-- 5’ — — ~ —- -- -- - - —5- - -•--5’ -’-- -—---••• -’- ‘—— 5’-  -5
~~
- --5-



_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  ___ - 
5,

Study No. ? 5-51- 0034_ 80 , Feb - May 79

control , low , and high groups showed decreases of two, one, and three
an imals , respective l y, w al kin y off. These data are sumarized i n  Table 7 and
Illustr ated in Hgures 6 and

(3) ~ac til e Sens i tivity. Altho ugh all groups of both sexes showed
s1gn i~~ican t decreasing trends in t ine t o  res;ond t o  heat from beginning to
end of the st~d~. there we re no d i f ferences -~n en q  the groups. The data are
sun~narized in ~a h 1 e H .

8. D:~:ussL~’~.
a. ~~~e~ t s  of Chan~~s in Ta~ ’ i ‘

~~
- ~ t n ’ i t 1 v ’t ~ on Other Behaviora l

Measures. 7’he ~ ~tTflcanCTr~’nd or • 
~ r -~~ r~ of al I groups to respon’~ more

quT~fly to h~~ as ‘he Study progres Set ~-r ot~i t- ‘y does ro t  indicate an
increase in ta r • ile s o r s i ’  i v i ’ - y but . rj ’her . that a l l  groups learned that the
faster t hey res po ”  ted , the fas t  or they q ’ t  away rou the di sccr’fort . A
difference in t 5 ~~t i l e  S C r ,S i t i , it .  in ~ 1( h  cont r~ ls were th e least sensitive
would have e ,ol aine ,t t he  cc” rol grours rot lea rn inq the postexposure passive
avoidance task i w e l l  as the • t her ;r~~ ps, becau se they would not have been
as affec’ e’i by the ~ hoc~ . Howeve r, t ’ i s  w~~5 not the c a se .  The high group ’s
f - j r “jy have been w et  ‘er h,jn hi’ ~t “ or ’ . as they w ere  mo re ruffled and
da~~’-lo~~inq t han h~ , o t h e rs . 1 ‘ boy we re  w e t t e r , the’r s~~1n and fur would
have conducted elec~r i ci’ y ‘e ter so tb,’~ w x i l d  ha,e n’er c~r’re sensitive to
t h e shoC~ and rm-”e 5tIn ~

j ’ ,ted to learn . ‘ o w e s er , the h’qh male group did not
learn as w p t l  aS t h e  ! ~ ~nd .~‘di um ~r :~ p5. er”aps w va r~ab les (shock
sensit .l’ y ~r l  e’’ec’ of U~~~e .)  balan ced r~~’ , Difference in s hoc k
sens’t’~~’~~ due ‘ we necs  ‘r - he fact ‘ -s w - 1 1  not have caused the
contr ols —

~ require more • 
-° -

~ to leave the s t a r t  box d i r i n q  the qu i ck
av o- 110cc t r i al s because ‘his waS a memory •i~~ wrh no shock in~ nlved for
“e f irs t 20 s~~~- ’ t s. i r t t ~a l ly  - i l l  the r a t  . ‘ i ; o s o d to M-Det were out of

the t~o~ before th” s” r~ S t a r *’d .

t~. R elat i - ’ s~ ‘ ‘  ~— O wi ’e~ -~ ze and ~e’ ~h t  cii ~ i and Studs ~esults.Ou rin g tht Co~’sr of ~~~~~~ s ’ ~~~~ the ra ’ s O 1 ’ ~~e’1 nor- S d ( ’ r a t d l C  we i ght and size.
The males went frcr’ ~r average -‘ a t . .’ 2 1 gin ( ‘ 0  ‘ 4 )  an ave rage of 471
ge (SO ‘ 2 2 ) .  wh ile the ‘ ‘ -li es changed frc r 113 qr (SD • 11) ‘o 291 gm (SD
11) .  ‘h is  cji4’ ‘o” ;e ci ’ - 

• t , ~ af f o i  sore te’. re~ u l t c . For exanx, 1e, strength
usual l y doe s no ’ ,ncreas~’ p rci i ortiOnatel y w ’th wei~~bt so , as we i gh t
‘nc reases , endura’-~ , r~ d oerfo”- ’ “~~~~‘ should decrease or not inc rease
dra s t i c a l l y .  :n f a c t , t h is  t r e n ’ dii r~-~ appear. An increase i ’ size should
have made t h e  ba ’ i”ce bear, more d if f i Cult to walk across as i t  becane
r e la t i ve l y nar r ~ w .  as s’:e 1 -’creased. However, weight was no~ related towalk ~~nr~ cf~ the t ’ el — . “- .. the increase ~n size and weig ht dur ing the study
did no! j~ op ,r  t .  aff ec t ti’e da’ a in ~~ ohe ous way .
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c. Concen tration Response Order Anomalies . During ma ny repetitions of
the endurance an’W~~iT~nce test , e ’M-’Det-ex posed and control groups could be
differentiated from each other , but their level of response was not In any
predict able order. In the balance test, the medium group was out of place,
while the low group was out of place in the endurance test. These results
suggest that M-Det does not sin ~ ly increase or decrease responses in
proportion to exposure level but, rather . may have an act i vating effect at
low levels and a deactiva tin g effect at higher levels. Thus, typical
dose-response relationships , in which regression can be used to predict
responses a’ doses other than those tested , were not demonstrated for these
l e v e l s  of M-Det exposure . However , many of the test results from the acute
Study (paragraph 7c) showed typ ’ca l dose-response relat ionsh ips at far higher
concentrations .

d. Re lat i o ns h io ~j~f the Acute St,y~~_to the Subchronic Stu~~. The acute
study ( raragra ph ~‘c) found differences among exposure levels for every
behav ior tested in this subchron ic Study . However , the exposure
concentrat ions were nxjch h~gher w ’th the range beIng 4,100 to 2,300 mg/rn”,while the s~Nchro nic levels ranged between 1 ,500 and 650 mg/rn3. Thus, it is
not s~rpr ising ‘ b a t  the r e s u lt s  cii the subchronic study are less dramatic
than those of the ac - i te  study . The init i al measures taken 2 weeks into the
subcPironic Study cannot , of course, be used as equivalent s of low acute
exposure for di rec ’. comparison w’ h  the higher acute exposure levels due to
the pos s~t ’ l i t y  of ha bt tu a t i o n to the che m’ca I as occurred with Permethrin
(paragrap h 2c) and/or cur~ la t iv e  e f fec ts .  That effect s are s t i l l  present at
these low ~e~~ls is st~ l l impor ’ar . The results of the two studies are
cont rasted in F iq ~.ro 2.

e. ~lelat ion sh~p o f L*’lerir~’ri t al Exfosure Levels to L ik e l  Env t ronmental
~su re~~evels . A typ’ca~ ~~-qrar’ aerosol can (e.g.. ationa tcEV Vun~~ r

6840- - -‘~4-s4~4) conta,nc abou t 40 grams of material at a M-Det
co ncentrat ion r-f 1! percent . A tv; ”cal spray nozzle emits abou t I gram per
second . It t a p s’s ahou ’ 10-se~onds ‘0 spray oneself with an insectic ide. If
this was lone ~n a cr~~1l 10 m~ room, the oc14 t ~ant would be exposed to a
concentra ’ ion of abou t 0, 1 grams per c i b i c  meter of M-Det. The 250 mg/rn3
level is 2.8 tines les s t ha n  ~ bp conc e nt ra ’ ion one would be exposed to when
usi ng the spray in norma l use : but , exposure was for hours as opposed to seconds.
However , i f M-Dc”. ~‘rod~i cQs ~s major effect through skin penetration rather
than in halation , the expected use levels could be similar to the med ium
concentration depend i ng or- how imich is actually applied and how often
applications are repeated. One container of repellent (NSN 6840-00-753-4963)
calls for the use ~f abou’ 2 ounces per day per person for some ap~licat1ons .
A t 71.25 percent M-Oet conc entration , this is 40 grams. The container called
for us ing 12 drops, which weighed abou t 0.4 grams , to be used per
apphca ’on . This is act uall y fa r less than is likely to be squirted into
‘he hand when start i ng to apply U~fle! from thi s type of squeeze bottle. The
fr equency of repetit ion is not specif ied.
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f .  Va lue ci a Mult itest Screen. The key to the value of a multiple test
screen is the abil i ty to rel i~~Ty differentiate between many doses of a
Cc1T~Ound using tests which are individually able to show consistent
differences between only severa l of the many doses. The compilation of
results from ‘indi-,idual consistent tests gives consistent results over a far
wider range than an indi vidual test could have provided . A single rather
i neffect i ve test repeated many tines might randomly show some groups as being
apparently different than others i~~ random direct i ons. No one test used in
this study diffe rent iated between all groups of both sexes all the time.
However , individual tests did produce consistent , statistically significant
differences between several groups over a ~rriod of time . When the results

j— o f all the tests were compl ied , all var iables were readil y differentiable
from each other. ‘hus , the true value of the screen is that it can do more
than any one test and do it consistently, quick ly, and effect i vely. This
compilat ion is ~-resented in  Table 8.

g. Poss ible RelationshJo~~Between Changes in Rats ’ Performance on
8ehav i ora~~Tet s i~~Txposure to M-’

~èt and 14uman_HeiT~ii and function.
M-Det has been in iise ror many years and no report s have appearei1~ the
l iterature indicat ing behaviora l ef fects  in eithe r humans or other manmals.
This wo uld indicate l it t l e  potent ia l  f or causing major , readily observable
problems at Current use concent rations unde r normal circumstances. However,
these high concent rat~ on acute and subchroniC tests at very high exposure
concentrations h-ave demonstrated effects clearl y deleteriou s to performance
unde r conditions when optima l f~1 ncit~ On would be vital to success. For
example, endurance and balance are effect ed and even unnoticeable changes in
these var~ables may produce decrements in- performance of tasks requiring a
high degree of susta ined coord ination. These an imal tests do not demonstrate
a direct effect on human health or function but may indicate potential for
d iminut ion of c r i t i c a l  f, r c tionin ~ fo l lowing prolonged or frequent ly repeated
use of ‘h~s repellent .

9. co cius:-~ . Behav ioral change s due to aerosol ex~’osure to M-Oet over a
peri od of 13 weeks were s”-ionstrated. When the results of the ent i re battery
we re used , all  levels cou~d be dif f erent iated from each ot her and from air
con t ro l s. among s~y’v’ measures , these differences change d during the course
of exposure.

10. RECOMP’tNDA TIONS . Because the changes were significant in both the acute
and Subchronic study , but not i n  a clear dose-response type of relationship,
it Is rec crviended tha ’ this compound bi~ studied furt her by other laboratories
w ith  the f a c i l i t i e s  to carry out an indepth analysis of its behavioral
e f fect s .  The lack of a true dose-response relationshi p among the results
precludes ex rapolat lnn of these results to possible lower concentration
effects.  No change In use of products con~a 1ning ‘~-Det Is reccrv’ended at
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this tine because th~ onl y concentration low enough to be wi th in the range ofnorma l use (250 mg/rn”) was not s ignifi cant ly different from the controls formost tests until 6 weeks of exposure had been completed.

~~~~~~(d~~~~ .r) ~~~~~RICHAR D A. SHERMAN , Ph.D.
CPT , MSC
Research Psychobiologist

APPR OVED :

..ARflJJR H. MCCREESH . Ph.D.
Ch 1~f , Toxicology i iv i s ~on
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