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ABSTRACT

The e f fec t  of ethyl Prirathion in male rats <''lcl ¿'■"V'' ^xposod 

acutely and subacutely by the inhalation an.d oral routes werr? d e M i n e d .

In acute inhalation tests, groups of four docs wore oxpr.-.eu four hour, to 

f ive  dose levels of parathion ranging from 0.0153 to 37.13 mg/cu n. Due 

to the pronounced e ffec t  on Chi. a c t i v i t y  and the shortage c f  dogs, no 

ChE5Q or LC5q values could be obtained. The LC50 is greater than 37.13 

mg/cu m. Groups o f th ir ty- fau r rats were exposed four hours to th irteen 

leve ls  of parathion ranging from 0.035 to 35.0 inn/cu m. The plasma ChE50 

with 95" confidence lim its  is 7.28 (5.24 - 10.1?) mg/cu in. The RRC ChErj0  

is  5.43 (4.2 - 7.03) mg/cu m. Groups of th ir ty- fou r  rats wore exposed to 

eight parathion leve ls  ranging from 31.35 to ?30.5 mn/cu 'he iC^q is

84.0 (73.9 - 90.«1) nig/cu m. In acute oral studies groups of four dorr, 

were exposed to seven dose leve ls  ranging from fi.5 to 10.0 ra/ky. ¡he 

plasma' Cht-:50 is 1.67 (0.94 - 2.96) mg/kg and the RBC ChE5Q i r, 1 . -■ h.Oo- 

2.12) mg/kg. Groups of four dogs were exposed to f ive  leve ls  o f  parathion

ranging f ro ,  2.5 to 20.0 .„g/kg. The LD5C is 8.27 .4.79 to 14.29) .ng/kg. 

Toxic signs, i . e .  , tremors, convulsions and death were noted in dogs at 

doses above 2.5 mg/kg. The1 plasma ChE5o for rats exposed acutely by the 

oral route is 2.5 (2.14 to 3.1) mg/kg, and the ¡?DC ChE^ value is  2.58 

(2.12 to 3-14) mg/kg. The LD^q is 6.85 (6.1-' to 7. j 9) mg/kg.

In sub-acute studies groups of six dons were exposed by

inhalation to three dose leve ls  of parathion, O .W 1 « 0.01 and 0 .2 . n 

seven hours per day. f ive  days per week for six weeks. RW: CUE And p l ^  

ChF. determinations were made a t , l .  2. 4 and C weeks of the e n s u r e  period



and post -exposure period. The o.ool mg/cu m dose level was ;i no e f fe c t  

dose for both plasma and RBC ChE a c t i v i t y ,  while the 0.01 mg/cu rn and

0.20 mg/cu m leve ls  had moderate pronounced ChE e ffec ts  respective ly .

RBC ChE a c t iv i t y  in dogs exposed to 0.20 mg/cu m did not return to normal 

until the 6th post-exposure week. Rats in groups of eighty were tested 

subacute by the inhalation route a.. dose leve ls  of 0.01, C.10 and 0.74 

mg/cu m seven hours/day, f ive  days/week for s ix weeks. Glood samples 

were obtained at various weeks during the exposure and post-exposure period 

for Cht determinations. The 0.01 mg/cu m dose level yas considered to be 

a no-effect level for plasma and RBC ChE a c t i v i t y  while the 0.10 and 0.74 

mg/cu m leve ls  had moderate and pronounced ChE e f fec ts  respect ive ly . RBC 

ChE a c t iv i t y  in rats exposed to 0.74 mg/cu m did not return to normal 

until the sixth post-exposure week. In subacute oral studies on dogs, 

groups of six dogs were exposed to 0.05, 0.10 and 0.50 mg/kg for si/ weeks 

during exposure and post-exposure periods. Each dog served as his own 

control. The least  e f fe c t  on ChE a c t i v i t y  was observed at the 0.05 mg/kg 

dose, while 0.10 and 0.50 mg/kg doses produced moderate and pronounced 

effects  on plasma and RBC ChE a c t iv i t y .  Subacute rats were exposed o ra l ly  

to parathion doses of 0.05, 0.10 and 0.25 mg/kg for six weeks. The 0.05 

mg/kg dose is  a no-effect dose on both plasma and RBC ChE a c t iv i t y .  The

0.10 mg/kq dose could be considered as having ¿1 moderate effect, on the Ch' 

a c t iv i t y .  The highest parathion dose, 0.25 mg/kg produced pronounced 

effects on both plasma and RBC ChE a c t iv i t y .
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INHALATION AND ORAL STUOlf.S OT ETHYl. l’ARATlUON ADMINISTERCD 
ACUTL'LY AND SIJB-AU'TLLY TO THL RAT AND DOG

I. INTRODUCTION.

Parathion is an "ornanophosphonjs " insectic ide developed by 

'l. ■; ch rüder* ùi 1944. I t  has a molecular weight of T'-l.??. I ts  ¡.helical 

structure is as follows:

by rnan unless necessary safety precautions are observed dr.<i 001-20051 ' 

protective eguipment is usee!. The parathion hazard is directed to 

personnel employed ir, floriculture esp ec ia l ly  those who .Mand's the 

insectic ide  and are involved in spraying procedures. Employees o1-’ in­

dustrial plants where parathion is packaged and synthesized should also 

be aware of the parathion hazard.

in order to establish  the threshold l im it  value (TI.V) for ethyl parathion, 

required additional acute and subacute to x ic i ty  studies on rats and dogs 

exposed by the oral ind inhalation routes.

Thr* e ffect of the insectic ide  on both erythrocyte (RBC) and plasma 

chol i nest ei'fisi- (ChL) a c t i v i t y  in dons and rats was t.o be used to establish

* Handbook o f Jo x io o lo g y  Volume I I I ,  N a tions  I Academy , 'f  i>i ienc.es, N a tio n a l 
Rose ,1 J i  r.miiK i l  by h i ! I i an: (I. Negherhnn, 19!>9 . W.li. S.-’indi;**'.; Co. I'hi U -
df-'lpi;:.i arid l.onrlon.

H

Rarathion is highly toxic to mammals and should not be used

The National In s t itu te  of Occupational Safety and Health (NIOSH)



inhal at.ion-to-oral to x i r i t y  ra’t ios . from these experimental resul ts in 

animals i t  is e/pected that one could predict leve ls  of human exposure 

based upon the? e ffec ts  of HU; ,md plasma ChL' a c t i v i t y  or inh ib it ion  

level s .

These studies were funded by N10C,H and the work was conducted 

by the Biomedical Laboratory, Toxicology Division located at the Edgewood 

Arsenal area of Aberdeen Proving Ground. Maryland.

! 1 • S X_P E RJ M E_N_TA L.. •

Toxicty.

A technical grade of Parathion, made by the Monsanto Company,

was used in these tests . The diazo assay was 99.3 3--.

Adult ;na! e colony r a t i  \ f.prauue-Dawl ey crossed with Wistar) 

and pure bred n-.ile adult heaole clogs were used for the inhalation and* iV« '
oral tests.

A description of the method used to determine »:ho1inesterase 

values in blood samples obtained from rats and dogs exposed to ethyl 

perdthion by both the inhalation and in traoas tr ic  routes is  shown below.

The blood sample1.; from rats and dogs exposed to ethyl parathion 

were analyzed by Technicon Autoanalyzer method N17P. Each sample as 

received was spun down in an International Portable Refrigerated Centrifuge 

at ?000 rpiii (approximately 700G) for 20 minutes at 4',C. The red ce l ls  and 

I'lasna wen.1 separated and 0.4 ml of each was d ilu ted to ? .0  ml with sal > e. 

When 0.4 mi of red ce i ls  or piusma were not ava ilab le  a lessor volume was

used but. tlif1 proportions of sample to sa line diluent wa1- kept at 1 :0 .



Opera t i ncj_ Condi t i ons

50 sampl ori/h r 1-1 s<jnip-1 i ny rate
20 mM ii<.et.yl t hi oc ho 1 i ne di odi tie substrate
f !c;vì c.pll - 15 min tubuliir
finn 1 y ti c.a 1 wavelennth - 420 hum
buffer - 50 nM Tris*  pH 7.4
color rea<jent - 0.1 (jw 5.5 ' Di tniobi s -2-ni t.robenzoic a c d  qs to 

i l i t e r  with pH 7.4 t r is  buffer.

Stendardiration a c t i v i t y  is measured in Decs International

units of thiocho'iine fon^d by enzyme per l i t e r  at 37 C under the operating

conditions for method i;17P.

Preparation of Ti;i qchoi ine_S_tinic!;ird

a. Wei'jh out 0. 1446 <jrams oure Acetyl Thiochol ine Iodide.

b. Dissolvo completely in 5 ml 0.2N NA0H.

r. Qs to 100 i'il .’¿i th d i s t i l l e d  water. This stock solution is
5.0 ’lii'i in thipfchol ino, ph is approxine te ly  9.0.

"d. Make u.m a ser ia l set of dilu tions from the stock of 5
(0.25 mM), 10' (0.5 mK), 20' (1.0 mM), 40. (2.0 '"M) , 
and 60' (3.0 inH) .

' Cai d ila tions - Stock is 5 inM or ___APP-P_.-ni1'_(-.r!P..ilJ!?J_®§....
l i  te r

The IUD** defines 1 unit of enzyme a c t i v i t y  as the amount of 

enzyme that w i l l  catalyze the trans forma tion of one 'ni cromo le o f substrate 

per minute under specified reaction conditions.

10 I UR Internauonal Units 1 deca unit 

The i ncubof. ii'J'i time in metlmd N1 71’ runs between 5-6 minutes.

Problem - A s.irsiple peak is identico! in peak heioht to the stock storiarci. 

Assume trie incubation time i '• 5.50 minutes, '..'hat is t a i t ' . v i t y  <■* i'u: 

sample as expressed in Dec,] Units per l i t e r ?

* Tri s ( hydnuymi; Ih vI ),mii nomef.hani'

** The 11111 ■ r ri. i t i i m  .t 1 ¡Ini'tH of I' i nrheiri s ! ry ( IIJI'.'.



Sol ution micro moles/1iter 
inculili ti ori ti ino x 1Q Deca Units

. .. T QO Cl
5 . 5 x 1 0  JU - '

The stock solution is equivalent to a sample nf 90.9 deca unit:; per l i t e r  

ac t iv ity ;  however, the •■¡¿wi'ple was diluted 1:4 with saline and is only 20 

( v/v } in red cells  or plasma. .The samples original a c t iv ity  was 5 (90.9) 

or ‘ * 5 , T>. The dnalyt. i cal procedure is riot accurate to J significant figures 

and the answer should lie rounded off to “ 5̂  Doca Units per l i t e r  of undiluted 

red ce lls  or plasma.

QualJ ty_Contral - Paper s tr ip  controls were made up and run. The paper 

str ips  were made up hy the' riijfthod of F le ishe r,  A n a ly t ical Chemistry

Volume 27, pp 1080-33. .

Nonna! serun' of equine orig in  was d ilu ted  ad runs as a control 

p e r io d ica l ly .  This equine serum was obtained from the Pitman-Moore Company, 

Indianapolis, Indiana.

1. Acute Toxi c i t y  in MaJ_e _Ra_ts.
*

Groups of th ir ty- four male rats were exposed to parathion aerosol 

in a 1000 l i t e r  dyamic f 1 (if/ chamber for four hours. Chamber a i r  samples 

were co llected  on two r i bo re 1 ass f i l t e r  pad.-. The parathion on the pads 

was d ilu ted  with iso propyl alcohol and analyzed by a w s  ch ro:va to g r n pf'. i c 

technique. ¡V ir tu  1 r s ire  was determined h.y use cf a Rochester cascade 

i mpac to r .

Durwi-i expo mi re the ra ts wre ob.erved for toxic sinns and death. ^

i;lood samp 1 ("i red lilm'd cell (RI.'C) and plasma '..hi'! i tie sterast.- tfiii.'. 

determinations were nbLiiii'-d I ro:i: qmups of s>>; rols at 'i hours and 1 ,,’ .

' 7 and fourtee,. days expnson.'. U.l a;.,! Ll value', w.mv caku l. ited .



Seventy-one male rats os baseline unexposed controls and additional

unexposed rrjt.r» were used as controls for various concentration leve ls .

Twenty pardthion concent r<i I: ion levels ranging from 0.035 to 230.0 mg/cu m

were used in the acute studies.

The instrumentation and procedures for measuring ethyl parathicn

by the gas chromatographitechnique are as follows.

Instrument: Mi-cro-Tek Model MT 220 supplied by Micro-Tek Instruments
Corporation a subsidiary of Tractor, In c . ,  Austin, Texas 78721.

Det_cc.to_r_:_ FI ame Photometric Detector, Model FPO 100 with phosphrnus 
f i 1 ter supplied by Melphar. Inc ., a subsidiary of Westinghouse A ir  Brake 
Co., r a i ls  Church, VA.

Column: 6 f t . ,  glass (0D - 0.4 mm, ID 0 .2  mm)
10 0V-], Chromsorb W, 80/100 mesh supplied by Applied Science Laboratories,
Inc ..  PO Box 4 40, State College, PA .

Carrie r Gas: ’litrogen, prepurified grade, supplied by Linda Has Products.

Recorder: ( I )  Autolab System IV, B, Computinq Integrator for chromatography
supplied by Autu’ ab, a d iv is ion of Spectra-Phys i <.s. 655 Clyde .■''•venue1.
Mountain View, C- 9440! and (2) Spectrum 1021 F i l t e r  and Amplifier supplied 
:v/ Spectrum S c ie n t i f i c  Corp., 2401 Ogletown Rood, .Newark, DLL. 19711.

S ^ r j^ e :  10 ul Hamilton (-701) supplied by the Hamilton Co.. Reno. Nevada.

Sample Size: 4.0 ul with 1.0 ul isopropanol pusher, and ca. 1.0 ul a i r
space in between.

Temperatu re : In jection Port - 255°C
Column - 225°C
Detector - 160°C (max. for th is  FPD set-up)

Flow Rato:.
Pressure 

.............. (!>s.i J.)_____
" Rotameter 

Settino____
..... F low

cc/niin S7P

C arr ie r  Mas, nitrogen 40 lo.r, 105

Oxygon* 40 25.0 NA

llyilrmien'' ■* 10 l ;-;n. o NA

Ai r* *' ■10 30 i) NA
s i ’ 1.i<J by Linda (¡ar. Products, orppuri fied 
supplied by Aberdeen iY<v:i'.<: .I'MiiK



K ^ A ^ . P . I ' a r a L h ' i o n  - 4 . ft tin nui.es

p' tir^ 0r‘ re feronc.e standard solution was obtained froir 
K o w n to  Company on 15 Hay 1 975 and had a puritv  hv diazo « s a y  0r 9s 33 
■' n J this standard, the followinn solutions wore preparer! in isopropanol.

to n a r ie v e i  ‘ ' ' ' /  Standard' Cone.: leT/eT; -------

1-0 / l i t e r

0 J  / litr-r 0.513 AH

° - lJ! •'11 t&r 0.05’ P /[Rl

The^co.icentration of p ,E l in o r ;  is sample;. ( / l u & r )  ca lcu lated as

( PA5 ) ( Concn . Std) (Vol. Solvent)

Tp a ; - ]  .............. (Vol 7" ATr*...... .

PA, - Pea5-. oroa count.-, of sample 

^•std = d,’e£1 t-t-1 unt.s of s tarida rd” so I uti on

U)R<.n. S |.(j - Concentration of standard solution in :::nq/n.l .

1/0̂ sol veM t ~ 'vu  ̂ 0 f" 1 sopvopanol used for extraction' 'in' n’,'1. 

v0' a ir  " Volume of sampled a i r  in l i t e r .  _

 ̂• Acute_ Toxici ty_ i n Mr?j e Docjs .

Groups of four dogs were exposed to f ive  concentration leve ls  of 

pa rath ion aerosol for four hours. The parathion concentrations were 0.0153. 

0.145« 3.4/, 3.rJ:, and 3/. 13 u;q/'cu i>i. The animals wore observed for toxic 

signs dui'iii'i anr: i f lo r  ('vpoi.urt:. f.louJ samples wore ohta i ned f>-or th,-> dotis 

prior t■:> <.• xpiiMiri' ¡^r haM'liim ion lro l led Mood cei i '.hi. and plasma rHl 

Vi'.-ie'., Add • f ; ;m,11 blood samples were nbUiined fron the dr.';., , i js t  p r io r  

to e x p os 'i in n d  lit. -i hour'.-, | day. / da», t ilciys im>i 1 -i cj-ivs post exposure 

fur Chf det ermi n.i t inns .



3. SubdCiii.u Toxicity in Mu 1 t.j Rats.

flighty nu) 1 e rats won1 c/posed to parathion aerosol for seven 

hours per day, five days a week for six weeks to throe leve ls  of parathion. 

The three levels of parathion were 0.01, 0.10 -.and 0.74 mg/cu m. Blood 

:amples we^e obtained from 71 rats for red blood cell and plasma ChE 

determinations. These rats served as baseline controls. Groups of ten 

control rats were sac r i f iced  for blood samples along with ten exposed rats 

at various weeks during the six week exposure period and the six-week post 

exposure period. The; rats were observed for toxic si fins and weighed before 

sampling blood and s a c r i f ic e .

•'3. Sub-Acute Toxicity in Male Dogs.

Groups of six dogs were exposed to three levels of parathion • 

:erosol for seven hours per day, f ive  days per week tu*‘ six weeks. The 

riogs were held for six weeks post exposure observation. IS 1 ood samples 

wore obtained from the dogs at various weeks during Lhe exposure and the 

six week post-exposure period for red blood ce l l  plasma ChE determinations. 

Negative control animals in groups of six were carried with the exposed ,

dogs. The three parathion concentration leve ls  are 0.001, 0.01 and 0.20 

mg/cu m.

The dogs were observed for toxic signs. All dogs we^e examined 

tv/ a veterinarian p rio r to use in this study and declared t.o be free of 

'nfectio iis disease.

The pre-exposure blood samples tor ChE determnations were taken 

from each dog. The average Rf'C and plasma Chf values served as experimental 

■.ant.rols and each dog a I mi served as i t.s own innt.rol.

13. Oral Tox ic ilv .

Tfic Paralhinri wsi'd in I hose studios was Monsanto Tnchn i ra 1 (iradc



/
. . •. r~ -• '■ w■• £ .̂V* ' - •’.’ v>» .* ■-■ 'v • .•r;**l̂ iv

Run Sample Std Cone, of Final Cone. Cone, of Parathion Sample Cone, of % of Cone, of parathion
No. Area Area Std of Spike Soln Recovered = Area____ Std recovery = recovered (TOO)

(area count) ( v/ml) ( y/ml) ( y/ml) Std Final concn of
________________________________________________________________________Area__________________________________________ spi ke___________________

1 5027 3810 0.496 0.661 0.655 99.0

2 521 1 3810 0.496 0.661 0.679 102.6

3 5189 3810 0.496 0.661 0.675 102.0



a

o thy 1 'wrath ion . II. was 9H.5 parathion jnd 1.0"' inert ingredient.

Anlmo 1S used in those exporiment were adults male dogs .(Peafiles) and

adu 11 male rats (Sprague-Dawley/Wistar s t ra in ) .

All ' 'thyl parathiort used in the followin'] tests was ¿dm r.i s t G *~rJ d 

in capsule;. h-.y the oral route to dogs and by a stomach tube in rats, -he 

do rath ion was d ilu ted  to working concentrât ions with corn o i l .

n i ­

A. I nha 1 a t i on ._E f.fec ts

1 . Acute_ S_tud i_es_-J|a_ts_.^

a . Mqr ta 1 i ty„and_ Tox i t.jtesppn_st>s.

' Tne LC, „ for male rats exposed for four hours to parathion aerosols• oO
is 34.00 ¡'73. 0-90.4) t;i'j/c'j m*. These data are shown in tab If! 1. Toxic signs

i. o . , tremors, convulsions, sa l iv a t io n ,  resp iratory  d i f f i c u l t y ,  ana death 

were seem in rats exposed to concentration ran y i tig from 50 tO 230.5 mg.'cu m.

The EDro for tremors is y.i.67 (6 7.15-80.83) mg/cu m and the ED^ for convulsions
J  \j

is 110.6 mg/cu rn (96.0 1 27.4 ) . fht's^ data are shown in tables 2 and 3.

■ The ETrn values for tremors, convulsions and death in rats exposed
j U ,

to respective concentrations of 97.0, 100.6, 118.5 and 230.5 mg/cu t  are 

shown in Appendix, tables 1A-12.A. A summary o f these e ffects  is  shown m 

table 4 . Figures 1 thur 5 i l lu s t r a te  the 1-99" response for these toxic 

Cigns. Other observations noted at the lowest concentration level tested 

•26.08 mg/c:j m) were as follows: 43 min - occasional sneezing, 50 min -

possible nose i r r i t a t io n ,  4 hrs- approximately 15/34 had diarrhea', scrotal . 

area was wr?t with urine ind 3.5 hrs post f'xpnsure - appeared letharii ie  and 

a few had "wet dog shakes11.
*•'The; S t a t i s t i c s  of lîioonsav. C. I.  RH ss ,  Vol. I I .  Acideniif. »rcss. ,nc.
New York, 195/ ■

0
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Thirteen dosage leve ls  ranging from 0.04 to 35.00 mg./cu m

were ¡jsgc! for fhp tk-r.on.iinotion of Ri:C ,-md pir»s»na ChT values. The RBC
' ■»*

C'.c-cq was dc tf-rn'med to be 5.43 (4.20-7.03' mg/cu ¡n. The plasma ChE^g 

w£s determined to be 7.28 mg/cu m (5.24-10.12) î igcu A sum; nary o f  these

•results are ihown in tabies 5 and 6 . The RBC and plcsma ChE a c t i v i t i e s  .

for the e/pcsed. rats sampled at 4 hours, 1 , 2 .  7 and 14 days post exposure

are shown m table 7. A s t a t i s t i c a l  e vtiol.) t ion of tnc-se data are in 

Appendix, Lrjbic ’ jA . tod blood coll and plasma Ch. a c t i v i t y  curves for 

rats exposed four hours to ethyl parathior. aerosols ^re shown iri finures 

6 thur 13. The da--hod curves (x ) ‘ i l lu s tra t.es  the actual RBC ChC

a c t iv i t i e s  while the sc ii . i  curves represent the s t a t is t ic a l  best f i t s .

The dashed curves ( . ) i l lu s t r a t e s  the ac-tuel piasne ChE a c t i v i t i e

while the- so lid  curves represents the s t a t i s t i c a l  best f i t s .  Figures !A

and 2A of the Appendix ?.unniidrize these data.

2 . Acute Studies -Do_gs

a. M orta lity ,  Toxic Responses and ChE^ Determinations.

Groups of four dogs each were wxposed t.o f ive  parathion con­

centration leve ls :  0.0153, 0.145, 3.42, ^.93 and 37.13 mg/cu ni. No deaths 

occurred in nogs exposed to these concentrations. The exposure time for 

a l l  groups was 2^0 minutes. Choi i neste r.tse was s i g n i f i -r a n t T y inh ib ited  by 

e l l  f ive  concent ra t io ns . However, due to the- high leve ls  of depression 

seem in each group. and the fact that lower concentrations could not be . 

tested due to th shortage of dogs, ca lcu lations of Chi!^ values were not 

possible. A ¿ui.ii.-iry of theses are shown in fables f‘> and 9. Figures 14 

and 15-show the RRC ond p 1 tismti Chi curves for dogs exposed once for 'I hours

*.0 ethyl , irafhr.in

b. f t . o o n i n a t i o n r , .
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TABU: '7

RED BLOOD CELL AND PL AS MA CilOL IX EST ERASE VALUES OF RATS EXPOSED 

BY INHALATION TO PARAT!I ION AEROSOLS FOR FOUR HOURS

Pr.rathicn 
Con c

Percent ChE Activity Ere in Start of Exposure

£ ' c i;. ni -i 11 rs 24 i rs 4S Mrs 16S firs 5 36 Hrs
RBC PLASMA RRC PLASMA RBC I’I. ASMA RBC PLASMA RBC PLASMA

C .0 55 S3. 61 100.0 93.0 100.00 90. 7 8 10 0.0 0 91.43 100.CO 82 .90 100.00

C . 2 0 6 6 7.31 SO . 5 1 92.45 100.00 100. 0 100.00 97.67 100.00 70.45 100. 00

0.255 100.0 79. 72 72 . 52 75.80 . 86. 17 80.41 100.0 76.49 73.8 4 66.81

0 . S 2 5 66. 15 62.67 82.62 62.67 66. 15 75 . 80 74 . 33 90.09 85 .04 68.98

■ 0.905 100.0 88.47 01.90 88.01 81.34 6S.42 87.89 SO . 64 7 7.04 75.60

1 • 1 100.0 100.0 89 .48 100.0 78.95 100.0 79. 75 99 . 0 8 94 . 7 1 i;:o. o

2 . 1 7 85.78 65.49 .69.95 71.95 69 .05 69. 3 7 74 .28 73.98 77.62 70.98

2. 265 56.35 52.03 39.76 42.25 71. 74 6 8.08 77 . 87 SO .62- 52 . 82 50 . 27

12 . 30 66.56 47.97 42.37 31.18 45. 74 44 .46 59.94 73.06 61. 39 67.22

19.06 42.90 46. 70 31.02 4 7.97 18.46 • 58.86 49.0 59.59 78.25 77.51

26.08 24.44 33. 39 15. 10 42.25 42.30 37.82 46,0 64.20 57.57 58. 36

31 . 36 42.12 39.63 19.74 22.58 19.01 26.95 57-42 67.05 7 4 » 14V 63.04 '

55.0 43.76 24.42 32.48 25.57 27. 11 27.88 48.95 61.05 60. 11 77.28
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TABLE 8

Summary Of Parathion Dog Exposures

Parathion Exposure
(Avg of 4 

Cholinesterase
Dogs) 
t of Normal ' Mortality’

.Date . • Run No. Concentration • Time . • • Ct Toxic Signs Time RBC Plasma 24 -hour
•• • 1- V  ' ' *. • ■' ■■ - <: ■ ' ■ r . . . ’ ' '

mg/cu M _ • . .... min ■ mg nin/cu in \

V’4 Sep74 .

► - •
• •- .. _.»•r

' i ' 

. -*'x .

' 8.93*

* • * - t *' '■ ■ r

240 2143.20 Lacrimation - 1/4 4 -hour 
24 -hour 
4 8-hour 
7-day 

14 - d ay

64.15 
42.41 
37.08 
26.79 
37.‘08

13.91 
6.70 
7. 10 

20.52 
31.93

0/4

10Sep74
i ; ' *■ . . ■

■U. .2

Vy ' ■ -- -

' 3.42* . - 240 821.0 4-hour 
24-hour 
48-hour 
7-day . 

14-day C.C

70.8 
44 .4
38.8

.. 19.06 
. 24.48

23.20 
12 . 72 
3.85 
9.41 

30.05 _

0/4

24Sep74 3 ; 0.145* 240 34.8 4 -hour 
24-hour 
48-hour 
. 7-day 
14-day

. 69.89 
55.69 

.. 56.70 

. 56.70 
59.86

39.61 
20.23 
17.26 
27.96 
3 7.28

0/4

'■ 'i

G.0153* 240 3.672 4 - hour 
24-hour 
48-hour 
7-day 

14-day '

62.1 
49.77 
44.01 
.71.57 
• 58,02

17.80
14 .2
15 .12 
35.40 
75.03

0/4



■ ■ m r -
TABLE 8

•
CONTINUED

1

•  ’

Date Run No.
Parathlon

Concentration
Exposure

Time Ct Toxic Signs
(Avg of 4 Dogs) 

Cholinesterase 1 of Normal 
■ Time RÏ5C Plasma

Mortality

ng/cu FT

37.13 *

"5 IK

240

mg min/cvi a

8912 4-hour 72.53 19.69 0/4 . ■ ' *
24-hour 45.11 8.30
48-hour 77.61 16.14

7-day 64.91 38.01
14-day 85.34 76.39

* . A v e ra g e .o f  2 chamber samples c o l le c t e d  a t  1 and 2 hours
. v .; ■■-j*

rr-*"T •
%  
t ' w

.;r

■ Ê :

; -■ *;v ,■■■■ ■■ ■ ; v">\ • "• ..
- •• • . 't • ■■ -V .• •• .• •' • -• ■' •. . • ; v l; .-vf. • - -,

■ ; ^ % y  k - -> ; y  ■> - . y ^  a "  •;• »-¿Ci. ' ■y'vt ; .v ... • : -f * *

•I-; 
«.'.
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Red Rlood Cell and Plasma Cholinesterase Valuos of Do;’,s Exposed by Inhalation

To Paratiiion Aerosols for Fo’:r Hours 

Percent CI IH Activity From Start of Exposure



The individual curves for plasma an'd RBC■ Chi; a c t i v i t y  for each dose 
level are shown in figures 3A thur 7A of the Appendix.. The so lid  lines

rep resent the s t n t J s l i c a J  best f i t  curve w h ile  the dashed l in e s  ronncrt

the ind i vidua 1 p o i n t s .

3. Sel)-j\ru t c^_S_n¿d2_es_._ '

a. Rats.

Based on the i n forma t. ion obtained from a cu te ly  exposing r a t s ,  the 

estim ated no e ife c L  dose (0.01 rag/ru n.) was se lected  for subacute te s t in p . 

Two addit ional dose le v « ls  0.10 and 0.74 mf,/cu m were tested  to ob ta in  

moderate, and pivaiinmced e ffe c ts  on Chi..

Tlie.se dot.a are summarized in  ta b le  ]0  and i l lu s t r a t e d  in f i^ u ie s  

16 thru 19. Thu le v e ls  se lected  fo r te s t in g  were, experim en ta lly  v e r i r ic d .  

The 0.01 in',’,/on m conceiit ra t ¡.on was d e t. crr.i i nerl to be a no-cf i.ecf. dose v lu le  

• the 0.10 ing/fu m le ve l produced :>:od c ra te  e f f e c t s .  A pronounced ei fe e l V2 í; 

produced by the higbe.M d-„se Je ve ] (J.74 mg/cu ni. Table 1'iA thru 1 9A show 

the s ta I. i s t ?’ca 1 eva lu a tio n s  of these d ;¡ta .

Three ehanhei' samples were c o llc c te d  during end; 7 hour exposure 

[o r a n a ly s is  of pa rat 1, ion . The repu l.ts , in c lu d in g  Che ir.een coticen f r . it  ion 

for a l l  three dose le v e ls .  art.. -.hewn in \ppenJ i x , tab le  T0A. The average 

p.'U'Otli ¡on concent val .Ians, da ily  C t 's ,  eer.u' la t Lve C t 's  and tox ic  s igas  a rc  

in  Appendix tab les  I A , J..'A and 2 1A . .

¡i,, l e x i e  si-' .ns w e r e  s i ' c n  i n  Lh e  r a t s  e x p e l e d  I c> 0 .  t* 1 and  0 . 1 0  

tng/cn m. 1!' >■.. i ' Vc i  , í in < ■ r a t  d i e d  on L 11 ■ ■ 1st exp t-s ure  t •»«y a ;  i l i e  l i ' W n  

l e v e l .  l 'a t be I ■ i r a  1 . ■ f i ; ;. na t i cm s l i c e d  Lh. i l  la.- r;'.t had 1 \¡ c o n > . e ' i'<n 

but. no ■; ¡ i'.; i i I ¡ c a n !  I e ; . i e n s  due  t o  pa r-\ t l i  ¡.tut e x p o s u r e .  One unexpn-.e-l i- « n i  r »’ 1 

r a t  t h e  0.-10 mg/Vn n< ^ I 'm ip  d i e d  en  t h e  n i n t h  d a y .  I b i s  r a t  showed

a c u t e  k i d n e y ,  u r e t e r  ami M a d d e r  (n l  1 a i: : t i • * H .

:> I



‘l'A HL!': ¡;)

Red Blood Cell and Plasma Cholinesterase Values of Rats Exposed 

' P.y Inhalat io:s to Tarnth ;c;i Aerosol s

     I‘orcont Chi; Act i vity fror- Str. rt c - 3si:re
Week \ o . 1 Koek No.'“ iVoek No7 3 Ke’eT/NoT'i Wc'c;'-*’’\\;r K ~V.v*>k S’o.f- 

Concentration “ RITC PTasma “RFC FT as na TiBT Plasma “Ri'.r T ’T.isma itKC-p’llVS'san ~TCTI ~PTii>'n>n 
(ng/cu m)

0.01 öS 96 93 100 - - 69 97 69.6 76.S 97.3 99.2

0.10 57 99 60 66 - - 65 79 6(;.7 92.3 Exposure Termin:

0.74 58 68 50 67 23.8 22.7 33.2 21.0 15.5 31.S 25.5 -40.0

Percent ChE Activity - Post-Exposure Pe riod 

0.01 82 97 84.-I 1 27 - - 94 99.4 - - 1 18.5 14 1 .3

0.10 61 116.4 76.4 133.3 82 U S . 6 - - SI 113 - -

0.74 44 112.6 - - 65 100 - - - - ‘ S7.5 116.6



Tiicre were no oi.lier ■. i 11 i f i e;i ill I'-sinns. The cause of death could not 

bo d <■. 1. i 11 i t e 1 y 1..I L i.'d 11* the a c t io n  oi p;i r;i i. h i on . A t the 11 i j *! i e s t para- 

Lhion 1 eve 1 , 0.74 i;i;;/('m m, (.wo r a ts  d ied , oik* on the 10th day ot exposure 

anti one on L11o Hi day of exposure. The rar. that died on the; tenth day 

'■f exposure showd niii;;r'Sl 'id luii^.s on ;jr":;s  exa;u i ;i.i L Lon :i :i< 1 otl on

m icroscopic e:-:aninafc ie u . Th is was an ayent re la te d  lo:. ion. The ra t chat

died on 11. (_■ ki-i.h day .jlii-wed acute  lnn;; con;,e:st ion and no i r,n i f i  cant 

le j iu n s .

Two ra ts  were s a c r if ic e d  at the h ighest pa rath  ion le v e l  a f t e r  

5 and 15 days e:'.pol'.ir'e duo to tlie L r  poor p h ys ic a l appearance. The ra t 

that va»s i f  iccd on tiir; 5th day of oxi'osurc had severe i;ia lecc  I us io n .

The other rats showed tremors and ataxia twenty-four hours before

.sac r i  I: i c c . This rat. had e sea peel from i t s  ea ¡;e and was leose f r. the chamber,

iilood hem atocrit va lu es  were obtained on four c o n tro ls  and nine 

exposed ra ts  a f te r  the la s t  exposure to a p .ir.ith ion  cone.ee t ra t. lor, of 0.7-'« 

ug/cu m. The va lues  fo r the Four, co n tro ls  vfii e 47.fi, 49 .0 , 5L.0 and 45.9

mg’i . Tlie va lues fo r the nine exposed fa ir; we re 44. 9, ¿i9.3, 47.8,

45.5, 4 7. ' J , 48.8, 47.8, 46.6 mg%. The nver,i:;e was 47.2 ngX. Th is  va lu e  

is  not s ig n if ic a n t ly  d if fe r e n t  from the co n tro l average.

The ra ts  were weighed ju s t  p r io r  to ob ta in ing  blood samples, 

during the exposure and post-exposure period . The body w e ights of the 

ra ts  exposed to a l ]  throe subar.ute par.uh ion  roncen t ra t ions are  shown 

in  Appendix tab le  2h\. Rats gained vri;',!it r !• i-ou;;how t the exposure and 

post exposure period.'; a t ¿ i l l  th ree  pa ra ( u ion le v e ls .  These body weights 

are shown j'.r.iph ica I. Ly in f ig u re s  /.(I anil '? I .



*ep*urr ¡ve  fjroups o f * Jx do).f.

thl-  —  "trnM-o„s of 0 00, 0 0, , r '  ̂ ‘ ̂  P^
ChR X .uct ¡ v i t "  v/iJi ... ^  pIasaa/ 1 <>1.., .,ri; b-|,uv,n j (1 , ..

th‘  —  u1Cchou nüRl‘rilse‘anir .,SUr"  thm,i;h 1JAOf
P °* t  'expo.Sure per i,>tJK . ■ j or tlw  exposure and

1 and p2avtta Ch}, a c t f v l | .cs
ms/cu ;n .ir,.,* lovt., r C l ie- • • i ì It • fj s .<•: d* 11 / >•}!).. i

™., , , , ,   ........ ' ........................................« *  « a
■•<"<• iccovcry Pirim|, ThJs d 

s ideree! a .,,l f rr , , u h i U  he Con ­
' ‘ K;Vf,J- A‘ t!,c- 0.0! IMg/cu „  d .

?8-i " u -   —  7 euv,\
0’q,° !i      . ; ” ■ °
The higl, doK0 0 > ,,,tffr3* d ia t c) . - M} f i tj »], conJrl )*«•> • • - >' '-'•'JJ.n f)V V UlK.I/le.y . 1 , ,
By tj.u ( 11--! 0, ... , "  ‘ hnv'11’3 * sovcrc effect.

w » 2 s . w .• M,C Ci,h ^  did not , c Iu n i , ,
of H „     U tU nPr:,i,i U,c- .iCi v,ek

' •»•' * »<■ ' v e r y  pcr io ,- .  vj0 f,t ll, r .

in  t he sc     o b se rve d  ■‘ • 1 7,■> .

¡•'¡r.'ire-. ?'S hIl.v ih- ' . ’
 ̂ l " ‘ 1 Cct r'.v- subchronic degsAppend,,. Labie 25A Ustjî . y

• concí-ntr.Ttác,n fn'- rim. c .
* - •  > , 15 “ p“ l’d » « i « ­

' ;,ml..-  ''-„ii,!.,,,,, ,jr ..i' n h !,.. • vf,\ .)V. , ' ■lS' Aup.-'nu.,;.:

     - ..........

" r ' !  ■ ■■
1 ' A ‘” l i' S! iij , ..

f ' 1 f í V -t.lMil
' ' ' ' L' Vl 1 ■' 1 ■> -■ i< • ; ..(•••• ; ■>.■ , i

u i r,, r« l l , u ; n y  . "'■ 1 1. • ' ' ‘ (H., I .I,,.;. ,
• 1 ' ' ' " Vl in , „ r n  of I .  f ,



groups of r a t« ,  JU  per group, rece ived  doses el' e th y l p;irathion rang i ng 

from ] 0.0 mg/kg to 4.0 mg/kg. The rer.ii 1 ts ol: th is  study are sliov/n in 

t it h J c- 12. The 24-hour 1.050 w is found to he 6 .H ' ( A . I d-7 . .) mg/kg.

Tab 1 c 13 l i s t s  the to x ic  s i «ns observe.) during  th is  l.P5Q s'auiv and ¿-.ivo.s 

Che KT^q'.s for toxic. signs ns w e ll as the: KD^q f or w c h  Rroup. I- igtirer. 2k 

through 21 i l l u s t r a t e  t.hc 1-99% response fo r these s ig n * , 

b. ChK^Q Determina t ier.s .

The acu te  Ĉ li J £ determi ivi i on.-. in  adu.lt ma I e ra ts  ree. ui red the 

use of 80 rats;, 10 of which served as c o n tro ls .  A l l  r a ls  rece ived  a 

constant do.^e volume .>f b -inl/kg of the pcirachioe/eorn o'i 1 se lu t io-n. ¡he 

i-.oneenL rn t ¡or. of p irn i. Irion pur li'l oi corn o i l  ’■ vo r i . i n  oic.et to 

maint a in the f.onst.aril dose volirao , I he ve.sul. t r. ul tr 11 It- rtudv .ko sho.a 

in  cab le 14 (RISC) and tab le  15 (pl.-ismn) . The. \XU'. Chli.Q was determined to

be 2.5Vy ( : : . ! )  7~"'. 141 ) mj*/!;;•. and I !ie I Chl.‘Vt v;«s ? . V.6 (2 .1.73- -J . 0 > )

mg/kg.

2. Acul.o S t i u l i e s  • l ì r i c i .

. Morta l i l y .  Toxi. /‘ht; £"

I l ma I e d o g s  uv i e u s e d  Lo u e ; .-ri:, i ne l :\e 2' ( - . o u r

f o l l o w i n g  o r n i  d o s i n g  w i t h  e t h y l  p a r a f i l i  o n . T a b l e  16 l i s t s  r h r> f i v e  d o s e

l e v e l s  (mj' /kg ) opr-d , I he p u r  cent,  o f  d o g s  re ; ;p ond  i ng a t  e a c h  cìer.e l e v e l  and 

t b e  B l i s s  --1 . i : i < i f . i l  una I v s  i s  fo r  t h e  I 1, , ,  ( n  . ; : y , . ' kg ) .  Toxi . .  ' . i y r . y .
■ j ( '

;ind t ¡nu-s to 111 11 h ;■ i'o I ¡ :'■ I i'd i u 1 ;th 11 • I / . Hec.i 1i: . ■ . > I l bo I i:;i I 1 i d

nill'-.I'i'l >: I-I 11. ■ I’ ‘ ; 11 •,:<■. I lo iit nv. i .1 c ' '.liu no --1 :i t ¡ : l '. > • i 1 .ina1", is o'.' )(■
t i 1 o. i u .poi v o y.i.; d on. ■ .

Tin ,-|. t i l .  i !,!. f o r  ht>’ !i '¡I'.' .md p 1 . i . . ' . ' ¡ u  u I ¡ v î t  • in ... gs 
. M)

is  shown ili I • 111.11 ■ : 1 (UI'.C) nul 1° ( p I . i : :u>. i Ì . Hogs in gionps of lour



Subacutc Inhalation Toxicity Studies of Ethyl i’;i rath ion i.Six Dog? 

Exposed Seven Hours/Day, Five Days/Week, For Six Keeks.

Parathion Exposure Period 
Concentration (Day 5 Hecks)

Post Exposure 
(Weeks)

liip/cu m ChE 1
(Hay)

1
L

i

2 3

i

4 5 6 1i 2 1 ■ i i •
3 | 4 i 5 | 6

i I !! • ;
% Activity '(average of six dogs) '6 Acti v i t y (a re' rage o s i x  do y5 )

R3C 101 134 . 5 129 106.0 155 13 5 9 5 | 9 5 | -
1 ! * '  

S6.j 90 I 93

0.001 Plasma 88 88 96 95 - 102 91 99 78.5
* i 1

9 7 j 151 I 105

RBC 124 ! 105. 7 
- 1

78. ( 36.0 - 96.9 101.3 97.9 103.8 ! ! , i
i i

i 1 J . 01 Plasma 113; 92.31 69. $
. i ' !

71.9 71.6 5S. 4 91.4
■
90. 8

■ i j i 1
! :
I i

RBC 8 S.: 75 53. i 74.4 - > 57
1i

4 1 77 61 -
i \

Hii ! 84 7 9
: i

0.20
. Plasma 46 41 2 5.5 34 . 5 - 53 36 72 94 - !115 134 1 112i

1 1



TAoLii 12

Rat 24 Hr. LD-q Follo'.-.int; Orni Administration of Ethyl Paratnic-r.

Dose Mortal it>’ 
mg/kg 10 Rats/dose

i Uliss .Statistical Analysis 95”
Dose

Percent inti/kg Lower Limit Upper Limit
1J. 4.49 3.59 5.62

16 5.72 5.01 6 .53

30 6.23 5.57 6.97

50' LOCO 6 . IS 7.60

84 8 . 2 1 7.17 9.40



ED^q's (minute) RD^'s and RD^q For Toxic Si^ns and Death in MaLe Rats. 

Following a Single Oral Exposure to E th y l Parathion

Dose . 
(TT.g/kg ! Tremors 

:1
Sali vation Convuls ions Pror-1 rat ion Death

: r.. o ! .. 10, ,0 
• 1 >' ''
; '2.Ì.5 - 55.5)

10/10
„Hi. j

(2S.7 - 47.4)

10/10
33.1 ' 

(25.S - 42.4)

10/10
42.5 

(54.1 - 52.4)

] 0/ i 0
45.6 

(56.5 - 56.S)

7 ’ 10/10 
■ 4 3.1 
; (3-1.1 - 62.3)

9/10
72..1 

(48.4 - 107.4)

S/10
75.5

Ì45.1 - 125.7)
■ ■

7/10
SO. 4 

(50.7 - 127.7)

s/io
10S.5

(5.15 -•227.4 ;----- ---------- ■-------
; 1 6.5 ! 10/10 | 4/10 
! 63.1 1 
| (43.S 097.7) |

2/10 .
1

2/10 ! 2/10 !

5.0 10/10
43.S 

(39.9 - 4S.1)

2/10 . 2/10 1/10 I 1/10 1 
1
1

4.0 0/10 i

1
F.D And 
LD̂ Jj(95?i C. I

(mg/kg)_

4.43 
. (4.48 - 4.48)

6.27 
(5.64 - 6.98)

6.69 
(5.98 - 7,34)

7.01 
(6.30 - 7.SO)

6. to 
(6.IS - 7..:

a/ Number of ^nimals Responding



■BflBBBSfl

Rat

•

TAP.LE 1 '. 

Acute .RBC C/iÊ q Following Oral Admins t: rat ion

•

5
of V '\-.rnthion

.1

Dose 1 •i Inhibition j 
,  , 1

iiliss Stntisticr.l Analysis 95'. C. L. j
. i m m

ing//kg 1 0/rats/dose , Per cent! Dose . Lower Lir.it j Upper Limit j
1 me 04 i ! i H k B S H B E(

0.175 !
!
1

i
8 . 1 1

1

j\
0.035 j

1

!
0 . 0 2 1 j

i

1

0.0£7
■

0.350 1 2 . 6 16 0.410 0.318
1i

0.527
■

0.700 27.4 30 0.977 0.799 1.195
m u

1.400 32.2 50 2.579 2.117 3.141 '
■

2.800 51.8 84 16.236
.

11.716 22.499
■

5.600 69.7 B H K99 190.792 106.402 342.114
7.000 69.0 • 1 HBHUBBH

. *•* • ..... 1 ■



Rat Acute Plasma ChE hollowing Ural Administration of £thyl Parathion
50 ■ 1

TABLE IS





Observed Toxic Signs nr.d Times To Death
t

In Male Doys Exposed Orally To Ethyl Parathion

. 'rA.BI.Fi 17 .





TABLE 19

Dog Acute Plasma Chl^Q Following Oral Administration olr Kthyl Parathion

Dose °i Inhibition Bliss Statistical Analysis 11
95* C. L.

mq/kc; 4 dogs/dose Percent Dose n’.g/'kg Lower Limit1 Upper Limit
!
10.0 65.0 1 0.000 o . o n o 0.299

2.5 59.0

! 1.26 40.0 16 0.020 0.000 0. S9 5

0.50 42.0
30 0.161 0.019 1.548

50 1.670 0.942 2 .960

84 141.422 4.061 4294.4Ö5

99 53974.909 12.157 259,629,444.000



were g iven one of four dose le v e ls  of e th y l par.')tliion in  corn o i l  and blood 

samples fo r ChE a c t i v i t y  an a lys is  were-taken 24 hours post exposure.

The HliC was found to be 1.497(1.060-2.115) mg/kg and the plasma

ChE 0 was ] .670(0.942-2.960) n:g/kg. .

3. Sub-Acutc: S tu d ie s , 

a . R a ts .

A to ta l of 480 adu lt male ra ts  were used to determine the 

e f fe c ts  of repealed d a ily  exposure i to ethyl parathion. Une ha lf 

of the ra ts  rece ived  d a ily  doses of corn o i l  (5 dayr./week fo r 6 weeks) 

and served as so lvent co n tro ls  w h ile  the other 240 ra ta  received  d a lly  doses

of e th y l p ara th ion  in  corn o i l .  A l l  r a t s  were weighed d a ily  and doses

were g iven on a ml./kg b a s is . Control ra ts  rece ived  1 nil/kg of corn 

o i l  and exposed ( te n t )  ra ts  rece ived  1 ml/kg of corn o i l  con tain ing  the 

e th y l para th ion  in concentrations of 0.25 mg/ml, 0.10 mg/nl or 0.05 mg/ml.

There were 80 ra ts  per dose le v e l in  the exposed groups.

The b leed ing schedule fo r ChE d e te rm in a tif 'i was 10 co n tro l and 

10 exposed r a ls  for e.ich dose le v e l a I. 1, 2, 4 and 6 weeks during exposure 

and at 1, 2, 4 and 6 weeks post exposure; i f  req u ired .

The r e s u lts  of th is  study are  shown In tab le  20. The. high dose 

(0,25 mg/ kg) produced about a 55% in h ib it io n  in RHC CliE a c t iv i t y  and 48* 

in h ib it io n  of th r plasma Chli a c t i v i t y .  No r.ig n fican r in h ib it io n  resulted 

f ror, the 0.05 mg/kg dune w h ile  tho 0.1 n;g/kg dose produced about 20/ in ­

h ib it io n  ol HIU’ Chi', a i' I i v i t y .  The 0.1/ri nu’./kg dose rat;; wet e ivcovorod lo 

normal levc.I.s at s ix  weeks post exposure, w h ile  the two lower dose le ve ls  

were recovered at one week post exposure.



Table 20 #

ChE Determ inaciou in  Male Rac Fo llow ing  D a ily  (5day/wk/6wks) O ra l Exposure to E th y l i’a ra th io n  in  Corn O i l



The n t  data arc i l lu s t r a te d  in  f ig u res  2R thru 31. These 

are computc.d l in e s  designed to g ive  the best s t a t i s t i c a l  f i t  to the 

actua l data . F igu res  28 and 29 represent the RISC and plasma CliK values 

during, the exposure period . F igu res 30 and 31 show the post exposure 

ChE va lu es  fo r REC and plasma ChE.

No tox ic  signs were observed in  any of these tes t or con tro l 

ra ts  during or a f t e r  exposure. Weight gained by co n tro ls  was not s ig n i­

f ic a n t ly  d if fe re n t  from that gained by the exposed ra t  groups. Figures 

32 through show the growth curves fo r ra ts  exposed to 0.05, 0.10 and 

0.25 mg/kg re s p e c t iv e ly .

b. [^pgs •

Twenty-four adult male dogs wore exposed o r a l ly ,  5 days/week

fo r 6 weeks to one of three dose le v e ls  of e th y l parath ion in  so lu tio n

w ith  corn o i l .  The dogs were d iv ided  in to  three groups of e ight each. 

Each group had s ix  dogs exposed to parath ion  and two dogs (c o n tro l) to 

neat corn o i l .  A l l  dogs were weighed on a weeklv rrhedu le and do?es 

were g iven on a mg/k”. hr; s i s .

Elood samples for ChE determ ination  were taken a t 1, 2, 4 and 

6 weeks during exposure and at 1, 2, U and 6 weeks post exposure i f

needed. Post exposure dogs were bled on ly u n t i l  normal or near normal

le v e ls  of C’lil.1 n c : i v i l y  had returned.

T he  r e s u l t ; ;  o l  t h e s e  d a i l y  r e p e a t  ed d o i ' e s  o f  e t h y l  p a r a t h i o n  

a r e  shewn in t a b l e  !’ i . The  0.'>0 mg/kg dos . '  p re d i ; e e d  a f t e r  (> week s  

e x p o s u r e  an a p p r o x i m a t e  58% i nh.ih i t i on o f  RBC C h i1! and 85 ." i n h i b i t i o n  o f  

t h e  p l a s m a  CbF. a c t i v i t y .  R e c o v e r y  at s i x  w e e k s  p o s t  e x p o s u r e  was 

I n c o m p l e t e  Inn had l e . i e h e d  hT' / l o f  n o r m a l  l o r  K 11C ChK and 7/i ?  o f  norma l  

l o r  p l a s m a  U i K .  I n h i b i t  i on  I rum 1 1; "  0 . 1M mg/kg ani l  0 .0 5  nig/kg dost '  o i

37
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ChE Determ ination i:i Maie Dogs Fo llow ing  D j I I v  (:5c! .iv/wk/owks) O rn l Exposure To F.thvl l’<uv; Lii Lon In  C.>rr;

O il

Q .



„ a r a t i , ion  - T .«  "■• ' -*><« <•«<> 4W  ‘ * M M * ° *  ‘UUU’
M r r   ...... ,„v  -  very d ~  „« I  n .» r  « * . 1

Of CI,E adivi,, ^«.l.od l,y two-voriiR por-t " * « " *  35
tt.ro,.,.,, W   .....  n,,  * . «  S .ra p M c n n , m «  «  r e ,  con. « . « « !

CI,E a c t i v i t y ,  ■n.«« * » * > «  computed l in o s  t a ,  to  B Iv c  ti.c bost

s t a t i s t  i r a l  n :  i o  t h e  a c t u a l  d a t a .

. , .r «  ..bi.erved in  an , of the « * •  ( » ! " «  "
af l i rr  t ',o ir  -  r t ~  1 « « . .  » f p a r .th ic n . A is .  ,h . r c  » .  -  .

s i p, „1 f ic n „ t  l „ »  or s « J n  in  o ( tho a n t a ! »  tes ted . Pleure,

39 slujwr. U.c. f i -h curve« Cor these doRs.

, 4, Chi'- l'pcov^y Ra t e?.

a . Rat.« :
A to ta l of 80 male r a ts  were used to determino the recovery 

r a , ,  of Klin ,,ul Pla«mn Cl.I', a c t i v i t y  fo llo w ing  a s in g le  o ra l dose of 2 .SO

•ng/ kg of e t h y l  para lii'ion . S ix ty  of the ra ts  were exposed to the para- ^

„n o n  and-20 r „ c  rece ived  neat corn o i l  and serve/ a« co n tro l,-  Rats

were hied a t 4, 24, 48, 72, 3 63, and 336 hour:; post exposure. .

R e c o v e r y  r a t e s  o f  t h e  RI5C and p l a s m a  ChE a c t i v i t y  a n  shown

in  ta b le  22. A fte r  336 hours, recovery  of the RBC ChE a c t i v i t y  was on ly

67 p o r  c e n t  o f  norm: , ]  w h i l e  t h e  p i n , -  ChE was s t i l l  l i  p e r  c e n t  i n h i b i t .

. T h e s e  d a t a  arc- j - r a p h i c a . l . l y  r e p r e s e n t e d  i n  fig u re  40. 11ie.se

, i -I -,r■■¡«•t ioni |V u> liest f i  I the ac tua l data p o in ts ,lines arc mmritU’d *>l ,il u n 1 •

b. JJiijjs..

Tour adult male dogs were R iven a s in g le  oral, dose of ethyl, 

parai liinn (2 .S  V M  ami post exposure Mood samples were taken a t

2.4, 264 , 36(1, 6 %  and fi 64 hours post exposure. At 24 hours po..*. i ><1 l •

. i i • ■ i.r 'ii' i i v’ i ì V ŵ i *• J nl11 )' i I •
Kilf* c  |, !■; a c t  I v i  t v  va : ;  G W  i ” h ( l > i ! e (l -n.l p l a r x .a  U i F  . . c t i . M  .

3 9



ChE Recovery in  Male Rats Fo llow ing  a S in g le  Or.i.l Dose (2 .80 mg/kg) of E th y l

Parachion

Table 22

** —iz-:--------------------rT me % Residua! Ch':; A c t iv i t y
. Pest Exposure KBC Plasma

4 Hrs 44.2 34.9

24 Hrs 44.5 43 .S

48 Hrs 55.7 51.5

72 Hrs 50.9 85.2

168 Hrs 60.1 ' 69.5

336 Hrs 66.7 89.3



Recovery to near normal le v e Js  was reached at: 864 hours post exposure fo r 

the Rl',0 ChE a c t i v i t y  and a t 696 hours post exposure fo r the p]a:;nin ChS 

a c t i v i t y .  R esu lts  of th is  experiment ;irp l is t e d  in Cable 23 and a graphic 

rep resen ta tion  of the data is  g iven in  f ig u re  41. Th is f ig u re  is  a 

s t a t i s t i c a l  rep resen ta tio n  of the best f i t  of the acuLal data as drawn 

by computer.





IV. SUMMARY AND CONCLUSIONS.

The e ffe c t o f ethyl parathion in male rats and dogs exposed

acutely and subacutely by the inhalation ' and oral routes were determined.

In acute inhalation te s ts , groups of four dogs were exposed four hours to

five  dose leve ls  of parathion ranging from 0.0153 to 37.13 mg/cu m. Due

to the pronounced e ffe c t on ChE a c t iv i t y  and the shortage of dogs, no

ChE5[) or LC50 values could be obtained. The LC5Q is greater than 37.13

mg/cu m. Groups of th irty- fou r rats were exposed four hours to thirteen

leve ls of parathion ranging from 0.035 to 35.0 mg/cu m. The plasma ChE^

with 95% confidence lim its  is 7.28 (5.24-10.12) mg/cu in. The RBC ChE^g

is -5.43 (4.2-7.03) mg/cu m. Groups o f th irty- fo u r rats were exposed to

eight parathion leve ls  ranging from 31.36 to 230.5 mg/cu m. The LCj-q is

84.0 (78.9 - 90.4) mg/cu m. In acute oral studies groups of four dogs were

exposed to seven dose leve ls  ranging from 0.5 to 10.0 mg/kg. The plasma

ChE5Q is 1.67 (0.94-2.96) mg/kg and the RBC ChE5Q is  1.5 (1.06- 2.12) mg/kg

Groups of four dogs were exposed to five  leve ls  of parathion ranging

from 2.5 to 20.0 mg/kg. The in  is 8.27 (4.79 tO 14.29) mg/kg. Toxic50
signs, i .  e . ,  tremors, convulsions and death were noted in dogs at doses 

above 2.5 mg/kg. The plasma ChE50 for rats exposed acutely by the oral

route is 2.5 (2.14 to 3.1 ) mg/kg, and the RBC ChE5Q value is  2.58

(2.12 to 3.14) mg/kg. The LD5Q is 6.85 (6.18 tO 7.59) mg/kg.

In sub-acute studies groups of six dogs were exposed by

inhalation to three dose leve ls  of parathion, 0.001 , 0.01 and 0.20 mg/cu m 

seven hours per day, f ive  days per week for six weeks. RBC ChE and plasma 

ChE detenninations were made at 1 , 2, 4 and 6 weeks o f the exposure period

m



and post -exposure period. The o.ool mg/cu m dose level was a no e ffe c t 

dose for both plasma and RBC ChE a c t iv i t y ,  while the 0.01 mg/cu m and 

0.20 mg/cu m leve ls  had moderate pronounced ChE e ffects  respective ly .

RBC ChE a c t iv ity  in dogs exposed to 0.20 mg/cu m did not return to normal 

until the 6th post-exposure week. Rats in groups of eighty were tested 

subacute by the inhalation route at dose le ve ls  of 0.01, 0.10 and 0.74 

mg/cu m seven hours/day, f ive  days/week fo r six weeks. Blood samples 

were obtained at various weeks during the exposure and post.-exposure period 

for ChE determinations. The 0.01 mg/cu m dose level was considered to be 

a no-effect level for plasma and RBC ChE a c t iv i t y  while the 0.10 and 0.74 

mg/cu m leve ls  had moderate and pronounced ChE e ffects respective ly . RBC 

ChE a c t iv ity  in rats exposed to 0.74 mg/cu m did not return to normal 

until the sixth post-exposure week. In subacute oral studies on dogs, 

groups of six dogs were exposed to 0.05, 0.10 and 0.50 mg/kg for six  weeks 

during exposure and post-exposure periods. Each dog served as his own 

contro l. The least e ffe c t  on ChE a c t iv i t y  was observed at the 0.05 mg/kg 

dose, while 0.10 and 0.50 mg/kg doses produced moderate and pronounced 

e ffec ts  on plasma and RBC ChE a c t iv i t y .  Subacute rats were exposed o ra lly  

to parathion doses o f 0.05, 0.10 and 0.25 mg/kg for six weeks. The 0.05 

mg/kg dose is  a no-effect dose on both plasma and RBC ChE a c t iv ity .  -The. 

0.10 mg/kg dose could be considered as having a moderate e ffe c t on the ChE 

a c t iv it y .  The highest parathion dose, 0.25 nig/kg produced pronounced 

e ffec ts  on both plasma and RBC ChE a c t iv ity .
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Figure 5. ,
199% r e s p o n s i : t im e s  p o r  TREMORS. CONVULSIONS AND DEATH IN RATS 

EXPOSED ACUTELY FOR I'OUR HOURS TO ETHYL PARATHION AEROSOL
(DOSE = 230.5 Mg/Cu M)

99 

98

95

90 -
i

80
!

70 i-
I

60 L 

50  ̂

40 r

w 30 r

L

10

10
_ L

?0 30 50
TIME (MIN)

100 200
__I
300



gure 6. RED BLOOD CELL AND PLASMA CHOLINESTERASE CURVES FOR RATS
EXi’OSfiD FOUR HOURS TO ETHYL PARATHION AEROSOL

(CONCENTRATION - 0.035 mcj/cu m)
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F igure 7. RED BLOOD C ELL AND PLASMA CHOLINESTERASE CURVES FOR RATS
EXPOSED FOUR HOURS TO ETH YL PARATHION AEROSOL

(CONCENTRATION = 0.220 mg/cu m)
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F igure S. RED BLOOD CELL AND PLASM A CHOLINESTERASE CURVES FOR RATS 
EXPOSED FOUR HOURS TO ETH YL PARATHION AEROSOL 

(CONCENTRATION = 0.98 mg/cu m)
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F igure 8A. RED BLOOD CELL ChE ACTIVITY IN DOGS DURING SUB-ACUTE
INHALATION EXPOSURES TO ETHYL PARATHION
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F igure 9. RED BLOOD CELL AND PLASMA CHOLINESTERASE CURVES FOR RATS 
EXPOSED FOUR HOURS TO ETH YL PARATHION AEROSOL 

(COMCENTRATION = 2.22 mg/cu m)
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Figure 10. RED BLOOD CELL AND PLASMA CHOLINESTERASE CURVES FOR RATS 
EXPOSED FOUR HOURS TO ETH YL PARATHION AEROSOL 

n  (CONCENTRATION = 12.80 mg/cu m)
too -y ,

HOURS

w



10A
150.

135­

1 2 0 ­

105­

90

75

60

45

30

15

0

PLASMA ChE ACTIVITY IN DOGS DURING SUB-ACUTE
INHALATION EXPOSURES TO ETHYL PARATHION

0.001MG/CU M O

DURING EXPOSURE
 1------ 1------ 1------ 1------ 1------ 1----- “ I------ 1 I I I I

1 2 3 4 5 6 7 8 9 10 11 12
WEEKS



Ch
E 

% 
A

C
TI

VI
TY

Figure 11. RED BLOOD CELL AMD PLASM A CHOLINESTERASE CURVES FOR RATS 
EXPOSED FOUR HOURS TO ETH YL PARATHION AEROSOL
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Fiqure 11A RECOVERY RATE OF PLASMA ChE ACTIVITY IN DOGS

‘ FOLLOWING SUB-ACUTE INHALATION EXPOSURES
150-, TO ETHYL PARATHION
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F igure 12. RED BLOOD C ELL  AND PLASMA CHOLINESTERASE CURVES FOR RATS
EXPOSED FOUR HOURS TO ETHYL PARATHION AEROSOL

(CONCENTRATION = 26.08 mg/cu m)
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F igure 13. RED BLOOD C ELL  AMD PLASMA C WO LI NESTE RASE CURVES FOR RATS
EXPOSED FOUR HOURS TO ETH YL PARATHlON AEROSOL

(CONCENTRATION = 33.2 mg/cu m)
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Figure 14. RED  BLOOD C ELL ChE CURVES FOR DOGS EXPOSED
FOUR HOURS TO ETHYL PARATHION

O = 0.0153 MG/CUM 
0 =  0.145 MG/CUM 
A=  3.42 MG/CUM 
X = 8.93 MG/CUM 
0=37.13 MG/CUM

HOURS
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Figure 15. PLASMA ChE ACTIVITY IN DOGS EXPOSED BY INHALATION 
FOR FOUR HOURS TO ETHYL PARATHION

□ = 0.0153 MG/CUM 
O  = 0.145 MG/CUM 
A  = 3.42 MG/CUM 
X = 8.93 MG/CUM 
®  = 37.13 MG/CUM



c  = 0 .0 1  mg/ cum  
¿  =0 .10  mg/cum  

a  =o.jh  k g /cu m
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Figure 17. RECOVERY RATE OF RBC ChE ACTIVITY IN RATS FOLLOWING 
SUB-ACUTE INHALATION EXPOSURES TO ETHYL PARATHION

e  =  0 . 0 1  M G / C U M  

^  =  0 . 1 0  m g / c u m  

a  =  0 . 7 1*  m g / c u m

WEEKS



Figure 18. PLASMA ChE ACTIV ITY IN RATS DURING SUB-ACUTE
INHALATION EXPO SURES TO ETH YL PARATHION

o = 0.01 MG/CUM
^ =0.10 mg/cuh
<rr = 0 .7 b MG/CUM

WEEKS
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F igure 19. RECO VERY RATE OF PLASMA ChE ACTIVITY IN RATS FOLLOWING

SUB-ACUTE INHALATION EXPOSURES TO ETHYL PARATHION
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Figure 21. GROWTH CURVE OF SUBACUTE RATS EXPOSED TO ETHYL PARATHION FOR 6 WEEKS BY THE INHALATION ROUTE
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GROW TH C U R V E  OF SU BA C U T E DOGS EXPO SED  TO ET H Y L  PARATHIO N FOR 6 W EEK S  BY  THE IN H ALAT IO N  ROUTÇ
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figure  25.1 - 99% RESPONSE TIME FOR TREMORS IN RATS
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F igure 28. RESIDUAL RBC ChE ACTIVITY IN RATS EXPOSED O RALLY TO

ETHYL PARATHION
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F igure 29. RESIDUAL PLASMA ChE ACTIV ITY IN RATS EXPOSED
O R A LLY  TO E T H Y L  PARATHION
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F igure 30. RECOVERY RATE OF RBC ChE ACTIVITY IN RATS 
FOLLOWING ORAL EXPOSURE TO ETHYL PARATHION
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F igure 31. RECO VERY RATE OF PLASMA ChE ACTIVITY IN RATS 

FOLLOWING O RAL EXPOSURE TO ETH YL PARATHION
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Figure 32. GROWTH CURVE OF SUB-ACUTE RATS EXPOSED TO ETH YL PARATHION 
FOR S IX  W EEKS BY  THE INTRAGASTRIC ROUTE 

(DOSE=O.Q5MG/KG)
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F igure 33. GROWTH CURVE OF SUB-ACUTE RATS EXPOSED TO ETHYL PARATHION
FOR S IX  V^.EKS BY  THE INTRAGASTRIC ROUTE

(DOSE = 0.10 MG/KG)
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Figure 34. GROWTH CURVE OF SUB-ACUTE RATS EXPOSED TO ETHYL PARATHION 
FOR S IX  W EEKS BY THE INTRAGASTRIC ROUTE 

(DOSE = 0.25 MG/KG)
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F igure 35. RES ID U A L RBC ChE ACTIVITY IN DOGS EXPOSED ORALLY

TO ETHYL PARATHION
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Figure 36. RESIDUAL PLASM A ChE ACTIV ITY IN DOGS EXPOSED ORALLY
TO ETH YL PARATHION
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F igure 37. RECOVERY RATE OF RBC ChE ACTIV ITY IN DOGS FOLLOWING ORAL
EXPO SURE TO ETHYL PARATHION
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Figure 40. RECOVERY RATE O ' ChE ACTIVITY IN RATS EXPOSED TO A SINGLE

O R A L DOSE (2.80 MG/KG) OF ETH YL  PARATHION

HOURS
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Figure 41. RECOVERY RATE OF ChE ACTIVITY IN DOGS-
EXPOSED TO A SINGLE ORAL DOSE (2.5 mg/kg)

OF ETHYL PARATHION


