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' 'fffriflClftlsS of :Bloassay: ' Bioassay is; the measurement of the 

response o f  a l iv in g . organism to some chemical or other substance which 

has b io lo g ica l a c tiv ity o  The main p rin cip le  o f its; use i s  the quan-

■ t ita t iv e  deteGtionfof^ such a substance by obser-ving certain  c r ite r ia  

with- respect to b io lo g ica l a c tiv ity o  This resp°nse may be a ffected  by 

; temperature* l ig h t  in ten sityg  -age  ̂ sexs b io logy o f t h e  t e s t  organism

and by individual and species v aria tion 0 -This makes i t  necessary to 

standardize.a method of carrying out each step in  the bioassay system» . 

The fadtors to be 'considered ares th e'b io log ica l' nature o f the te s t  

material^ .presentation of the chemical to the organism ,̂ se le c tio n  o f  

KThe Analytic'al : Reagenti! (insects.) in  a standard way f  or every - t e s t  ̂  and 

' in terpretation  and evaluation of data = - ' -

B io log ica l assay has been employed fo r  about f i f t y  years as 

a means of d e tec tin g  and standardizing drugs and other substances which 

, exh ib it b io lo g ic a l a ctiv ity *  During the la s t  two decades bioassay has 

a lso  been put fiotuse /in  evaluating in se c t ic id e s » At f i r s t  i t  was used 

as a method for evaluation of to x ic ity  and s e n s it iy ity  and fo r  "screening

■ in s e c t ic id e s ; fo r  ■ e f fe c t iv e n e s s<,.: /This'ie d  tp; the use of b ioassay for 

quantitative analysis of in sec tic id e  residues® • .

; / Chemical methods of analysis are s t i l l  a standard procedure for :

an a lysis;for  most in sectic id esb  Bioassay method's are valuable^ however, 

for  quantitative detection  o f residues' of new in sec tic id es  for  which 

chemical methods- have not beenrdevelopedg and for screening In sec tic id es
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Available metMds o f ehemieal analysis fo r  some in sec tic id es  may be so

s p e c if ie  that not a l l  the active  residtie m etabolites or oxidation pro­

ducts present are, defected®' In contrast * bibass.ay methods detect: these 

other b io lo g ic a lly  active products.without the highly spe c ia liz e d  in ­

struments or large investment o f time fequired for  chemical methods.

:' The rapid development of -synthetic organic in se c t ic id e s  led  to

the development o f bioassay methods su ita b le  fo r  th e ir  quantitative  

analysis o The nonepacific!ty  o f bioassay makes i t  applicable to  new ,t 

problems of analysis o f  b io lo g ica lly  a ctive  m aterials such as insect^  

ieides® Yariafibns in  exposure methods and individual and species varia­

tion s are s t i l l  problems that must be coped with* The proper choice o f  

• a method o f  b ioassay. for  an in sec tic id e  may determine whether or not the 

r esu lts  are o f va lu e» There is  a tendency to  se t  bioassay apart from 

the other methods® When a l l  the c r ite r ia  used for a proper an a ly tica l 

technique are observed in  bioassay^ i t  can be considered along with 

gravim etrics colorim etric and other methods aa an accepted method Of 

analysis® ...

At f i r s t  the use o f  bioassay was lim ited  to  finding re la tiv e  ■ 

to x ic ity  and to  screening insecticides®  Entomologists and in sect to x i­

c o lo g ists  then adapted i t  for residue analysis and for  evaluation o f new 

insecticides®  The basic standards and laboratory techniques used in  ' 

chemical analysis work are a lso  used fo r  bioassay so that the value o f  

.bioassay i s  comparable in  th is  respect to  chemical methods«, Bioassay 

i.s n°w regarded as one of the standard, methods of analysis®
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The mechanism o f bioassay o f in se c tic id e s  involves exposing the 

t e s t  organism to  known amounts o f the toxicant in  an exact and repro­

ducible manner® The resu ltan t per dent m ortality fo r  each dose le v e l  

i s  then recorded and used as a reference standards XMmowa'samples are 

run .concurrently and the resu lts  determined by comparison with the 

standard®

The criteria- used fo r  evaluation and recording o f  Moassay data 

vary with the method o f exposure <, the t e s t  organism usedg the in sect­

ic id e  under consideration and the f a c i l i t i e s  available ® Examples o f  

such c r ite r ia  are lo ss  o f  mobilityp in h ib itio n  o f  growths morbiditys 

deathp and latency o f response to  the in sec tic id e  ® Important aspects 

o f a bioassay system are; the accuracy and s e n s i t iv i t y ,with which a to x i­

cant can be detecteds and the rep rod u cib ility  o f results® The ease 

and rap id ity  o f obtaining resu lts  are. important considerations e

Comparison o f  Bioassay and Chemical Methods s As a rule bioassay  

methods are not as sp e c if ic  as chemical an a ly tica l methodsp but the 

s e n s it iv ity  in  certa in  eases i s  greater® Comparison o f amounts o f to x i­

cant determined by colorim etric and bioassay methods (Harte^iptefc alp 1954) 

resu lted  in  higher Values fo r  colorim etric than for b ioassay methods® 

Im parities in  the extracts caused background absorption resu ltin g  in  

higher values fo r  colorim etric methods o Masking by l ip id s  lowered the 

rate o f  in se c t ic id a l action  in  bioassay systems® This may be elim inated  

in  analyses o f in sec tic id e  residues by newer methods fo r  p u rifica tion  o f  

t is su e  extracts®



Bioassay can be as reliable as chemkal methods ot aual.7rie 

as shown b7 data reported b;y Lang (19h.6) aDi lfolan am Wlleoxon (1950) 

from the use of both •tbods on the same samples. 'l'he validity of a 

new method of bioaasq -.,. be e~lished by coaparison to a staadard 

chemical method aDd vice 'fersa. This has made the ue of bioasaq 

methods in most laboratories a standard aeth.od of aaal.Jrsi.s ued alone 

with chemical analysis. 

Solie laboratories ma,- regard b1oasA.y' as an al terDate or u 

a supplemental tool tor residue anal.y'sia uatil a suitable cbelli.ca1 

aethod is established. It is ditticult to place bioassq as an ana­

lytical tool in its proper perspective with other methods becaue the 

·~cal reagents• ased ia bioassq (iasects) are aot kept ia 

bottles cm. a ahelt. 

Bioassq ot· mixecl · resichtes can presEilt a problem, but in com­

parisoa w1 th chemical 11ethods bioassay •7 prove superior it the ca­

ponents of the mixture are 'Ullk:nolfll. It wo'Q]d be cl!ttietll.t to ue a 

chem1cal method since 1ihere wouhl not be a response trOlL all the tox. 

icants present • 

. St.tistical. anaJ;tds: Rectification of aortal.it)r data 

through improved. statistical •thods ef analy'sill (BJ.iss1 193S) has 

facilitated more accurate am rapid (Wilcoxon, 191J9) evaluation of ex­

perimntal. bioassa,- data. Bliss devised tbe method o~probit-a.nal..ysis 

which couists of plotti.Dg the dose as its loga:ritl:a against the dose 

effect ia prebabilit,- units or prebits. The renl.ti.ag dose-etf.ct 

:tnnotion ia a straicht l.iDe instead of a sipoid ~. This aids 

in the evalaation of bioassay data and ill.prwes tbe accuraey of the 
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statistical analysis. Statistical methods have since been ex-

panded am their use elaborated in some instances to a point too m.. 

volved. tor use by the non-5tatistieian. However, the absolute i»­

portanee ot statistical evaluation is even more essential and involved 

tor bioassay than tor chemical anal.ytical methods. 
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'■. / Mumerons methods of b ioassay have been devised^ but not a ll. can 

be regarded as equally  u sefu l nor r e lia b le » The many methods have been y 

developed according to the: conveniencej, experience and f a c i l i t i e s  availab le  

;anddean: b ee e la sa if ie d  in to  tiiree general groups# ' :

' ' Aqueous exposures Mosquito larvae used as t e s t  in se c ts  (Bashland^

1$$!)  "were e f fe c t iv e s but took 24 to  U8 hours to obtain resu lts*  k  . 

more rapid and se n s it iv e  method (Burchfield e t  a ly  1952) with.mosquito 

larvae us ed the photomigration o f  the larvae as the cr iter io n  for  d etec-  

tin g  small amounts of parathion by the use o f Aedes aegypti larvae  

’ ( lo la n  and'liilcoxd%. 1950) permitted detection  of ®002 parts per m illion  ' . 

ybf . th is  .organic.'phosphate* - . :v/; '

.. ' ■ ;: The brine shrimp' Artemla salina^ was used"in. detecting as l i t t l e

as 0*01 ppm of .methoxychlors DDTS lindanec, chlordanes toxaphene^ endrin 

and Bayer ITlh? (Michael e t  alj, 1956)* Another microerustaeean^ 'Daphnia3 

was used to  d etect parathion^, DDT, and BHC.with s e n s i t iv i t ie s  comparabie 

. to those obtaihbd w ith the brine shrimps and mosquito larvae ^

(Wasserburgers 1952) * By using Daphnia Anderson (Ipjjlj.) detected one part 

per b i l l io n  of DDT in  lake Erie water* Kocher ■ e t  a l (1953) were able " • • 

t o :determine 'quantities of . l e s s  than 1 milligram of in se c t ic id e  per 

kil.bgram o f .vegetables with a greater p recis io n  than was. p ossib le  by 

other methods# S p ec ific  movements of Daphnia- a fter  being influenced by 

various contact in se c tic id e s  made i t  p ossib le  to d istin gu ish  fhe chlorina­

ted  hydrocarbons from the organie phosphates (P fa ffs 1955)» Goldfish
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(Gersdorffs 1930) were used su ccessfu lly  la  to x ic ity  t e s t s  o f roteaoae. 

Later t e s t s  using Guppies (Lebistes retiou la tu s) to  d etect rotenone 

from Derris and Lonehoearpus roots (Pagan. 194$), and DDT (Pagan and 

Hagemany 1950) detected these toxicants in  amounts as low as 0*025 ppm*.

D irect Feedings This method con sists  of presenting the tox­

icant,, mixed in  with plant or animal tissue^ to  the t e s t  in s e c t* There 

are two ways by which the d irect feeding method may be used: (1) The

tissu e  to  be analyzed may be macerated and presented in  a standard way 

to  the t e s t  in sec t * By th is  method of presentation sub leth al amounts o f  

a toxicant are not detected* (2) By f i r s t  extracting the t is su e  to  be 

analyzed and concentrating the extractj, the sublethal amounts o f toxicant , 

can be detected* This second mode of presentation co n sists  o f mixing 

the concentrated extract with an acceptable food m a ter ia l/ and presenting 

i t  to the t e s t  insectV  Several factors may influence the resu lts  o f 

th is  method, and lim it  i t s  use* In most cases the t e s t  in se c t  has been 

the house f ly  or the pomace fly® These in sects  feed primarily on sugars 

in  the toxicant media, and only the in se c tic id e  which i s  on or near the 

sugars w i l l  be picked up by t e s t  insects® I t  has been shown that some 

•insecticides have an a f f in ity  for  fa ts  (Lang, 1946)® Thus in sec tic id es  

not associated with sugars may not be ingested , and to x ic  e f fe c ts  . would 

only b® by' fumigation or contact through the tarsi*  These factors lower 

the s e n s it iv ity  o f th is  method® '

A microbioassay method con sistin g  o f d irect feeding o f  in sects  

on milk containing the in se c tic id e  (Sun and Sun, 1953) made i t  possib le  

to  d etect minute amounts o f  f iv e  in se c tic id e s  c Sun and Pankaskie (1954)



exposed pomaee ‘f l i e s  to  macerated: t is su e s  and were able to  d etect 0«1 ppm 

of a ldrin  or d ie ld rin  in  a variety  o f fr u its  and vegetables = D irect 

feeding o f pomace f l i e s  on custard pumpkin to  which, a ldrin  had been 

added (Fisher and Smallmang 1954) was used to  assay th is  and other 

. insecticideSo & sim ilar method, with m bdifIcations, i s  being used 

, su ccessfu lly  a t Cornell University (Dewey, 1958')»

Concentrations Of parathion le th a l to  the r ice  stem borer were 

determined by allowing th ird  and f i f t h  in sta r  larvae to  feed, d ire c tly  

on a reed wick which absorbed a r t i f i c ia l  nutrients and the toxicant 

(Hashizume,1 9 5 4 ) ° The a r t i f i c ia l  medium contained sugars, casein , yea.sts 

and minerals disbl&ed in  water o' Concentrations of parathion causing 

100% morbidity or m ortality within 24  hours were le s s  than 0*5 ppm* . • 

This coincided with re su lts  obtained by other workers in  laboratory ■ and »

f ie ld  experimentso " : ■■; , : : • ; ;

: : . Frawley e t  a l  (1952) devised a procedure for  the b io lo g ic a l assay ■

o f in sec tic id es  by oral adm inistration to  house f l i e s  ®,, An ether extract '

of the sample containing the in sec tic id e  was evaporated to  dryness on 

sugar and then d issolved  in  water, and fed  to  the f l i e s  * This technique. 

obMates the meticulous p u rifica tion  o f  sample ex tra cts , which i s  fre­

quently necessary for other bioassay procedures«. This method has some 

of the drawbacks o f  other d irect feeding methods <, :

■ Film Exposure: The - more obvious, procedure in  bioass aying in -  /

see tie id es  i s  to  expose the te s t  in sec t to  a ,film  o f  the in sectic id eo

Numerous ways may be devised with regard to  type o f exposure chamber, 

type o f  t e s t  in sec t and time o f exposure to insecticides®  Laug (1946) 

f i r s t  used b io lo g ic a l assay in  quantitative determination Of in sec tic id e  

residues 0 He evaporated extracts o f DDT in  Brlemneyer f la sk s  within which



h o w e flie s  were exposed to  the residues for  24  to  48 h o w s» . ,•

% A bioassay method fo r  determinizig a ldrin  (Dahm and Pankaskie? :

1949) eo n sis ted .o f exposing uniformly sampled lo ts  o f adult houseflies  

to  a residue o f  the toxicant fo r  48 hours arid observing the resu ltant  

m orta lities e Corn o i l  (20 milligrams per jar) was added to  the standards 

to  increase pickup, prevent evaporation arid, to'approximate the fa tty  or  

waxy residues obtained from solvent extractions from animal or plant 

tissues® Dahm and Pankaskie advocate that the area of. tox icant to  which 

the f l i e s  were exposed was not o f significance® The range o f  IS for  

aldrin  in  th e ir  t e s t s  was I s l  to  1*66 micrOgrams per gram o f flies®  The 

control rep lica tes  ne ver , exceeded 3% m ortality  $ 1-.

Small s h e ll  v ia ls  were used by Hoskins .and Ifessenger (1950) for  

evaluating to x ic ity  o f organic in sec tic id es  and bioassaying in sec tic id e  

residues in  plant and animal t is s u e « This method d iffered  from that o f • •

■ Dahm and Pankaskie by being based on the per cent o f the exposure chamber

surface covered by the film , and by a d iscre te  in stea d .o f a continuous 

exposure* Inclusion of a sm all amount o f l ig h t  o i l  increased the uni-'y' ■ 

formity o f deposit (Hoskins e t  a l ,  1952) over the surface area o f the /  

vial® This enabled a higher percentage o f the toxicant to  be picked up 

ly  the t e s t  in sect#  ■

Sun and Sun (1953) outlined four d ifferen t methods' o f  evaluating  

data and o f : determining in se c t ic id a l residues % ■*: ( l )  A ^"Banking Method™ 

for a more rapid and sim ple.way o f  analyzing fo r  the presence o f  absence ■ 

of irnsecticidal residues | (2) An lDcn method fo r  ca lcu la tin g  traces o f  ■

. in se c t ic id a l residue q u an titive ly i (3 ) in  in terpolation  method for e v a l-  •

. uating small sub lethal amounts, of. in se c t ic id a l residue s | and (4) ; An in te r s



polation  method fo r  determining larger amounts o f  in se e t le id a l residues*  

The methods a l l  consisted  of a continuous exposure o f h o u seflies  for 24 

to  48 hours in  standard s is e  jars* In a l l  cases a comparable blank ex** 

tra ct was used to  make up standards»
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: This paper i s  a conrparison and eyaluation of methods which show ' 

promise of becoming an a ly tica l bioassay toolso  Four d ifferen t methods 

of bloassay were used in  the analysis of s ix  d ifferen t insecticides®

Method Is This i s  the method demised by Hoskins and Messenger 

(1950) and con sists  of exposing female h o u seflies  (Musca domestics,) to 

the toxicant in  smaii sh e ll t ia ls^  which were completely coated with 

in sectic id e*  These exposure chambers were ■ fla  t  bottomed s h e ll  v ia ls  5>0 mm® 

long with an outside diameter of 23 mm* The v ia ls  were a ltered  by 

heating-w ith an oxygen torch to  form a l ip  on the inside® This was 

necessary in  order to prevent the:'liqtiid from sp illin g  w hile the v ia l  

was being r o lled  onx i t s  side* The r o llin g  evenly d istrib u ted  the 

toxicant bn the en tire  in sid e  surface# . .

I, measured amount o f  the toxicant was pipeted in to  the vial, and 

allowed to  evaporate to  about one m i l l i l i t e r  % one m i l l i l i t e r  of a petroleum- 

'ether so lu tion  of o i l  was. then added®. This solu tion  was prepared by 

adding two m i l l i l i t e r s  of mineral o i l  to  a l i t e r  o f petroleum ether* The 

purpose of the o i l  was to  afford a more even d istr ib u tio n  of the tox i­

cant in  th e v ia l  and to  increase the amount Of toxicant picked up by the 

in sects*  . It. a lso  approximates the constituent waxes, fa ts  and o ils  of 

the extracts and prevents lo s s e s  of the in sectic id e, during and subsequent - 

to the evaporation of the solution* A fter a l l  the so lu tion s were in  the  

' v ia ls  <, they were ro lled  in  a stream of warm a ir  to  evaporate the solvents*

.This l e f t  the residue evenly d istributed  on tiie'inner surface* Twenty-

- ' •  -  l ] i  - I  , ' ■ " -



12

fiv e  fei^le*. house f l i e s  of, aa ,age; group o f, three to  s ix  days were 

auesthetised with carbon dioxide then counted and placed in  holding 

v ia ls  to  rev iv e • Completely revived; f l i e s  were introduced in to  each  

exposure v ia l ,  and the v ia l  covered with a piece o f cheese cloth  held 

on/by a rubber band* The v ia ls  were then maintained at approximately 

SO0 Fahrenheit fo r  60 minutes and agitated  and rotated every 15 minutese 

■ A fter one hour the . f l ie s  were transferred to  holding ja rs , which con­

tained a v ia l  o f water and a. cube of, sugar. M ortalities were counted 

a fter  IS to  24 hours» , , ,

tfethod I I ;  Thi s  method i s  a m odification o f the f i r s t  method* 

Male f l i e s  were used instead o f female - f lie s  ® Only one to  four days old  

f l i e s  were used because male f l i e s  are more sen sitiv e  to  in sec tic id es  

and th e ir  use produces high, and unreliable m ortality curves a fter  the 

fourth day® • ■ ' • i-: '

Method H is  This method consisted o f exposing mixed male and

female f l i e s  continuously over, a period o f 18 to 48 hours in  wide mouth

: pint ja r s , The toxicant and the o i l  so lu tio n  were pipeted in to  jars 

and allowed to  evaporate to  dryness. This l e f t  the residue deposited  

on the bottom of the ja r s . Approximately 50 f l i e s  (male and female) 

were thenltransferred in to  the jars ® They were provided with food and 

water by inverting a sm all v ia l  o f water with a cotton plug onto, the 

wire screen ,lid  arid placing a cube o f  sugar on the lid® This allowed 

th e . f l i e s  t o . feed through the wire screen during th e time for  which they 

were exposed® M ortalities were recorded a fter  18 to  48 hours®

Method IT? This method is  s im ilar  in  princip le to  Method III,'

but; a d ifferen t in sec t and exposure chamber were used, Mixed male and 

'female pom ace'flies (Drosophila meianogaster) were continuously exposed



■ in, p e tr i diskeB fo r  from 18 to 48 hoiirse This method restr ic ted  v e n tila ­

tio n  in  the ohaMsers« E lie s  were anesthetized for countingj, immediately 

before transferring to  the p etr i d ish ess with carbon dioxide or exposure 

for from f iv e  tp ten Btinntes in  the freezing compartment o f a re fr ig era to r» 

The toxicant and o i l  so lu tio n  were pipeted in to  the bottom h a lf  o f the 

p etr i d ish and evaporated to  dryness * A short dental cotton plug 20mm 

. long was•soaked in  2 5% sucrose so lu tio n  and, squeezed s u f f ic ie n t ly  so that  

the so lu tion  did not flow® This was placed at one end o f  the; d ish  prior  

to  introducing 59 pomace f l i e s 3 I t  was necessary to  incubate the f l i e s  

in  the dark to- obtain sa tisfa c to ry  r e s u lt s . . .(.Pomace f l i e s  are p o sit iv e ly  

phototoxic and tend to  spend the m ajority o f  the incubation-time crawling 

on the surface facing the l ig h t  , )= A t ig h t ly  sealed cardboard box was 

inyerted over the pqtrl dishes tq' exclude lig h ts  . ; . . '- V

' ; The follow ing s ix  in sec tic id es  were tested , using preparations ,

formulated from stock samples provided by the manufacturers for  research  

. purposes» Acetone was used-as the so lven t in  each case = ' - ■

. . . DDT.| 2i2?-.biS^(p-i'Chlorophenyl)*-iJ)l s.. l-tr ich loreeth an e # , ' -

. lindane; - gamma isomer o f l 52?3 s4 ji5?6?"hexachlorbcyelohexane* •

, Toxaphene) oetachloroeamphene ; . : —

\ t  { ' .D ieldrini : l s2 ?3 ?4 1̂0 1̂0^hexachlbro-6 } 7-epoxy-lg4af$,6p7^8)8a,- 

. - octahydro-1; 4-endo, exo-5 -i 8-dimethanon'aphthalene«

I-feilathioni 05 O-dimethyl S -( l P2~dicarboethoxyethyl) dithiophos phate

• - Guthionj - 354*4©tQbenzotriazihe-methyl-Q,, 0-dim ethyldithiophos-
' - fh a te e . ■ ■' v  - ' : :

• S t a t i s t i c s : Bata Collected were f i r s t  recorded in  each case as /  .

the dose in  mierograms per exposure chamber re la tiv e  to the dose e f fe c t  ,



expressed as per cent'.mortality,-, . The dosages were then converted to 

logarithms and the per cent .m ortalities converted to prob it units for  

use in  a log-prob it method o f analysis (B liss^  1935)» A ll computations 

were made by an I  B M computer a t the Computing Center o f the U niversity  

of Arizona to f a c i l i t a t e  ca lcu lations and reduce p o s s ib i l i t ie s  for error* 

fhe complete method o f  s t a t i s t i c a l  analysis used for  the data 

in  th is  papor3 together with an example il lu s tr a t in g  i t s  applications i s  

presented in  Appendix Bo. y .

- The analysis of the data- centers oa: the dependence o f ©toe vari­

able on another^ known as' regression0. , In toxicology the le th a l e ffec ts  

o f a drug or chemical:are described as the regression of the mortalitya ; 

expressed as per cent k ill#  on the d o se ; , The variable mortality^ here­

after^ referred to as i s  a function o f the independent variable^ do­

sage 3 referred to as X. The uses of regression  are varied» In some 

cases one may'wish to learn  i f  Y i s  dependent on %«, and i f  so , to get a 

measure of the re la tio n sh ip » At other times- i t  may be necessary, to pre­

d ic t .  Y from Xg or v ice  versa . The present purpose was (1) to determine 

the d ifferences in -er ro r  a fte r  the e f fe c ts  o f the doses on the m ortali­

t ie s  had been tabulated hnd (2) to determine the s e n s it iv ity  of the t e s t  

in  re la tio n  to  the ID^q This -error was calculated  by the

equations: - i v .  ' :' /'  ' - ' : .

' ■  ; v . . s : S y 2 - - . b  (sxgr)^ ,' . - '  .

. . - : ; .... V : — J n = T r - - :  .... . - -■ ■

• w;here Sy i s  the sum of the squares o f the deviations o f the d o se -e f fe c t /  

b i s  th e ' sample regression  o oeffie ien t^  and Sxy i s  the sum of the pro-** 

ducts of the deviations of the dose and d ose^ effeetp
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Further calculations to test tor the exaet tit of' the regression 

line mar be made if necessary. However, by fitting a line geometrical.ly', 

one can come significantly elose to tb.e liDe f'itted by least mean squares. 

A more aceura te method or estima:t.ing the error variance is the method of' 

probit analysis as given by Finnq (19~2). It vas foum that the es­

timate ef' error far the two methods (that of' Finney and the regression 

method used in this paper) was elose. Therefore the regression method was 

used tor the present study, since it is meh quicker and sim.pler to eaJ..,. 

eulate. 



EXP!BIMERTAL B.FSl'LTS 

Results obtaiaed tor eadl indJ:ri.d.ual test are tabulated ia 

.A.ppeDdix A. ·The means tar the rePlts in AppeDdi:x: A were caJ.culated. 

for each :method of bioassay aDd are tabulated separatel.7 for each in­

secticide iD Table 1. From these mean standard deviations ad m;o 

values it is evident that there is a vide variation in per cent error 

and the sensitivities of methods with regard. to the different insecti­

cides. 

'!1J.e sensitivity of a aethod v1ll refer to the aean mso ot that 

method throuchottt the paper and the reliability will refer to the stan­

dard deviation. Methods with lower ID$() values :have a higher seuiti­

vi:ty and those with lower standard deviations are more reliable. The 

expression 1tLD50• refers to llicrogr8118 of inaectieide per exposure 

challber ,.,required to kill 50 per cent of a population. 

An everall caapari.son of tle meaa standard. error for each a.., 

seeticide abws that the contimlCN.s exposure •thod. (Method m} ia 

general.ly the one ld.th least error, with the exceptio of the renlts 

obtained. OA malathioa. All resul.ts obtairwd from the 'Bioassay of ul­

athicm sh~ a high perceJttage of error. 'lite standard error at the 

m5o l.evel b7 the coutilluous GJ)<)Su:rct method was 20%. 'flds indicates 

that the per ceut mortalities with an mso dose 1118.7 varr from .30 to 

70% froa one test to another. Guthioa, which is also an orga.Di.c phos­

phate, exhibited oDl.y a 9.lt.% error by this same :method. This method is 

the most reliable tor the bioassay of Guthioa. As an illustration of 

this 1 the order or .mean standartt devia:tion fer Gutbion is: 9.1J, 10.", 

14.1, am 19.1 per CG for methods m, r, II and IV respectivel.7. 

16 
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Bioassay of dieldrin, taxapheDe1 lindaae and DDT, as well as Guthion, 

by method III 8howed a difference of tvo to eight per cent error be­

twec this method and the other methods. In all cases method m had 

the lowest per em standard errw, am was mre reliable. 

'!'he staD.da.t"d error of th& results from the small vial method 

using male Musca doaestica (Method n) is as follows: u.s, 10.~, 9.0, 

12, and l.k.l per cent. tor toxaphene, malathion, dieldrin, Guthion and 

DD'1' respectively~ ftree tests were run by this method on lindane, but 

all the mortalities were lsss than two per cent and were not recorded. 

Results ot bioassa7 by the small vial method using female flies 

~ethod I) resulted in standard errors ot 91 12.2, 10.3, 12.2, 17.8, 

and 10.4 respectivel1. 

Bioassay b,- the Drosophila ltethocl (Method IV) showed consistent~ 

lower percentages 'Of error with exception of its use on DBr. Standard 

errors for this method were 6.$, 7.9, 9.4, lh.S, 8.7 and 19.1 for taxa­

:pheDe, malthion, clieldr:ln, liadane, Gutllion and DB! respectively. '!'his 

method is relatively quick and eaffY to carry out but may present pro'b­

l•s llhen its sensit:l:Vit7 is coDSidered. 

Seuitivities et the four lllethode generall7 toUo.w a pattern in 

reverse te the standard error tor all six iDsecticidea, with soae ex,.. 

ceptions. '!'he most sensitive method is the Drosophila method, tollewed 

closely by the sm.all rla.1 method using aale house flies. However, in the 

case ot DDT~ the sensitiT.ity ot the Drosophila method is the lowest ot 

the four me1hods, but the standard error is also low. Bioassq b7 the 

Drosophila method is very sensitiTe in comparison to all the other uthods 1 

bat there is also a loss or reliability. The reverse is true tor the 
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continuou exposure met.bod.. This refers to a very general case and 

cannot be applied to tfiYer'Y insecticide, as Ulustrated b;y the com­

parison of data trom the bioassay of malathion Uld lindaDe P;y all four 

methods. The sensiti'fity of Method IV was high (1.17 micrograms) with 

a low standard error (7 .9%) tor malathioa, while the other methGCls showed 

a mu.ch lower sensitivity (20.36, 2.94, and 1S.89 micrograms) together 

with a higb percentage of error (20, 10.4, and 12.2%). For liD.dane, the 

sensitivity of Method IV vas intermediate (0.49 micrograms) and had. a 

per cent error of 1.4.S%; Method I had a ldgl:ter sensitivit,y (0.39 micro­

grams) with a 12.2% er.ror; Me1ihod m had a sensitiTit;y of o.S3 micro­

grams and a u.4% errer. Lindane data fGr the aa1l T1aJ. method usiDg 

aale flies were not recorded since they were not signif'1cant. 

SensitiTities t\r 11fethod I were l2.JA., l$.89, o • .:n, 3.77 aa:l 1.73 

micrograms far toxaphene, malathion, dieldrin, lindane, Guthion and DM 

respect1vel:7o Siallar tests 11Sillg Method II had sensitivities ot 12.,;6, 

2.9h, 0.22, 2.U aad 2.B3' :ro.t tuaphene, malathion, dieldrin, OuthioJ1 

am DDT reapecti'ftl.7. 

RepreseJltatiYe test data ta.kela .troa Appe!Jdix A ha:ve been plotted 

on log-probit paper tor three i.Dsecticides eYa.l.llated by all four uaethocl$ 

(figUres 1-L.). These figure~ illustrate the relative de~ee ot toxicity 

ot each insecticide, the relative sensitivity and er.ror of the aetho4s 

used aDl the slopes of the dos&ge40rtality curves. These figures are 

also included to demonstrate the staudai'd aethod of plotting tabalar 

data tor evaluation aDd to estimate tbe' LDSQ values~ . In actual labora­

Wr.r bioassq ot an UD.lalown saaple, tile raw data are plotted on log­

probi't paper and the dosage-mortalit7 C\JM'e fitted ge0lletricall.7. ThiS 

is then compared wi t.4 a stan!;lar4 .C"D.rVe and tle val•§ r.~ the unimowD 
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sample determined. It the data: are homogeneons, this dosage mortalit)r 

curve usuaJJ.y agrees w1 th the c'lll'Te determiDed by statistical methods. 

'the dittereDCe is not una.n.,. sigD:i.ticant enough to warrant the use of 

statistics to obtain aa exact tit of the regression liJle• It takes less 

t:ime and efl"ort to eTal.uate a data Jdottec:l in thie way ·thaD to tediwsl:y 

compare tabalar data. Estimation of the T.Dso value for each set of data 

is relat1Tel7 sillple by interpolation tl-a the liae on the graph. 

Comparison of liDee t1tted ~ sicht shows that the ID$() values 

do DOt differ sipi.ticautq from valuea determined. ·V;y statistical aethodso 

As an illustrat:ID~ the LD50 values ff!lr ·})M by the Drosopkil.a method are 

7.h (figve 4) ad 7oS micrograms for the Tisual estimate &ad the stat­

istical ealcul.atien, reapeetivel.7• Other examples are the ID50 val11es 

tar dieldrin of o.26 (tigu.re lt.) a'l!kt o.t6 in the saae respective order as 

the first example. Whenever the 'points ef the data are seattered, the 

test is Gbviousl7 diftiCNJ.t to evalute, the regression line will be 

difficUlt to tit by s:l.pt and use of soae statistical fittiDg process is 

preferable. AD example of this is the line for Otlthion in figure lt.~ 

' 
vtd.ch has aa LD.50 of a'bcN.t 1.3 Jlierograma when fitted by 818• However, 

the LD_so value detenairlecl by" statistical aet,hoda is o.68 micrograms. 

O>rlousl.y a set of data with a wide dispersal of per cent mor. 

tal.ities at more than one 4.ose level'has a lcnr reliabUit,-. SUch a 

test should be repeated or a better aethocl of bioassay substituted. 

Other aethods should be substituted if the first has :f'aUed. to 

produce taYOrable renlts, eve w:Lth the 11taost care iR tecbaique. 

SUch a practice is tille cO!U!n1JiiDc and -r mt be truittul.. I.t iDtorma­

tion is aTaUable aa to which aethod is general~ ere reliaDl.e or 



sen sitiv e , i t  may save needless experimentation w ith d ifferen t methods 

with 'An unknown sample* i  /r ’ : .

- ,, : The variations between methods arejin. parts. a measure o f  th eir

d ifferen t c a p a b ilit ie s  f o r :applying equal amounts o f in se c t ic id e  to eaeh 

of the f l i e s  w ith in  a s in g le  exposure chamber® The v a r ia tio n  between 

in sec tic id e s  i s  a r e f le c t io n  of d ifferen ces Of such properties as - 

v o la tility ^  solubility^, and rate, o f penetrationo '

1  laboratory should have a t  i t s  disposal more than ,one method 

of bioassay for use in  residue an alysis and shohld standardize the 

methods, that are to  be used®





«• Method I i s  the small v ia l  method using female h o u se flie s | Method II  
i s  the small v ia l method using male h ou seflies! Method i l l  i s  the 
continuous exposure method.'using mixed male and female h ou seflies!  

.and Method IV i s  the Drosophila-- methodo -   . .. - -



. COHCEUSIONS

The oontimoas exposure method using mixed male and f e m le  house­

f l i e s  i s  the most fe a s ib le  method to use fo r  the le a s t  percent error,' 

and rap id ity  and ease of conducting the bioassay* Although th is  method 

has the le a s t  error and i s  easier and more rapids in  some cases these  

do not: compensate for the lo s s  in -se n s it iv ity *  Another drawback to th is  

method i s  that i t s  r e l ia b i l i t y  decreases;with"an increase in  the age of 

the flies®  The f l i e s  should be of an age group of not more than four 

days® I f  h ou seflies  are over four days old i t  i s  b etter  to  use the small 

v ia l  method^ employing, only female f l ie s o  This la t te r  method i s  more 

time consuming but i s  more r e lia b le  for  older flies®

The standard error for Method I I  was too high for a l l  the in­

se c tic id e s  tested® This method i s  not very re lia b le  and should be used 

only in  eases where reproducib ility  of r e su lts  i s  not necessary. I t  i s  

one of the more sen s it iv e  methods and may be used to d etect the presence 

or absence o f minute q uantities o f in secticid es^  but not ordinarily  for  

quantitative determinations=

The method employing Drosophila melanogaster. i s  the most sen si­

t iv e  for a l l  in se c t ic id e s  tested® This5 in  conjunction w ith  i t s  rela­

t iv e ly  low percent o f  standard error? makes i t  the method of choice for  

the bioassay Of toxapheneg malathion, and dieldrin® This method shows 

a high s e n s it iv ity  for the b ioassay of Guthions but a lso  shows a high  

percent o f  error® This would elim inate i t s  use for th is  insecticide®

For DDT th is  method has a low percent error and a. low sen sitiv ity®  Due 

to  the low sen sitiv ity ^  i t  i s  not a good method for bioassay o f  DDT®



The small v ia l  method using female f l i e s  i s  the b est a l l  around 

method for  the detection  o f small amounts.of in se c tic id e s  since i t s  stan­

dard error and s e n s it iv ity  are intermediateo The fa c t  that i t  i s  more 

time consuming may rule i t  out in  many instances when speed i s  important 

or when a more s e n s it iv e  method i s  d esired » :

The Drosophila method i s  preferable when speed, accuracy and a h 

high s e n s it iv ity  are required of a b ioassay. For te s ts  requiring high 

s e n s it iv ity ,  w ith no regard for rep rod u cib ility  and in  cases where only 

male h o u seflies  are a v a ila b le , the small y ia l method using male f l i e s  

may be used. The continuous exposure method using mixed male and female 

h o u seflie s , provided f l i e s  o f  the required age group are av a ila b le , i s  

the best method to use when speed,. a.ceuraey and a high s e n s it iv ity  are 

necessary.   y: ' -
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Figure I. B i o a s s a y  by the  S m a l l  Vial  M e t h o d  ( g )98
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Figure  2.  B i o a s s a y  by the Smal l  Vial Method (o*)
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Figure  3 .  B i o a s s a y  by t h e  C on t i nuo us  E x p o s u r e  M e th od  ( <f 8  $ )
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: fab le  t» Bioassay r esu lts  o f liadaBS by Method 1
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Table h. (concluded) 

Test Dose Log or Dose effect Dose effect mso Standard 
lfo. ug lOx Dose u percent in probit u.g deviation 

mor:tal.ity llllits in probits 

20 48 hours or exposure usiDg five day old fiies .39.3 .2360 

o.2 o.301o 2,., ~ li.U72 \·'1 r . ' ..... ·· ... ,, ' . 
o.2 0.3010 2h •• 2931 
o.b. o.6021 38 4.6945 
o.k 0.6021 h1J h.Sk90 
o.6 o.7782 10 s.s2WJ 
o.6 0.7782 76 S.7o63 
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Table 5« ELoassay resu lts of DDT by Method I®

33

Test Dose Log . Dose e f fe c t  , Dose effect 
Ho® .ug Dose ' as pereeBt in probit

. mortality

3/ ‘ 0ok771 39 . W 207
3 '■ ' OakfTl' 52 5*0502
k 0«6021- • 61 ' 5.2793
k ■ 006021 ■. 73 • 546128
5 0*6990 .79' 5#8o6k
5' ©46990 87 6#126k

39 ■2. 0=3010 8 3«59k9
2 0*3010 ■ 13 368736
3 0ak771 8 3#59k9
3 Osk771 • 8 1 3o59k9
k 0,6021 L 2? W872
k • 0*6021 ' . 62 5*3055

. .5 ' . 0^6990 ■ 81 5*8779
; :'5 • 0*6990 : 96 ’ - 6#7507

31. 3 ' ' 0ak771' V k -. : 3«2k93
3 ■ 0ak771 / 8 ; - ' 3a59k9
k 0,6021 k . 3.2k93
k :' 0*6021 '12 ■ : ■ ■ ■ - 308250
5 .•. 0*6990 ■ 28 ■ k*kl72 ■
5 0*6990 36 k®6kl5

32: 2 0*3010 k . 3*2k93
2 0*3010 ; '12: ■ 3*8250

- 3 ' '.0*k771• • 20 kol58k
■■ - 3 . 0*k771-' 28 : .k#kl72

k 0*6021 17 k*0k58
k 0*6021 . 88 . 6*1750

:: 5 0*6990 77 , 5*7388
5 ■ 0*6990 92 6*k05l

3el88 02027

36798 s,7395

6386U »3852

3®62? #7002

3 O.k-771 8 3*59k9
3 0ek771. 25 k*3255
k 0*6021 k8 k*9k98
k 0*6021 52 5*0502
5 O0699O 80 5*8kl6
5 0*6990 8k 5@99k5

3®956 @2685



% Table $* ( Concluded),
37

Test 
Ho»' .

Dose
ug

Dog
Dose

Dose e f fe c t  
as percent 
m ortality

Dose e f fe c t  
in  p fob it  
u n its

> :
Standard 
deviation  
in  probits

3)4
i .  ;' OsOOOO 9 3o6 # 2 1*198 *1808
2 0»3C)10 ' , ■■ 3*2193

-’e y - ' ' ' - ' o M n .  ■ 3,2193
■ 1 3 : 0«k771 19 ■ ; ; -1*1221 ' -

h 0*602% lU 3*9197
'0*6021 v 2h 1*2937 .

5 . 066990 36 1*6112 j:
. ' 5 ; 0*6990 hk 1*8190
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Table 6® Bioassay results of DDT by Method II

Test Bose Bog Dose e f fe c t Dose e ffe c t ItDgg Standard
NQo % ug Dose 3. as percent 

m ortality  :
- i a  probit 
v u n its  1 :

tg  ' , deviation  
in  probits

21 : lo g 'll ol072 -

' i ' r ' - -
0^771  

. Gol),771
873 3" 3 • j 

391 .. "
6.126k , 3
6»3k08

' li.
it'' ■

0o6021
O06021

96 .
. 96 3. .

60 7507 
6.7507:

1 3
0*6990
0*6990

100
100

22:' .
i OoOOOO h ' 3 ■';3o:2k93

2o5k oU598

■ 2
3 33 3 

k  ,

■ 0=3010 17 
Ooti771 57 
0o6021 91

1110 ® 0
-yXASO"

3:,:3 - . .23 . 33 2.27 .. *3977 ,
2 0.3010 20 k.i58k

3 2. - • 0.3010 36o3;:, - 5.2533 3
:-3 7' Ook??! . . 5.5828

: 33 , Ook771 76 5.7063v
k O06021 88 6.1750
k : 0.6021 92 6oko5l3

*  ; '3 1
2 v

. 2 r

.. 0.0000 
, 0.3010

' v 0.3010 U8
3 ^15323
v, !..09k98

2.122 • .25833

333 . 0 . 14.771 •80 3 5.8kl6
: 0.k77l 

/: : 0.6021
:~S*99h&  ''■:■■ ■ , 

5.9985 •
3 k 0.6021 8833:3:3 3 6.1750
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Table 7o Bioassay resu lts of DBT by Method IIIo

-Test; : "Boss' \ • Log : • Dose e f f e c t  Bose e f fe c t  LD50 -Standard
Sbd : - :/ug- Dose . as, geroent in  probit ng deviation
: v ' - v " '  ■ • " • /- m orta lity  u n its  , . in  probits

25 2ii.=-hour exposure of 6=day«old f i le s  5=393 <,290#
'• Z -  Oo3Cfl.O .<■■■■ Ii.'. .•■ 3o2h93 '■ : ;

; 2 , . Oojoio 16 ' . , iioOo55' " v  :. - :
' 2 063010 1# ite08li.6

2 0.3010 19 ltol221 .
. it O.6021  28 h .W 2

it 0.6021 . ItO lto7lt67
• V 't  k - ■ 066021. it7::''  ̂ W21t7 • .. . ■ : : :  -V ■

it '0.6621 ' lt9 lt.97it9
.6  . 0.7782 M , ito87B3

' 6 0.7782 , 51 .'-'.v:'; 560251 : :
. '6^ - ^Qon^ ■ -"M ̂ ' ::.'5'6Q502 -

' 6 , . : 0.7782 61 5=2793 ' :

26 2li,-hour escposure of L^day-old ,flj.eso 7.853 ollcli.
3 0=&771 lit 3=9197:

■ 3 ' ' -: ' 0.it771 '17':^ " 2i=0ii57
5 v  0.6990 31 W O ltl
5 0.6990 39 it=72Q7 '

- 7 " 0=8it5l : h3.; ' W 236 . :
t  7 •' • •• 0.8ii5i itU ; . W8i#o: • .

' 27 hB-hour exposure of 6-day=-old f l i e s .  it.002 .2056
: 2 ;:-' .' •' ■o.3cao-;:: ,::,: i i  •': ' 5.7735- ■ . — : :

' . 2 0.3010 21 lt.1936
•' : 2 0 .3 (m  / -23 it.2612,;. . . .

*, - 2. . ., . 0.3010 ■' • •' 2 it : lt.2937
, it 0.6021 #  iio97lt9'

•v-.r-.-lt 0.6021 56 • 5.0000  . •
' ' k . 0.6021 51 • : .560251" ' : : .  .
y  it 0.6021 59 5.,2275 '
r: . . . 6 ? : ' .  0.7782 , . .'60 / 5.2533 ■

■ ' 6' . - ■ 0.7782 , : 6 it:' . ' ' ■ 50.3585 . ■ ' • '.
. " ■ ... 6 - ■■■■ 0.7782 6it : • ; 5=3585
' v"; ' ' ■■ 6 ■ ' " 0.7782 79 . 5.8o6it \  '

(cont1 d)



Table 7° . Bioassay resu lts o f DDT by Method. IIIo (coneluded)

Test
Hoe

28

Dose
ug

Log
Doie

.Dose •effect, 
’ as percent 
m ortality

:Dose e ffe c t  
in  probit 
u n its ■

LDso 
%g - .

Standard 
deviation  
in  p rob its

2li.»hour exposure o f 5 -day^old :f l i e s . . . 60 019 03331
'oif':- ■ 0o6021 ; :27:::V:;"':' W 8 7 2

U ' - 0o6021 • ': 29 : :• Uohh66
' .5 . , 0o6990 B  :::: ,:.-; - : %2?93

6 :0o7782 l!.0 ' ; B 7 W  '

■ C 7782.\ 1̂ 0 9 7 #  ■



la

Table 8a Bioassay-. r e s ia ts  of; DDT foy Method I¥c

T e s t Dos®. Log D ose e f f e c t  D ose e f f e c t LD50 S ta n d a r d
Moo •ag Dose a s ,p e r c e n t i n  p r o b i t ug  : , d e v i a t i o n

'm o r t a l i t y ■ u n i t s /  /  "V... i n  p r o b i t s

35 kS^hom* e x p o s u re  u s in g  m ix ed  f l i e S o  . 12=212 =22k 2

6 0 o7782 3 =59k 9
6 do7782 1 8  : ' ' k= 08 k6
6 Oo7782 20  ' . . . W 5%
8 0=9031 1 8  . • k=08k6

0 o9031 ; / k = 2937 -
8 • : : . 0=9031 ; ■ ■-I ■ ■ ; . / :ki»k7 5 6 '
1 0 loOOOO 36 k=6k l 5
1 0 1=0000 36 U0614.15
10 1=0000 m ko 9I4.98

36 2iH io u r  e x p o su re  u s in g  m ixed. f l i e S o 10=19 =10.29

■ : ' ' 6 ; 0=7782 ■ 2 -'-- : : : / 2 =9k63 .
■ 6 ; , 0=7782 i m : 3=9197

8 : 0=9031 16 , ke QOS’S. '
8 0=9031 36  ; k=6k l 5
10 1=0000 li,6 W 8996
10 1=0000 , k 8 k a 9k 98

37 ' ■ W -b o u r  e x p o su re  u s in g  m ixed  f l i e s 0.; .. / :7=5k 3  . ..ol75k  ■

0=6990 1 0  - 3=718k
6 0=7782 2k k =2937
6 0=7782 32 , U=5323
7 . Oo8k5l 3 0  ; k=k756

' "7 ■ : . Oo8k3l > 0 , k o 71t67 :
,8 0=9031 5=2533 :

8 ' ; 0=9031 . 60  ' . ',  ' 5=2533

38 ■ k 8“b o u r  e ^ o s u r e  u s in g  m ixed  f l i e S o 10=17 =228k

6 Oo7782 ■ -18 . 3 o59k9
' 6  - 0=7782 22 k =2278
' 6 , ■ , : : 0=7782 22 . : ■ k=:2278
; '8' ' ,;":., 0 =9 0 3 1 . '2 9 : . : -  : ' ' k=;kU66

8 . 0=9031 30 W &756
8 0=9031 3 6 . k o6k l 5
10 1= 0000 a : B=8k90
10 1=0000 k 6 W 996
1 0  . 1=0000 58 . 5=2019

(co a t8 d)



Table 8b Bioassay resu lts o f DDT by Method. IV« (Goneluded)

Test DoSe Log . Dose e f fe e t
MOo ug Pose as percent

.. ’ • ■ m ortality

39

Dose e f fe e t  
in  probit 
.naits -

US-hour exposure rising jaised f l i e s  ?
6
6
8
8

' 10 .

10

0*7782 
Oo7782 
Oo 9031 
Oo9Q31 
1*0000 
I *  oooo

20
10
32
30

'.30
30

kol^Qk 
3®718b 

: bo3323 
Uob736 
bob756 

•bob736

2b=ho'ur .exposure using mixed f lie s  0

I
10
10
13
13

0*6990
0*6990
loOOQO
loOOOO
101761
l 0176l

10
12
2b
20
30
32

3=718b 
3®8230 
b®2937 
b*l38b 
bcb756

LD50 . Standard ■ 
n g , - deviation  

in  probits

lbe77 *2181

31®73 »06bo



fable 9o Bioassay resu lts of Guthion by Method X0

T e s t Dose Log D ose e f f e c t D ose e f f e c t
No. mg Dos®, as: p e r c m t : ' ' i l l  p r o b i t

m o r t a l i t y . u n i t s  :

i a  :

1 OoOGOO 33 ■ 1 4 6 0 1
■: 1 ■. 0 .0 0 0 0 : 30 4 .0 0 0 0  '
: 2 ■ 0 .3 0 1 0 60 5 .2 9 3 3

V :2 ' : ' . 0 .3 0 1 0 62 5 4 0 9 9
3 ■ 0ol!.771 6 k  • 5 .3 5 8 5

::3 . 6 .k 7 7 1 • ST:.,- .: 6 . 126k  -,

1*2

0 .0 0 0 0 4 ■ 3 4 k 9 3
1 0 .0 0 0 0 1 1 2  . 3 4 2 5 0
2 ■ 0 .3 0 1 0 4 2 W 9 8 1  .
2' ■ . - 0 .3 0 1 0 6 k 5 .3 5 8 5 -

, 3 Q.ii.771 '■73'. ■: 5 .6 1 2 8

■■■ 3; :: 0 4 7 7 1 7k  ' 1 5 o 6 k 3 3

b3

1  . V ' : 1 .0 0 0 0 8 . 3 .5 9 k 9
Xo.5 1 .1 7 6 1 ' 2 9 ' , k . i 4 6 6
2 .0 1 .3 0 1 0 6 k 5 .3 5 8 5

■ 2 °5
1 .3 9 7 9 75 5 . 6 7 0

h k

0 .0 0 0 0 16 k .o o 5 5
1  ; 0 .0 0 0 0 . 0 1 ' . 0 .0 0 0 0
2 V 0 .3 0 1 0 : . ^ i . i . ; ,5 .0 5 0 2 ,  ;

-  2 ■ - 0 .3 0 1 0 78 5 .7 7 2 2
.:.3.: ' 0=1771 90 6 .2 8 1 6

■ 3 . 0 4 7 7 1 :■: 9 1 7 ■■ 1 7 6o3ii08

mg
Standard 
deviation  
in  probits

lo331 .3193.

2ol6? .3112

lo825 .1272

'Xo622' o2971



Table lOo Bioassay resu lts of Gutfoion by Method Ho

Test
ioo

1+6

Dose Log Dose e f fe c t
tig Dose as percent

iiiorta lity

1 ,0
lo O

2 o 0 '
’2a0:

t o

1
I'
2
2
3
3

OoOOQO
OoOQOO
0o3010
0o30i0
0oU771
0.1+771

56
6o
6o
81+
21+

76

O.QOOO
0.0000
0.3010
0.3010
0*1+771
0.1+771

12
32
35
1+0
56
'71

Dose e f fe e t  
in 'i)r6 b itu,v 
u n its  ".

LBqq 
ttg ;

5^1510

5c
5 . 99I+5
4*2937
5.7063

318250 
1+05323 
1+.611+7 
1+6 71+67 

.5*1510

Standard 
deviation  
in  preb its

2.957 .61+63

2.31+5 63217

47
1
1
2
2 .

3
"S,

0.0000
0.0000
0.3010
0.3010
0.4771

29
32
80
80
90
96

4.4466  
4=5323 
5.81+16 
5=81+16 
6.2816 
6.7507

1=304 =1737

48
1
1
2 
2
3 

-3

0.0000
OoOOOO
0.3010
0=3010
0.4771
0.4771

8
24
80
80
96
92;

3=5949 
4=2937 
5=8416 
5=8416 
6®4o5i
6 c

: i .



Table 1X0 Bioassay resu lts  of ' Guthion by Method IIIo

Test / Dose Dog Dose e f fe c t '. Dose e f fe c t LD50 Standard*
Ho0 ug ■ Dose. in  probit ug deviation

m ortality u n its in  probits

h9 Ij-S-bour exposure 3o771 ol063
2 Oo3010 19 Ubl221
2 : 0o3010 21 Ub1936
3 Golt77A 38 Uo69i|.5 v .
3 0oU771 ■M U=798l
k 0a6021 h7 Uo92U7
k: Ob6021 57 5el76U

50 2h~hovr ezposw e ' 2 a 562 o3o5U ,
1- ' V OoOOOO. 15 3b9636

: i OoGQOG •,; :i9. : U01221 ,
■ 2 Oo3QlO 31 Uo5oUi .
'2 ' ' Ob3010 3 3 ' " ' ' Ub5601:
3 - OoU7?l us. Uo9U98

. 3 \  : . OoIa7:71 7U 5b6U33 .

5 i 2ii.<=ho’ar exposure -:;'3o803:'; ' o30U9
i '  \ Go0000 ;■. 5 ; ■ . : ■ 3b355l
i  ■ , Oooodo •:; :6 ■ : ■ • ■ : 3oUU52 .

■ 2 - ;: Oo3010: -12. :3b825o; ^
■ 2 ■■ 0b30l0 13 : 3o8?36■ ■ •

3 - ' 0bW7l Uo )4o7U67
; : 3 ; v , v:.

O bW l ;:52 ; .. 5oo5o2



Table 12 o Bioas say . resu lts  of Gv.ihxon by Method IYp

Test : - sDose lo g Bose e f fe c t Dose e f fe c t LB50 Standard
Noo ug Bose : - as percent ‘ in  probit Ug • deviation

m ortality  • u n its In probits

52 I).8=hour exposure is - . .. . . ;,1 ■ 9681k >7k85
0o5 0=6990 37 k=668l
0o5 :0=6990 i 5 k.8?k3
loO 1=0000 5o 5=0000

' loO , 1=0000 - , 8? , . 6=126k
, io5 1=1761 -8 8 6=175o

V 1*5 1=1761 90 6=2816
2o0 .. . 1=3010 '■ 92 6=ko5l
2o0 ‘ ;■ 1=3010 i. .96 ; ,  . > - 6=7507

53 '. li,8=hour esposure: =383k '=7586
0 ,5  " ' - 0=6990 8 t" > 3=Ak9
0=5 0=6990 58 . 5=2019
1=0 1=0000 r 76 <.,5=7063
loO 1 =0000"' i - 8k . 5=99k5
1=5 ' 1=1761 . 78 . 5=7722

. 1*5 1=1761 ■ 80 5=8kl6
2=0 1=3010 . , . . 92 6=ko5l
2=0 - 1=3010 ; 9k. :6=55k8- ■■:■■■

51t 2b-hoiir exposure ' 1=099 ' =2181 .
0=5 0=6990 '■">22: „ ; W2278

' 0=5 0o6990' 27 - k=3872
1=0 ' 1=0000 ■' 38 .. ko69k5

\ 1=0 1=0000 1 U2 k=798l.
1=5 1 =1761-- 62 5=3055 .
1=5 1=1761.. ' 72 - 5=5828
2 = 0 ' 1=3010 61 5*2793
2=0 ' 1=3010 78 5=7722

55 li,8=>hour exposure >9188 =k093
> 0 = 5  ■ 0=6990 :: \15 3=9636 .

0=5 ' 0*6990 3k - ko5875
; i= o 1=0000 k2 • k=798l

1=0 1=0000 , 5 1  - ...5=0251
.. io5 1=1761 .. .52 V  5o 05Q2:

1=5 1=1761 86 6=0803
' ' 2=0 1=3010 88 ■ 6=1750

2=0 1=3010. ■ V 92 >; 6=ko5l

(eon t8 d)



Table 120 _ Moassay resu lts of Guthion by Method IV. (concluded.)

; T©st :. Dos® , Log Dose e ffec t ; Dose e'ffeet 
Ipo ug Dose .-'.as percent in  probit mg

units

$6 ■ ,W=hour e^osmre » 1*213
0=5 0*6990 10 1, _ 3 ; 7 i #
Do 5 ■ ' : 0o6990 16 • : lj,o0055
Go 8 " Oo9©3l : 12 ' 308250
Go 8 0o9031 20 , k«l$8k
log .1,1761 . , •%>■: . : 5,0000
L J -  ■' Iol701 ■ 72 .. '■ 5,5828
2 ,0 1,3010 77 5o7388
2o0 ; .. lo3610 87 ■ 6012611.

Standard 
deviation  
in  probits

o358G'



• - v ]_j.0
Table 13« Bioassay resu lts  of Toxaphene' by Method. Io ■ ■

Test ' Bose ■Bor ; Dose e f fe c t ' D ose'effect' KB5O Standard:
Ma ■■m Bose : as percent in  p fob it u r deviation

m ortality u n its in  probits

57
io  ■ 1*0000 . 28 : • it©I|172 1 2 ,8 6 : .1L55 V
10 i;oooo 2b 4*2937
15 1*1761 ■ ■■■■.;,.'. 5*3585, •
15 1=1761 ■ 60 542533 ■ ,

■:'20 1*3010 88 641750
20 1*3010 92 ' . 6*4051

58
' ............ - "

10 lio o o o 3*2493 15*54 .2981* :'■
10 140000 ; ' 8 - ' :  7 3*5949 ■■ ■■ ' ■■' , . . > l. -
15 1*1761 . :/ 30.V :v; 7 ' ; 4*4756
15 ' 1*1761 : 36 " , : ■ 446415
20 : : . . ' ' 87 -  ' : -  '  : " . 641264

. 20 ;v 1#3010
1 . ...." ... v .

88 . 6*1750 :.

59 .
■ 5  ,: - ^ ,046990 'i'7::7V:- 7'^ 345242 8*03 ;; 42379 :;57: -
■ 5:>; : ' 0,6990 '■* 8̂ "V. . .7;::■ ■■ 3*5949
.10 :; ' 1,0000 Bit: 549945 , ' . . i "

' 15 . 141761 95 " ' 6 @6449
. ' M■ 15 . 1*1761.- ■: .'96 . 6*7507 :



k9

Table ll|.» Bioassay resu lts of Toxaphen® by Method I I »

Test
HOe

60

61

62

Dese Log Dose e ffect Dose e ffect w #>.. Standard
Ug ... Dose as percent in  probit tig deTiation

mortality mnits in probits

5 . 0*6950 0 0»0000 10*16 *3268
.10 1*0000 '■ 36 W61ll5
10 l eOO0O 60 5*2533
15 1*1761 88 6*1750
15 1*1761. ■ • 92 6«li05l

5 016990 16 teoo55 6® 761 @1131 '
5 0e6990 ■ 16 ko0055
10 1*0000 88 6oi750
10 1*0000 - 92' 6*W 5i
15 1*1761 1.00 - - -
1 5 :  ' 1*1761: 100 >s» a=scastesS«ioaea=i

- 5 ' .: i 0*6990 ' : 5-V ' • . ' 3*1192 20*16 ©5608
5 . 0*6990 i  10 ' . 317181.

:.10 1*0000 • : 23 . 5,2612 '
10 1*0000 23 5o26l2 .

• 1 5 ' • 1*1761 25 5*3255
1 5  • 1*1761 ' : 25 5*3255



50,
Table l5» Bioassay resu lts of Toxaphene by Method ill®

Test ' V-lOose'i  ̂ -Sog ' f f - , Dose e ffec t Dose e ffect 50 f Standard:
Mo* .' " ''T2g lose-;';-;. f as percent in  pf obit ug deviation

m ortality , units in  .probits

:63:.'':v : Testing with_three day old f l ie s  for 21 hours® ' , ,

10 - 1*000.0'' 3*21)93 23*9 .;. 'a702 '
io .  i;.oooo ::5 v 3*6592 ; " . .
15 1*1761. 16 :;/■■■■ ,, aoo55 . ,

• 15 1*1761 ;. i;".; a2278 .
20 ‘ 1*3010 .

• 20, . 1*3010 39 ■ i ' . a7207 . .

61 Testing with three day old f l i e s  for 18 hours*

10 1*0000 13 ' .a8236:; ''11*23 :<>1396 ' .
10 14.0000 # 7 7 2 5 : ' r ':
15 ' 1*1761 63 ;5a3 l9  ...>
15 • 1*1761. .75 ; . ;';.:'' ,5#67# :
20 1*3010 :83:5:5- "5*95a;i'.; .' - i '
20 ,1*3010 , 7 9 ' - ' : 5*8065 •

65 Testing with, f iv e  day' old f l i e s  for 2 l  hours® -

10 1*0000
r  n  i AA nH

.--io
\ 7 a e : -

% m >  ; 1.7*86 1326
XU . x#uuuu
15 ■ lil.761

1 'V 1 , ,i .
uo

Jo fXOU
a i a ?  ■ :

\::i5 /;'';v.f'ia76i:'.v;,:; a  . . ; 1.7725
20 1*3010 62 5*2019

■ 20 1*3010 58 5*3055

.66. Testing with, fiv e  day bid f l i e s  for 18 hours®
10 1*0000: - 39 1 1*7207 11*83 *1090

. 10 ; v 1*0000 ; . 38 - B69ii5
:..15.:;: ' . >1^761^ v.i-: 60 5*2533

15 1*1761. 70 5*52#
:■ 2 0 : ■i*3oio. ,r . : % ; 5*99ii5 . '
; 20 . . : ' : 1*3010 85 6a36U

6? : T esting.w ith . four day old f l i e s  'for 2U homrs . - . . .v:' ■
18 ' ; ; W08&6 ' llt®2g

: : 5 0,6990 ' " . -g i i  . i  1*1936
10 loOOOO 21 1*2937
10 . i»o o o d  31 - : - ' , W$875:': ' -

... ; l5"... lc,l.?6l ' 51. ■ ■ ■' ', ' 5*0251 ‘ ' ', ■ i
15 1*1761. . 59 . .''5;2275'. '  ' i  :!' :-'.
20 ■ 1*3010 57 5=1761

, : 2Q 1 °3010 . 71 . 5,5531



Table ljs, (concluded)

Test :Sdse .:.. "Eog'; '  
Noo . mg Dose '

. DoS'#' e ffe o t  
a s percent 

; m ortality

: Dos© e ffe c t  
im probit 
u n its  .

■ ' ED^o - . ; 
mg

Standard 
deviation  
in  probits

Bsting with, $ ilay .old :f l i e s  £or h.8 hours * ''

. ' :: ' 5: 0*6990 • 15  ;v:: 3*9636 ' ' 7 * 8 # *2323 ;
5 0 *6 9 9 0 ; 3 )4 - - • : - hm m s. r  ■

- ■ ''-■icD liOOOO ■- - 66 ... "  . .

V  -  '-lie) 1^0000 67 .

15 1^1.761.
15 1*1761, , ,

: ; 82 .. . 
%  . 5A991& :

5 1*3010--':;::;:l-,9© !; . : # # 1 6 '  : '
3 1*3010 96 ■■■■. ; .6*7507;' : ■

69 , ; v Testing- oot day. o ld ’- f l i e s  for  Zk hours*
isoooo: 'M6- :. :v S 8 7 B  ' 9*9% t;# iW .

10 i-eoooo / - 55 5il257
- 1*1761. 6k 5S2585' - : ., ' t

1*1761-'. ;.::';: :.: :'., -Sli677 t  - :t.V
'Y'ZO' - l a o i o : ' ' ; '71.: ' - I' ; - 5S553lt ' :' ;

20 1*3010 80 5*8iil6 :

■ 70 ' : .. Testisig, with, f iv e d a y /o ld -f lie s f©r 2h h o u r s * , f -''
Oe.6990 '' 11; ■ , . ' 347735 10.96 *2012

' - r 0*6990 ■>20; t, -. ,'v : . m 5 8 h  -
10  . . i;o0oo 38 ■;■: ■ ,' #69&5 ,, t  1: I 't t ' . ' , ■...!...
10 " 1*0000 .-61 ■540251 '

- 1 2 . - . l e i 761 60 542533
16 ' 1*1761.. . 69 5*ii959
20 1*3010 7l* t:-, .^ W 3 t ' ' t ; . f t t ; : '  - ;  .
20 XelOlO''' ::85:l;-:;::-" 1 ;-6»036h .

; n Test'llig, w ith ,four day ©Id f l i e s fh f W homrs® - , -
0*6990 . '3*1192 ' 10*12 - *hol6. :"'t."t :

6 0:69^0 20 : m 5 8 h  t - t ; .
1 0 :P liOOOO V , 53 3 *07531. •' f t  ;

: f l O  . . 1*0000 : ;' ... W , : ' h»7U67
' ' -,16 1*1.761.' ■ "-75:'I;-: - f t , ' 5*6776 f

"16 "1^1761- ' - 83 5^95&2 t  '

-7 2 ;. V Testing.w ith, four day old f l i e s  for. 2k, hours® . - , :

6 0*6990 . ; f ,  tb f :346592' 20.69 *1135
6 ::- 0*6990 0 , ■ • . 0^0000 t  f
10 1*0000 19f iiel221'! ■■ : ■ t  f  -: --

- 1 0  - 1*0000 . ■ 2h #42937 '- -:f' ; -:'f ;
16 1*1761 3 5 . . : m tm ?  1 1 -'ti'
15 1*1761 hk  . #®8h90
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Table 16,= Bioassay resu lts  of Toxaphene by Method

Test Bose Bog Dose e f fe c t  Dose e ffe c t  LD̂ q ' Standard,
.No© ,ug Dose as percent in  probit ug ■ deviation

- " m ortality  u n its  in  probits

73: Testing with_Drosophila for  W hours,«

5 " 0*6990. . 21 U»1936 7»697 0 e09it3
&  0,6990  27 ' "  t o 8?2 t  -

10 loOOOO 66 5*la25
"lO , 1*0000’ , 70 i  : . v  - :

' ■ l,« l76 l . 8U • : :5j99ii5 ' ' • : • : /■ 'r.:
■ : l - a 76l  ■ ■ 86 6*0803 ..

. 7  ̂ : Testing ‘w ith ,Drosophila ,for lt8 hQurs,i . . i  , . ' ;
1.0 . 1,0000  . 50 : • 5*0000 9*679 *2066
10:"'''sv':i;# o o ^ ' - S 0502 : i  -  M / ■
-ig: # 1 7 # :  -  ’ 9li -  ' ' ' 6k55W’" / ' : v ' -

' 9ii v ' ' : V 6*5518
■: 20' -,' ' 1,3010 98 : &0537 ■ ■. ■ - . - ■' .
■gOviM,'; 1*3010^: ■ J/..100: ' , "  '

75 Testing with.Drosophila for 2k hou rs,.
"V V; o : OiOOOO ; ' 13*53 *3006

5' 0*6990 : ' 5" D^'v 3i35^'-'.'v'--v': - : ■
10 . - 1 ,0000: ■ '"21̂ . /  ■■ ■■■ua931,. ' ■ ■' '

•• .1 0  1*0000 28 li.elD.72
15 . l-c.1761'. k7 k*92h7

. 15'' .,,' '1*1761 • ■ 72 ' • 5*5828 : :V'

76 , . Testing with Drosophila for 1*8 hours, • . ; : , ' .■•
5 0*6990 ' 1*1’' ' t . l Ost a >1337-

' : : 5 0*6990 ' 6:vv ,:/'3&#52-,,,* ; , v " , v.v.
10 1*0000 ■ #  t ; / ' $ * 7 9 8 1 : ' . , ' " :
10 • 1*0000 52"' v:. ,:5»0502 y '..* . -

: "M5,:y. ' 1 ^ 7 6 1 :  ' 546103:
...■ 15.,: V 1 * 1 7 6 1 v 75.- ■ ' : 5*6533 ... . , :: , .

77 Testing with,Drosophila f o r . 58 hours . .

v̂ ,"' : ■ ■: 0*6990 ' ' 26 . , ■' :5.;3567 ' ' ' 11*61 *2156
:5"r' 0*6990 ':v12'v 3*8250 . . : v

."' .'IQ • 1*0000 ,  50 ''. , ;5#.f567 : '
.,.'..10,' 1*0000 ,.'::38''"" 5*6955 ' ,

15 351761.... .:66:.t..:: : 5*5125-'", . t . -
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Table 17o Bioassay resu lts of Malaihion by Method I®

Test
HOo

78

I f

80

81:

15
20
■25

Dos®
ug

Dog
Dose

Dose effeet- 
as percent 
m ortality

Dose e ffec t  
in  probit 
u n its

BD58Ug
Standard 
deviation  
in  probits

10 140000 16 ii#0055 13s5 *3657
10 leOOOO 2k v . 11*2937
15 141.761 ;, W V li*9ll98
15 60 542533.' '■■■
20 1*3010 8 k 5*99li5
20 ■ 1*3010 :; /96 ' .' :6s?5Q7 '

1-3975

18
m
60

2 0*3010 22
2 . 0*3010 25
k 0*6021 k6
k 0*6021 hs
6 0*7782 us
6 0*7782 52 ,
8
8 '

.049031 m
0*903$- 75

10 140000 56
10 1*0000 ' 83

15' ' 
20 . 'lo30lO.

■ k"" 
' 1 6

20 143010' . 32
25 1*3979• t o
25 1*3979 ' 56

W 8 W
W W 7
5*2533

h®22?8
W3255
h*d996
b*9k98
U«9b98
5«o5o2
m m

3®

1*5323
b#7M?
5*1510

19*99' #358?

U*8t *2157

25*22 62731



Table 1.8® Bioass,agr resu lts of Malathion by Method I I 0

Test
Ho*.'

Dose
m

Dog o f  "  
10% Dose

Dose e f fe e t  
as^pereent■. 
m ortality

Dose e f fe e t  
in p r o b it  

; W its  3 :
3 »  ■

Standard 
de^iatioh  
in  probits

82 • ■
: i  ' 
' T .

1*0000 
i»oooo :

8 ; - '
. 9 . : .

3 4 59#  • 
346592

3 @33 *2218 3

1*1761/ . . .12: ■ ; ./ 3*8250 '■ ■ :
: x m & .  ' " 16 ' - # 0 0 5 5  3

2*0. ; :;' 14301©■ ■ ' 22 ,,#2278: . ' /
i 2;®0- ■ • 1«3Q10. /^;39/ : ' ,' W 2 0 7

■/,."■: / : / /  : ; : ■

83
©@6990 ': '17'::;, ' # 0 t o 8  3 3 # h 3 8 >2525

0*5 . 046990 1 9  /  : ii.41221
'. 1*5 

145
141761 /  

. I 4I 76I  '
: 17 ■

29 / '■/ . - / •,
hoOtoS 
# # 6 6  .

2®=0 1*3010 30 V. # # 5 6
2e0 1*3010 37 , #6 6 8 1
2e5
2«5

1*3979
1*3979

m
53

# 8 # 0  
5«0753 .

8h
■ 1

' 5  ' — 3 .. ■ ■ . -
1*0000 ; 2 ^ ' - 4- '■/#293t 2*272 *2073

■ : i , : . 140000; : 32 3 # 5 3 2 3
.2 1*3010 39 - m m  . ■ - .3 -

■■ 2,
. 3 ■ ■■■ I l S w

to  . 
56

#3to7 .
, 35m m

; ' 3'

;3 v : ' I 4 h 7 7 i . ; 4 6 9 , : ;//5 # 9 5 9  34

W
..•:’i * 30io

, ; " ." ■  J- , „ ; ,J

_ ■ r 6h 5.3585 ■/147223; :,37W'::^
2 ■ 1*3010 69 54 # 5 9 /  : / ■ ; 3

V 2e5 :... lo3979 . 68 r ' ^ i m n / :; .:
■ ■ 2e5 1*3979 1/923  4 0 ; 3; 6 ®to5i /

. 3 l ah771 -  90 y ;/ : 3 ' # 2 8 1 6
.3' ' leh771 . 96 3: ' 6*7507, '



Table 19® Bidassay resu lts of Malatlilon by Method III®'

Test Dose . Bog ". . ■ Dose e f fe e t Dose e ffe e t  ED̂ q Standard
■Ne* * ; Doge as pereehf In  p f obit ' ug deviation

m ortality u n its  - ' , : in  probits

86
. ' ' ' ■ s ■ ' : ■ . . ■■■■ ■ ■

Testing witli. f iv e  day old f l i e s  for 2b hourso .
10 ' 1.00000 2 ; 2*91463 35*72 * n o lt:
10 laOOOO k ' 3*21493:

" 1 5 ls l7 6 l 8 3*59149 ; v
15 i ; i 7 6 l 9 3*6592
20 1^3010 18' .
20 . 1*3010 20 ' . w s h  -

: 25 1.3979 31-; . , h*50l4l

m ] ; : ] :■ T estin g .w ith :five  day old  f l i e s  for 2h  hours® .

. 5 , .0*6990 ■, 3'". ■ 3;ii92::.-; 1.6*91 . *1i6148 ; 7
5 0*6990 13 : ': : 308736 -

■10 i;o o 0 0 12 3*3250
10 1*0000 '20 ■ : ' ltil5 8 ¥
15 141761 70 5»52ldit

88 Testing with, f iv e  dey o ld . f li .e s  .(new, standard) . . ,

. 2 ■ . 0*3010 5 3*35517 16*97 1,5198
2 0*3010 , ■ 6 . 3#W52
5 0*6990 r v  . . 3.W152

. 5" , 0#6990 13 3*8736
10. , liOOOO 22 ; . : W2278
10 ■ lio o o o 12 '3i8250': .-

; 20 1*3010 70 5*52#  :

89 Testing w ith  f iv e  day old f l i e s  (using new d ilu tio n  of ..standard)
1*3010 ,1 0 0  \ — ■ • , •11*85 ;. . 40252:':';

20 1.3010, 69 V . - 5^959
. 25 : ' 1*3979 78 5*7722' ' ; ' ; - '
/'25.' ' 1.3979 '.:.7k 5 #61*33 .

30 i;M771 83, : . - 5495it2
30 1*1771 79 5*8o6h •



Table 20® Bioassay resu lts  of Malathion by Method 1? 56

Test : ' .#dse - Mg '\ Dose e ffec t Dose e ffee t % 0 Standard '
■SbV ' -ag Bos© 'as pereeht . in  probit ■ Ug- deviation

mortality units in probits

90 2 k  hour, exposure®

' :r 0A0000 2U ; 6*2937 ' " 1*28 ;a913 ; . ' ;V
1 QsOOOQ 36 ; 646615
1 0*0000 w 6:9698
n ‘ Oaoom a a 6:9698 / ■ : . '

- 2 ■ 043010 546677 ' V ■ ■

' /g' 043010 70- - ' . : •'545266
2;, 0:3010 70 , , - :: 5: 52a
2 0,3010 72: . 545828.
3 o a ? 7 i 78 . 5^7722

' '3. OiJiTTl 80 5*8616 ■
- 3 o a ? # '  - B k "5499a-"-
3 0 M U  : ; a6 : 6*0803 ■' '. -1 '

% ii.8 hour. exp osxire ®
: 1 : • . 040000 32 . a®5323 1*116 :;^1667. :  '
; ' t - 040000 a ? . ; ' 647981: :

- I ' o«oooo a a  v : 649698
. xl^ 040000 50 : 540000 .

'a . 043010 80 548^6 .
'' 2 0®30l 0 82 S S 5 6  .

2 0*3010 82 5*9156
- 2 : 0*3010 86 6*0803
:.:'3 : :'0:%771:'r: 9 0  ......■ : " : 6#2816
. :3 " ' :  . o a ? ? !  . - 6*5568 v
. 3. . : o a 7 m . . : 9h 6*55#

3 o a 771. 96 : ■ 6*7507

92 ■ # .  houre^osure®
I:' 0*0000 . ' 16"; ' ' #0055 1*666: ; *2197 "";

. v l . 0*0000 ' 3&. ' ; ^5875
: -'2 ' 0,3010 ;■ 5 6 : 5*1510 : ;

2 0,3010 4„. : 5,3585
3 • 0 a 7 7 l; ; : :.'78’ ' 547722: ; ;

■' 3 ;: oa77i: 80 5*8a6



Table 2CU (Coneluded)

Test; "Pbsei'----'- ''Eoil!''' Dose e ffect Dose e ffect I f e  Standard
' Mb*: /  ; ug Dose .. as'percent :£ n : p r ^ i t ug ': deviation

. - . ■ ' . mortality ", , in  probits

93 ; hour/exposure, V.;; ■: : ; "...; - -rt-
1. ’ OeOOOO ItU ii»8ii90 ' l*OU6 @300

' V ' ' -  :1 OeOOOO / v ^ . '  ■ ' ; 5^0502 ' ' •' : •. , r,

■  ̂ :3v - Qe477l; -C ■; 5 a 8 tis  V  : d , - .

.;;'v ; 3 : - ;:V'Owlt77i' ' ;v i-;

91. • 2.1 hour exposure»

: : . x t ' OeQOOO : '" '66
.'1 .. . 0@0Q00 78

- : 2 : • '' Oi3d3i0 :' < ;x:90
: ' , 2 \:92

28'x ; ■'. ' ; ltH 7 2  : • Xo353 *

S3 . . : . &W7 v X X x
76 - ' /. ^ 7 0 6 3  v / :V "  , \X ':
9 l ' . :  - v ; : ' 6.6119 .. ■:

9 8 ;. ' ' : ' \  : :  7 * 0 $ 3 7 - : : - '  v:-:

96 ■ 1 18 hour esq)©sure®

1 . ' o#000 ,.:v t 6 6 5=1125 : 1@289 $6681
'X. . ' 0*0000 r;: '--tS: i -  • . 5*7722,': -  ■: ■; , ■ ... / . t:, : : ....
2■’ .0 i30 l0;' •■■■ • v^2,, • 6=1051. . ■ : ■'
.2 . -. : ;©eol0'' 98 7@0537 ' ■ '. )

95 :' 21 homr; e^osur©: --'C;

x, : OeOooo . .
: . 2 ; ' 0 0 0 1 0  .

2 00010
' ' 3,..: 0=1771'
' • \ 3 ■ v 0*1771

. 5 =1X2 5 . '  1 0 .7 2 7  0 9 0 0
7 5 0

6=2816
6*l05l.

•97 :, 2 l hour e^ogure-o
o a . 0;6021 7 2;' ' ■: 7 '■ 20163
o a 0@6021 :'7l" 77. X' 3*2193
0#6 0»7782-  ̂711:7; , • . . 3=9197
0*i6 . •0*7782 ■' .l5,.;7-v 30636
l . i© ' -■ 1=0000 7738'.,' 1=6915
1 0 10000 •7 ■•7 .1 0 -  ' 7. 10167

■1=117 . 0315
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ll#SSB8.y. e#

t e s t  
Be* , IQx .Dos©

Dose effect'
<-u yr-eent
u o rU lity

®<m o ff  
Sa- w #

^tandasd . 
defSstion' ■ 
in  p r o f it s 1

■0»t 
.Ob 3 
Obfc 
0*?

0,0000
0.301#
04i7?l
0o6021
0.6990

■k

Owl OoOOOO 1
0*1 0.3010 26
0a3' 0.1*771 If 8
Obli 0.6021 75
o=5 0=6990 92

0.3010
O.WTl

0.6990

. l i s t

■O.t
O.I|
0.1*
Vo
3.

«**>»

i . i s ®  
>4

Sb6oa.

hM
67
73

W

k  81*90 , 
5 4 *3 9 9  
5.6128 .

1.1*17?
5.52B ,
5.7063
6.2265
6„2816



Table 22. Bioassay resu lts  of D ieldrin  by Method I I 59

Test
No.

Dose
ug

Log of 
10% Dose

Dose e f fe c t  
as percent 
m ortality

Dose e ffe c t  
in  probit 
u n its

“ 50ug
Standard 
deviation  
in  probits

102
0 .1 0.0000 h 3.21)93 .21)10 .01)35
0 .1 0.0000 0 0.0000
0 .3 O.L771 68 5.1)677
0 .3 O.L771 68 5.1)677
0 .5 0.6990 92 6.1)051
0 .5 0.6990 92 6.1)051

103
0.2 0.3010 Lo 1). 71)67 .1956 .2771
0.2 0.3010 60 5.2533
0.3 O.L771 88 6.1750
0.3 O.L771 92 6.1)051
o.L 0.6021 96 6.7507

10ii
0.2 0.3010 60 5.2533 .1576 .1261)
0 .2 0.3010 66 5.1)125
0 .3 O.L771 8L 5.99U5
0.3 O.L771 88 6.1750
0 .5 0.6990 96 6.7507

105
0.2 0.3010 h 3.21)93 .2581) .1873
0.2 0.3010 8 3.591)9
0.3 0.1.771 80 5.81)16
0.3 O.L771 8L 5.991)5

106
0.2 0.3010 h 3.21)93 .2553 .1)971
0.2 0.3010 2h I). 2937
0 .3 O.L771 8h 5.991)5
0 .3 O.L771 88 6.1750
o.L 0.6021 96 6.7507
O.li 0.6021 96 6.7507

Univ. of Arizona Library



: ' vv : : V6d:
'Table 23* Bioassay, re su lts  of Di e l  dr in  by Method •IIlo

Test: Dose Bog of Dose e ffee t, Dose e f fe c t DD̂ O Standard
N© e : Ug 102 Dose as percent in  p r o b it , ug deviation

m ortality . u n its in  p reb its

10?. Testing with s ix  day old f l i e s  for 2!$ hours»
■ 0*2 0*3010 33 1*5601,. *308 *2092

0*3 0$b?7I 50 • 5*0000
0*k 0*6021 . 57 5,1761
0*5 0.6990 ' 62 - 5*3055 ■ : ^
0*6 0&7782 85 6*0361
0*7 0*8L5l : 6 ? ' ' 6*1261

108 Testing w ith f iv e  day old  f l i e s  for 2U hours.

0*2 0.3010 ' :::.:;17 - 1*0158 #3169 $2100
0o2 0*3010 20 1*1581
0®ij. 0®6021 19 1*9719
O S  0*6021 58 5*2019
0*6 0*7782 ..77 5*738.8
0*6 0,7782 ■ 91 :/ 6*3108
0«8 0*903% ': :93 ; 6*1758

169/ ' Testing w ith s ix  day old  f l i e s  for 2it hours®
0#2 0*3010 , 60 -, 5*2533 *1765:. , elO ll

, 0*3 o « h in 80 : 5*8116
0*ii 0*6021 88 • 6*1750
0*5 0*6990 95 ' 6 #6119
0 ,6  . 0*7782 98 7*0537

Testing w ith  f iv e  day old f l i e s  for Zh, hours.
0 ,2  0*3010 20 1*1581 ; *31767 *2282 .7
0*3 0^771 id. 1*7725
o J i  0 06021 70 5*5211
0*5  0 ,6990 72 :5*5828
0*6 0*7782- 68 5*1677

, , 0*7 0.8U51 80 : 5*8116 7

111 . Testing with f iv e  day old f l i e s  fo r  1*8 hours.
';0Qf  1 0*3010 : - 3 6 -7 -7 1*6115 *2191 *2338 • 7

0*3 0*1771 56. 5®i5l0 .. " -

0*1 0*6021 V, - ; '81\ .: 77". 5*8779 '
,0^5 0*6990 71 5*6133
:0*6 0*7782 , 77 5*7388
0*7 0*8151 82 5*9151



Table 2k•. Bioaesay resu lts of Dieldrin by Method IVo
61

Test Dose Bog of Dose e ffe c t Dose e ffeet E%0 Standard
l©e . ug 101 Dose "as percent in  probit ng deviation

m ortality units in  probits

112 2k hour exposuree
0*2 0*3010 . • 22 1**2278 *2779 *1221*
0»2 0*3010 32 k*5323
Oeit 0*6021 m $*61*33
Ooi . 04,6021 :76 V 5*7063
0»6 ■0*7782 ■ 92 . 6ol*0$l
0*6 -i 0^7782 ; v: 9k ' 6*5518

113 1*8 hour; e^osur® *
0*2 0*3010 .1*2 1*0 7981
.0*2 0*3010 .50 $&oooo
Ool* ' 0^6021 81* 5*991*5
0<il$. ' 0 @6021 92 6ol*05l
0*6 0*7782 96 6*7507
0*6 0*7782 96 6®7507

»2083 : el780

III4 2k hour- eacposursc

0 o 2 : 00.3010 . 10 ■ '■ 3*71.81*
o#D o a o lo  : v : ■ 16. / 1**0055
Ool* 0<f(6©21 60 5V533
QV* ' 0*6021 67 5*1*399'
o#6 o m s z  ■ 87 6.1261*
0»6 0*7782 88 6al750

»3to2 a 2 k k

2k  hour ezpesureo:
0*2 0*3010 10 3 - 7181*
0*2 0*3010 51* 5eiool*
Oel* Os6021 75 $0671*$
0*1* . 0*6021 • 86 6=0803
0*6 0®7782 : 92 6=1*051
6*6' '0®7782 . 96 6*7507

,2669 0S26S

116 21* hour exposure.

0©2. . 0o3010 32 l*s5323
0*2. 0*3010 1*0 i*s 71*67
0=1* Or6021. ' 62 5o30$5
Ook 0=6021 71* . $o61*33
0*6 067?82 . 86 6e0803
Os6 087782 90 6s28l6

,2669 . e l 769
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'Table 2k* (GonelMed)

' Test 
Ho*

Bose
mg ' . :

log .'o fv - 
10X Bose

Bose e f fe c t  
as percent 

.m ortality

11-7 U8- hour exposure,,

Dose effect;, EDc 
im probit mg'' 
m m lts : vv V

0*2 0*3010 : ' ' 5o0000
0*2: 0*3010 , 52 ; ; 5®O0O2
Q̂ tt 0*6021 ' 7 5e5828
O0U 0*6021
0®6 ; 0*7782 96 6*7507
o,36 0*7782 .9 6 . , 6*7507

Standard 
deviation  
in  probits



APPEBDIX B 

!!l .!.!! Spbola: 

X • the :f.Ddividual dose levels ill log units. 

Y • the respoue to each dose in probit ud.ts. 

S • the a,mbol ai.pif)ing a suaaation. 

b • the aaaple regression coeftideat: • .e 
a • the man of the mortalities eorrespoJdiDg to a deT:lation of zero in 

the close lnels. 

~ • tb.e na'ber of observatio~ in tl1e test. 

SX • tbe S'WIDIJation of all the doses. 

SY • the I!A'IDiatioa of· ·an the dose effects. 

sx2 • the SW~~Ration of the squares of the doses. 

SI2 • the SUJBmatioa of the squares of the dose effects. 

SXY • the SU~~~~ation of the dosage times the dose ef.t'•ct• 

Sx;y· • stUR of tla products of tlJe deriatiou of both parameters X andY. 

sXl • aa ef tbe equares of the deviatiou of x. 

sr .• .,., ot the squares of the deviatiou of y. 

A. The data. 

l. List the actual doses used,· am the percent ef'fects then· ccmvert 

the doses to logarithms (I) and the per cent effects to probit 

units (Y). 

2. 'When some of the doses in a test are less th.an cme and designated 

1a decimala, mul.tipJ.7 all the doses in that teat by' ten before 
63 



6k

converting in to  logarithm s,

B, C alculations o f  functions,

1 , Calculate the summations SX, ST, SZ^, ST?, and STY,

2 , To ca lcu la te  the functions Sxy, and Sy^, the follow ing  

equations are used,

Sxy « SXT > (SX) (ST) 
n

S i2 -  SI2 -  (S I)2 
n

Sy2 -  ST2 -  (S I)2 
n

3 , Calculate the sanple regression  c o e f f ic ie n t , b as:

lu Calculate the function , a as:

a ■ ST -  b (SX) 
n n

5# Prom the above two ca lcu lation s the UD̂ q i s  arrived a t by 

the equation:

T * a + bX and X * T ~ a 

where T i s  the $0% m ortality  p o in t, then su b stitu tin g  the 

probit u n it for 50% (5) in  place o f  T in  the equation so lve  

for X which would be the dose required fo r  a 50% e f fe c t ,  and 

equivalent to  the ID^q,

6 , To determine the error variance and standard deviation  for the  

regression  equation the follow ing procedure i s  used:

■ /  s 2y ,x



o
Where s y t-r Is  the variance and SyeX 

i s  the standard deviation  or error#

Sample Problem

Solution  o f the D ose-effect curve o f D ield rin  by Method 17

65

Dose In Dose in lo g  Dose e f f e c t Dose e f fe c t
micrograms micrograms dose as M ortality in  probit

xlOx units

0#2 2#0 ,3010 22 lu23

0*2 2 ,0 •3010 32 lu53

0,ii li,0 ,6021 7k 5.6k

o#li luO ,6021 76 5.71

0 ,6  6 ,0 •7782 92 6,1*1

0 ,6  6 ,0 •7782 9h 6 ,55

Step Is  51-3,3626 SI-33.07

sr2 -  2 .U 71 512.185.82

SIT -  19.556

Step 2s

Sxy -  SIT -  (SOC) (SX) -  19.556 -  (3. 3626) (33. 07) -  1.0235
n 6

S i2 -  SI2 -  (S I)2 - 2,1171 -  (3,3626)2 |.  .2329
n 6

Sy2 -  ST2 -  (ST)2 - 186.82 -  (33 .07)2 - U,5U92 or U.55
n ■ 6 —



Sample Problem (Concluded)
66

Step 3 *

Step L%

Step

b s  Sx^ ■ 1 ^0235 —
Sx 123^9

a a (Sy) -  b (Sx) = 33.07 -  h*UO (3*3626) « 3 .05  
—^  —  — 5—n n

1*050 = Y = a f  hX. I f  Y i s  50% k i l l  then Y ■ 5.0000 probit u n its ;

therefore 5 = & + bX and X -  5 -  3.05 * 0.1L318. The an tilog  of
h.kO

O.bWlQ i s  2 .77; therefore to convert back to  the original 

dose le v e l divide th is  by 10: 2.77/10 = 0.2777 s  the LD ô

s y .x  = Sy2 -  b (Sxy) -  lt.55 -  li.LO (1.0235) = 0.01165 
U -2 )  5 ^ 2 -----------

Sy.x = 0.01165 probit u n its .
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