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INTRODUCTION

Pr1n01ples of Bloassay}_ Bloassay 1s the measurement of the

“VJvuresponse of a 11v1ng orcanlsm to. some chemlcal or, other substance whlch

' 'fihas b1010g1ca1 act1v1tyo‘ The maln prinClple of 1ts use is the quanr

"jtltatlve detectlon of such a substance by observlnv certaln crlterla
'_W1th respect to blologlcal actav1tyo Thls respoase may‘be affected.by
‘ftemperatures llght :ert;ensrr.x9 age9 sexs blology'of the test efganlsm *a' "

'»‘and by 1nd1v1dua1 and.spe01es varlatlono Thls makes it necessary'to

B fjstandardlze a. method of carrylng out each step in the bloassay'systemov

“The factors to be con51dered areo the blologlcal nature of the test

: matema].‘9 presentatlon of the chemlcal to the organlsm, selectlon of

',“The Analytlcal.Reagent“ (1nsects) 1n a standard way for every test, and R,

‘aflnterpretatlon and evaluatlon of dataovl,'

Blologlcal assav has been employed for about flftj years as..

v'eﬁ'exhlblt blolog10a1 act1v1tya Dur;ng the last tWO decades bloassay'has

. >3180 been put to use An evaluatlng 1nsect1c1deso At flret 1t was used ’,*":"'

'«;as a method for evaluatlon of tox1c1ty and sen51t1v1ty and for’ screenlng w vsf‘v

N 1nsectlcldes for effectlvenessok Thls led to the use of bloassay for
: quantltatlve analy51s of 1nsect101de re51duese';~ _'

Chemlcal methods of analy51s are stlll a standard procedure for

";'analy31s for mcs% 1nsectlcldeso: Bloessay methodc are valuable, however,

: u’for quantltatlve detectlon of r651dues of new 1nsect;01des for Wthh

P chemlcal methods have not beenvdevelopedg and for screenlng 1nsect1c1deso.,




2 e
’,}Aveiieble methbds of ehemical‘analysis for some insevﬁicideé may be se
3speclfle that not all the actlve reSLdue metabolltes or oxmdatlon prem_'
;’ducts present are dewoectedo In contrast9 bloassay methods detect these
other blologleally actlve produets WLthout the highly speclallzed.lnm
 ‘struments or large 1nvestment of tlme requlred for chemlcal methodso“‘

The rapld development of synihetlc organlc 1nsectlcldes led to

'"‘ the development of bioassay methods sultable for thelr quantitatlve

‘ analys1so -The nonsreclflclty of bloessay makos it appllcdble to new .,
| eproblems of analysms of blologlcally actlve materials such as insect-
 ,1cides@‘ Varvatlons 1n exposure methods and 1nd1v1dual and specles varia-
‘":;tlons are SGlll problems that must be coped wmtho The proper ehomce of
'ela method of bloassay for an 1nsect1c1de may determlne whether or not the
"results-are‘of value@i Ihere is a tendency to set bleeseey‘apart from
: ethe other methodsav When all the eriteria'used fof a prober analjtical

"teehnlque ‘are observed in bloassay, 1t can be considered along w1th

“eﬂAvgrav1metr1e5lcolorlmetr;e.and other methods ag an eccepeed methodxpf

e'analysiso
At flrst the use of bloassay was 11m1ted to flndlng relatlve _;.

-t031c1ty and to screenlng 1nsect1c1de Entomcloglsts and 1nsect toxma

cologlsts then adapted lt for residue analysxs and for evaluatlon of new _}..

, 1nsectlcldesa The basic standards and laboratony ﬁechnlques used 1n g

._-chemlcdl analy 1s work are also used for bloassay so that the value of

'.:bloassay lS comparable ln thls respect to chemical methodso .B;oassay _

- is how regarded as one of the standard methods of analysiso
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The mechanism 9f bioassay of insecticides invclves exposing the
test organisg_to known amounts of the toxicant in an exact and repro-
 ducib1e manner. JThe resultant per cent mortallty for each dose level
is then reeorded and used as a reference standard. Unknown samples are
:runiqongurrently and.the~rasults determined_by,compari&oﬁfwi%h the
Standard; |

The criteria used fqr evaluation and recqrdiﬁg of bipassay.data
vary with the meﬁhod‘of eXpdsureg the test organism used, the insect-
~ icide under consideration and the facilitigs_availablga’ Examples of
such eriteria are loss of mobility, imhibition of gfowthg morbidity,
death, and latency of fesponserto thelinsecticide? _Imyqrtant aspects
. of a bioassay system are %he‘accuraqy'and sensiﬁivity with which a toxié
cant can be detected, and the reproducibllity of resultso The ease

: and rapldlty of obtalnlng results are, 1mportdnt GOPSlde&thHSo

Comparlson of Bloassav and Chegéggé Methods 3 vAs a rule bioassay
methods are not as specific és ehemicaljaﬁalyticélimefhodss‘but the
sénsiti%ity in certain cases is greater, Comparison of aﬁounts of toxiw:
cant determlned by eolorlmetrlc and bloassay methods (Harmvellgetalgl954)
resulted in- hlvher values for colorimetrlc than for bloassay menhods¢-

'Impurlties in the extxacts eaused background absorptlon wesultlng in
hlgher,values for colorimetrie methpdso Masking by lipids lowered the
rate of inéeéticidal.aetion in bioassay systemse This may-be ellminated

in analyses of lnseetlclde reSLdues by newer methods for purlflcaulon of

tlssue extracts .
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Bioassay can be as reliable as chemical methods of analysis
as shown by data reported by Laug (1946) and Nolan and Wilcoxon (1950)
from the use of both methods on the same samples, The validity of a
new method of bioassay may be established by comparison to a standard
chemical method and vice versa, This has made the use of bioassay
mothods in most laboratories a standard method of analysis used along
with chemical analysis.

Some laboratories may regard biocassay as an alternate or as
a supplemental tool for residue analysis until a suitable chemical
method is estsblished, Tt is difficult to place bioassay as an ana~
lytical tool in its proper perspective with other methods because the
"analytical reagents" used in bioassay (insects) are not kept in
bottles on a shelf, | |

Bioassay of mixed residues can presmf a problem, but in come
parison with chemical methods bioassay may prove superior if the comm
ponents of the mixture are unknown, It would be difficult to use a
chemical method since there would not be a response from all the toxe
icants present.

Statistical analysis: Rectification of mortality data
through improved statistical methods of analysis (Bliss, 1935) has
facilitated more accurate amd rapid (Wilcoxon, 19119) evaluation of ex-
perimental bioassay data, Bliss devised the methed of probit-analysis
which consists of plotting the dose as its logaritlm against the dose
effect in probability units or probits. The resulting dose-effect
function is a straight line instead of a sigmoid curve. This aids
in the evaluation of bioassay data and improves the accuracy of the



statistical analysis., Statistical methods have since been ex~

panded amd their use elaborated in some instances to a point too inm
volved for use by the nonestatistician, However, the absolute im-
portance of statistical evaluation is even more essential and involved
for bicassay than for chemical anmalytical methods.



SURVEY OF BIOASSAY METHODS )
Numercus methods of bloassay have been dev:s.sed, butlnot all can '
. .‘ - be regarded as equally useful nor relz,able@ The many methods have been
developed accordlng to the convenlenceg experlence and facz,ll'tles avallable
/and cah be Aclass:Lfl@d :m"to three general groups(a o B | |

' Aqueoua exoosurem M@sqmtc 1arvae used as test 1nsects (Bushland.,

, 71951) Were effect:z.veg buu took 21;, to h8 hours to obta:m resultsua A L

ﬁ»]more I‘apld and sens:Ltlve methed (Burchfleld et al 1952) W:Lth mosquue )

“ :'Llarvae used ‘the photomgratlon of the larvae as_ the crlterlon for de'hec;! S

o tlng small amounts of para’ch:.on by the use of Aedes aegg_gtl larvae

a (Nolan and Tl%’:l_'Lcoz,,ongz 1.950) perml‘bted detectlon of 8002 parts per m:o.lllon

L jo:f.‘ thls organlc phosphatee |

The bmne shrlmp Artmm:ta sallna s was used 1n detecb:x.ng as 11ttle o

o as OQOJ_ ppm of methoxychlor, DDTS llndanes chlordaneg 'boxaphene,9 endm_n B

"."and Bayer l7lh7 (M:Lchael e‘t al.9 1956) Another mlcrocrustaceang Da h

."f‘;'WaS used to detect para‘th:.ong DD‘JL‘9 and BHC w:rbh sens:.tn,m uleS comparable -

to those obtal.ned w:L‘th the brlne shrlmps and mosqul'bo larvae

(Wasserburgers 1952)«, ‘ By us:mg Daghnla Anderson (19&)4) de'bected ®ne part .
per b:.lllon of DDT :m Lake Erle materg Kocher et al (1953) Were able

| "i:o de’eermlne quantltles o;f.‘ 1ess t.han l m:.ll::.gram of 1nsect1c1de pez" - : '

C k:logram of vegetdbles W:Lth a greater preca.s:r.on “bhan was poss:.ble by

O‘ther methodsa Speclflc movemen'ts of ’Dagh after be:mg 1nﬂneneed by el

A 'vamous c:ontact 1nsectlcldes made 1t poss:Lble ’co dls’bl‘llgulsh the chlor:ma-—- |

' ‘ted hydrocarbons from the c:rgam.c phospha'tes (Pfaffg 1.955)9 Goldf:a.sh
oy 6



. | 7
(Gersdorff, 1930) were used successfully in toxicity tesfs of rotenone.

Later tesﬁs using Guppies (Lebisﬁes reticulatus).to detect rotenone

from Derrls and Lonehocafnus roots (Pagan, 1948), and DDT (Iagan and

Hagemang l950) deteeued these tox1cants in amounts as 1@w as 00025 ppmm_.

Q;;ggﬁ ﬂeedlng ThlS method con51sts of presenﬁlng the tox—
icant, mlxed in w1ch plant or, animal tlssue9 to the test ~insect. There
are two ways by which the dlreet feedlnv method mey be used” (1) The
tissue to be analyzed may be macerated and presegted in a standérd way
“to the test insect. By this method of presentation. sublethal amownts of
a toxicant are not detected. (2) By firét extfagting the ﬁissue to be
anaiyze@ and ecﬁgeﬁ?raﬁing the extract, the sublethél_amountsiof'ioxicant‘
caﬁ*be'detecteﬂg' This sechd m§de of presénmatiog'§§§§i$ts‘§f nixing  5'
_ the eonceﬁtratéd exfrgct with an aé@eéﬁable>fqo§_mgterialg-éhd;p%ééénting
it to the fest{inseét; Several factors'may ;nfluenee:the_res#lts of |
this methodg and iimit-its ﬁse° In mos%*caées thelteSﬁ insect has been
‘the hquse fly or the pomace fiye‘ These insects feed primarily on sugars’
iﬁ_the toxicant media, andAonLy the inséctieide which is on or'néaf the
sugarsiwill bs picked up by ﬁesﬁ insectsa'_lt has.been shownﬂt@atvsqme
5‘~insectieideé have an affianity for fats (Laug, 1946)9_>Thqs-insectigides
@oﬁwgsscgiateq”with sugars may not be ingested, and tbxi§ effegté;wouldv
onLy'ba by‘fbm%gé%i9n ofﬂéontéct through fhe-tgrsie ‘Théée faétors 1owé§
the semsitivity of this method. |

A micrpbioagsay method consisting of direct feeding of ipseets.'
on milk éontaining the iﬁsectigidefGiun and Suny l?53)-mad§‘itnpossible

to detect minute amounts of fiwve inséetieideso Sun énd Pankaskie (1954)



‘exposed pomeee’fliee‘toemaceratethissues and.wefe e&@e,to-defeet‘bei,ﬁpm‘

: of’aldrin 6r,dieldfin in a variet&cof'fruiﬁe an@?vegetablesa Direeé o
feedingref pomace flies on cgetaré‘pumpkiﬁ to whieh,a1Qrinehad beenv

:added‘(Fisher andemallman, 1954):wes uSed to eseay this and other

' ,inseeticideeo & similar method, with m@diﬁicetlons, is belng used

_successfullv at Cornell Uhlvef51ty (Dewey, 1958)3

B Goncentratlons of parathlon»lethal to tho rlce etem.boref were
determlned by a110w1ng thlrd and flfth 1nstar larvae to feed dlrectly

.on a reed w1ck which absorbed artlficlal nutrients and the tox1cant
(ﬂashlzume,'l954) | The artificial mediuvm contained s.-n:tgza.rs‘9 caseln) yeasts
and m¢nerals dlSOlﬂed in waterai Concentratlons of parathlon ‘causing .

100% morbidlty or mortalltj w1th1n R4 hours were less than Og5 ppme

»”hls celnelded with resulte obtalned by other workers in 1aboratory end

'field experlmentsa ‘ | ﬁ R ' ‘ o

Frawley et al (1952) dev1sed a procedure for the blologlcal assay‘iit

:i.bof 1nsect1c1des by oral admlnlstratlon to house fliesev‘An ether extfact ﬂA

of the sample contalning the 1nsec%101de was evaporated to dryness on-

' sugar dnd then dlssolved 1n water and fed to the fllesn ThlS tecnnlque
_:obV1ates the menlealous purwflcatlon of sample extracts, which is fre- '
;quently neeessary for other bloassay procedurese This method~hes-eome

of the - drawbacks of other dlrect feedlng m.e’thodso - | |

F;lm Exgos es The more obv1ous procedure in bloassaylng lnw-e

,‘usecticldes is to expose the test 1nsect to a fllm of the 1nsectlc1deo

eNumerous ways may be dev1sed w1th regard to type of exoosure ehamber9

‘type of test 1nsect and tlme of exposure to lnsect101des Laup (1946)

flrsﬁ used blologlcal assay in quantltatlve determlnatlon of 1nsectlcld°. .g,?f

“residuesa He evaporated extracts of DDT in Erlenmeyer fiasks within whlch



‘ 7housef11es were exposed ﬁo the re51dues for 24;to L8 hoursa, »
A bloassay method for determlnlng aldrln (Dahm and IEnkaskie;
1949) consisted of expos1ng unlformly sampled lots of adult nouseflleSj
te_a residue of the tox1eent forZAS.hours and,observ1ng the :eeultagﬁ‘f
mortaiitiesg' Corn oil (20 milligrams pef’jar)awas’added'to‘the stendards ““:

‘fo,increase pickup, prevent evapofation and?to’appraximate the-fetty'or}

- owaxy . re51dues obtalned from solvent. extractions from,anlmal or plant ‘

' tlssuesor Dahm and Pankaskle advocate that the area of tox1canﬁ to Whlch ,1
the flies were exposed was nob of 51Gn1flcance@, The ranﬂe of AID - for
aldrln in thelr ‘tests was 1. 1 to La 66 mlcrograms per. ‘gram of fl_esa The/;m
-'conurol repllcates never exceeded Bﬁ mortalltys N

Small shell v1als were used by Hosklns and Messenger (1950) fbr A-:;
ﬂevaluating ta21elqy of organlc 1nsectleldes and bloassaquﬂ ensectlclee ;
're31dues in plant and anlmal 1:1ssu,eB This method dlffered from that of
'-Dahm and,PEnkaskle ‘by being based on the per cent of the eyposure cnambef  -;”
f.surface covered by the film and by a dlscrete 1nstead of a contlnuous ”
lexposuree Inelus1on of a small amount of llght 011 1ncreased the un1= 3
‘"formlty of dep031t (Hesklns et al 1952) over the surface area ef the R
viale Thls enebled a hlcher percentege of the tox1cant to be plcked up :

| by the test insects

$ua and Sun (1953) outllned four. differeni methods of evaluatlng S

data and of determlnlng 1nsec%101dal residueso~ (1) A WBanﬁcng Method“
jfor a more rapid and 51mple way oﬁ analyz1ng for the presence or absenee:e

1of 1neect1cidal r631dues, (2) An 1@50 method for calculaﬁlng traces of ;ffﬂ

'.f]lnseetlcldal re51due quantltlvely, (3) An 1nterpolatlon Metnod fbr evalw ;,~w?“

o uatlng small sublethal amounts of 1nsectlcldal resmdues, and (4) An lntere:J‘ff



10
polation method for éé%ermining'larger ameuhts of insecticidal residues.
Thé methods éll consistedvof a continﬁcﬁs exposure ofrhouseflies‘fbr 24,
to 48 hours in standard size jars; In all cases a comparable blénk ex= -

tract was used to meke up standards.



METHODS AND MATERIALS _
Thls paper is a comparlson and evaluatlon of methods which show o
' éﬁomlse of becoming analytlcal bloassay'toolse Four dlfferent methods f.
: fof bloavsay'were used 1n the analy51s of ®ix dlfferent 1n=ect101des@
| Method Is Thls 1s the methoa dev1sed by Hosklns and Messenger .

(1950) and con51sts of exp051ng female houseflles (Mnsca domestlca) to

ithe tox;cant in small shell v1a153 Whlch were . compietely coated with

ylnSGCthldea These exposur° chambers were - kxt bottomad shell vials 50 mne

: : 'long'w1th an- out51de dlameter of 23 mie The vials Were altered by

':heatlng'w1th an oxygen torch to formAa llp on the 1n31dea This was
necessarv 1n order to prevent the llquld from spilling while the v1al
v‘was belng rolled om 1ts 31de@ - The rolllng evenlv dlstributed the
, tox1cant on the entlre 1n51de surface@ »
| ; A measured amount of the tox1cant was plpeted 1nto the vial and
allowed to evaporate to about one mllllllterg one mllllllter of a petroleum,
ether solutlon of 011 was then added@ Thls solutlon'was prepared by‘
‘  1add1ng two mllllllters of mlneral 011 to a llter of petroleum ethere Th93

'purpose of the 011 was to afford a more even dlstrlbutlon of the tOXva

".'cant 1n ‘the v1al and to 1ncrease the amount of taxlcant plcked up by the

;f;  1nsectse‘ It also approx1mates the constltuent Waxes, fats and oils of

' the extracts and prevents 1osses of the 1nsect1c1de du 1ng and sﬁbsequenﬁ

uito the evaporatlon of the solutlone After all the solutlons were in the
;‘§v1als, they'were rolled in a stream of Warm air to evaporate the solvents.
lfeThls left the re51due evenly dlstrlbuted on the 1nner surfacee Twenty-



7f-five feﬁeleﬂhduee‘flieseofeaﬁjaée éfoup,bffthreevto‘six deys*were

‘.janesthetizedeﬁith carbon dioxide then eounted"and plaeedeih holding

I v1ale to rev1ve. Gompletely rev1ved, flles were 1ntroduced 1nto|@aeh

exposure v1al ~and the vial covered with a plece of cheese cloth heLd

on by a rubber ’band° The v1als were then malntalned at. approx1mately )

"”800 Fdhrenhelt for 60 minutes. and agltated and rotated every 15 mlnutes@

'AAfter one hour the flles were trensferred to holdlng Jars, whlch con-
: talned a v1al-of water and a cube of_sugarq Mbrtalltles were.counted
:after 18 to 24 hoursa\‘ V

Method II, This method 1s a modlflcatlon of the flrst metﬂoda e

. ‘Male flies were used 1nstead ‘of female fllesm OnlJ one to four days old .

flles were used because male lles are more sensitive to 1neect101des
"and thelr use produces hlgh and unrellable mortallty curves after the
fourﬁh day@ E | ‘ _ R }

Yethod IIT:. This method consisted of exposing mixed male and
ffemale flies contlnuously over:a perlod of 18 to 48 hours 1n w1de mouth.
ilp;nt Ja:sﬂ ﬂThe @oxlcant and‘the e;l solutlon<were plpeted 1nte_3e;s.

. eandrailowed‘to‘eﬁaporate to dryness.  This‘left the ;esidue deposited ;

fion the bottom of the garso Appraiimate¥yv50 flies (male and female)

o were Lhenetransferred 1nto the J&TSo The& were previdedrwith‘foqd and

3water by 1nvert1ng a small vial of water w1th a cottom plug onto.thé-_

V~»:w1re qcreen 11d and plaexng & cube of Sugar on the 1lda~ This alloﬂed _

2‘the flles to feed through the w1re screen durlng the tlnm for which they
were exposedg Mortalities were reeorded after 18 to 48 hourﬁa “

Mbthod IV’,a Thls method is sxmllar in princlple to Method III,

’-, but a dlfferent 1nsect and exposure ehambef were useda Mixed male and

”female Demace flies (Drosoghlla melanogaster) were contlnuously exposed
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"1n petrl leheS'for fram 18 to 48 hours@‘ This method‘restricted ventileurll
3et19n 1nvtheiehamber§@ Flles were anestnetlzed for counting9 1mmed1ate1y
before txahefer%iﬁg fo-the petrl,dlshes, wlth cerbon d}ox;de or{exppsure_'
t ‘forrfrom'fiﬁe ﬁd ten»miﬁﬁfes‘in the freeziﬁc compértment.of'a:reffigeratarq_.
.The tox1canc and 011 solutloa were plpeted into the bottom half of the |
. petrl dlSh and eveporated to drynesse A short dental cotton blug ZOmm f
b'glong was - soaked 1n 25% sucrose - solutlon and Squeezed sufflciently so that
v ;the solutlon dld not flow@ ThlS was placed at one end of the dish prlor
‘Q'to 1ntroduc1ng 50 pomace f11659 It was necessary to incubate the flles ;‘jﬁf';

fln the dark to obtaln satlsfactory resul’ts0 (Pomace fllee are p051t1ve1y S

"'T‘fphotota 1c and tend to spend the magorlty of the lncubatlon tlme crawling lfffi

on the surface fa01nﬂ the llght ) A tlghtly sealed cardboard box was

"ielnverted over the pebrl dlshes to exclude llghta

- The follow1ng six 1nsecticldes were tested, u51ng preperations ,'-" o
zorﬁulated from stock samples prov1ded by the manufaeturers for research
>  purpeses; Acetone was used as the solvent in each case. | - : -

| { D$$; 2 2»bls~(p=chlorophemyl)—l l l—trlchloreethane»
ve}Lihdenr gamma 1somer of l 2 394,5 6 nheXdcnlorocyclohexane;. :}.;
' Toxaphene,f"ocnachlorocamphene _ “ ; ” R
t Dleldrwn;:i:l 2 394,10 10=hexach¢oro~6 7=epaxy=l,4a 5 6 75 8 Sa,
"“’ - f‘:octahydro—l 4mendo, exon5 8—d1methanonaphthalenea;m_'Qi
- Malachlon, f"ogoedimethyl 5-(1, 2-=~d1earboethoxye thyl) d:.thlophosphate E

,-bt'GuﬁhiQn;,fg334pdetobenzotr1a21ne~methy1~0, O»dlmethyldlthlophos~ :
. ‘;-,“?‘ Phatea ‘14 ’ . g . Yo X ;

‘V.Statistlcsa eData collected were Llrst recoraed in eaeh case ms

the dose 1n mlefograms per exposure chamber relative to the dose efieet :Ni'




" were made by an I B L,computer at the Cemputlng Center of the Unlver51ty ‘

. of a drug or chemlcal are descrlbed as the regre551on of the mortallty Lo
'3,'expressed as per cent klllgon.the deseo The varlable mortallty5 here= o :

“,‘afters referred to as Yg 15 a functlon @f the 1ndependent variable9 do= frf‘f?'

lh:h:
"e;vexpressed as per cent mortelltye“ The(dosages were then convefted fo-*

| logarlthms and the per cent mortalltles converted to problt unlts for

use. 1n a log—probmt method of analy31s (BllSSQ 1935). A1l computatlons

of Arlzona to fac111ﬁate calculatlons and reduce pos Jbllltles for error. _ o

‘ The complete metnod of statlstlcal analysms used for the data ,

in thls papers together w1th an example 1llustrat1ng 1ts appllcatlons is .

presented in Appendlx Bo

The analvs1s of the data centers on the dependence of one varlm_

'“able oh anothers known as regress:Lon° In tox1cology the lethal effects‘-

“»‘sages referred te as io 'The uses of regreeelon are varlede‘ In some

' e"the dlfferences 1n error after the effects of the doses on the mortallc

. 1-where'Sy

tles had been tabulated and (2) to determlne the sen51t1v1ty'@f the testv"

“1n relaﬁlon to the EDSO valuess Th;s e;ror.was calculated‘by the

' equat:.on° _ i
R = s;r? “b ()
. S (n=2)
2 is the sum. of the souares of the dev1at10ns of the doseveffeot§ '

b ois the sample regre551on ceefflclentg and Sxy is the sum of the preﬂ

' ducts of the dev1atlons ef the dose and doseeeffectob

'fflcases one may'W1sh to'learn 1f YflS dependent on X, and 1f ses to ﬂet a JT"'

ﬂfmeasure of. the relatlonshlpe At other tlmes 1t may be necessary te prewf 5;??;;‘.

‘-dlct Y'from X, or v1ce versae. lhe present purpose was (1) to determlne S
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Further calculations to test for the exact fit of the regression
line may be made if necessary. However, by fitting a line geometrically,
one can come significantly close to the line fitted by least mean squares.
A more accurate method of estimating the error variance is the method of
probit analysis as given by Fimney (1952). It was found that the es-
timate of error for the two methods (that of Finney and the regression
method used in this paper) was close. Therefore the regression method was
used for the present study, since it is much quicker and simpler to cal~
culate,



EXPFRIMENTAYL, RESULTS

Results obtained for each individual test are tabulated in
Appendix A, The means for the results in Appendix A were calculated
for each method of bioassay and are tabulated separately for each ine
secticide in Table 1, From these mean standard deviations and LDgp
values it is evident that there is a wide variation in per cent error
and the sensitivities of methods with regard to the different insectiw=
cides.

The sensitivity of a method will refer to the mean IDgg of that
method throughout the paper and the reliability will refer to the stan-
dard deviation, Methods with lower IDgp values have a higher sensiti-
vity and those with lower standard deviations are more reliable, The
expression "IDgo* refers to micregranﬁ of insectic¢ide per exposure
chamber .required to kill 50 per cent of a population.

An overall comparison of the mean standard error for each ine
secticide shows‘ that the continuous exposure method (Method III)( is
generally the one with least error, with the eu:cepﬁion of the results
obtained on malathion., All results obtained from the bioassay of mal-
athion showed a high percentage of error, The standard error at the
ID5o level by the contimious exposure method was 20%, This indicates
that the per cent mortalities with an IDgp dose may vary from 30 to
703 from one test to another., Guthion, which is also an organic phos=
phate, exhibited only a 9.4f error by this same method., This method is
the most reliable for the bioassay of Guthion, As an illustration of
this, the order of mean standard deviation for Guthion is: 94, 100k,
14,1, and 19,1 per cemt far methods III, I, IT and IV respectively.

16
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Bioassay of dieldrin, toxaphene, lindane and DDT, as well as Guthion,
by method III showed a difference of two to eight per cent error be-
tween this method and the other methods, In all cases method IIT had
the lowest per cemt standard errer, and was more reliable.

The standard error of ths results from the small vial method
using male Musca domestica (Method II) is as follows: 11,8, 10.4, 9.0,
12, and 1h4,1 per cent for toxaphene, malathion, dieldrin, Guthion and
DDT respectively., Three tests were run by this method on lindane, but
all the mbrtalities were less than two per cent and were not recorded.

Results of bioassay by the small vial method using female flies
(Method I) resulted in standard errors of 9, 12,2, 10,3, 1242, 17.8,
and 10.)l; respectively.

Bioassay by the Drosophila method (Method IV) showed consistently
lower percentages of error with exception of its use on DDT, Standard
errors for this method were 645, 79, 9oli, 1h.5, 8.7 and 19,1 for toxa=
phene, malthion, dieldrin, lindane, Guthion and DDT respectively. This
method is relatively quick and easy to carry out but may present probe
lems when its sensitivity is considered,

Sensitivities of the four methods generally follow a pattern in
reverse to the standard error for all six insecticides, with some ex~
ceptions, The most sensitive method is the Drosophila method, followed
closely by the small vial method using male house flies, However, in the
case of DDT, the sensitivity of the Dyosophila method is the lowest of
the four methods, but the standard error is also low, Bioassay by the
Drosophila method is very sensitive in comparison to all the other methods,
but there is also a loss of reliability., The reverse is true for the
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continuous exposure method. This refers to a very genersl case and
cannot be applied to every insecticide, as illustrated by the come
parison of data from the bioassay of malathion and lindane by all four
methods, The sensitivity of Method IV was high (1.17 micrograms) with
a low standard error (7,9%) for malathion, while the other methods showed
a mich lower sensitivity (20,36, 2.9k, and 15.89 micrograms) together
with a high percentage of error (20, 10,4, and 12,2%)., For lindane, the
sensitivity of Method IV was intermediate (0,49 micrograms) and had a |
pér cent error of 1lle5%; Method I had a higher sensitivity (0,39 micro-
grams) with a 12,2% error; Method IIT had a sensitivity of 0,53 micro-
grams and a 1lh.4% error, Lindane data for the small vial method using
male flies were not recorded since they were not significant.

Sensitivities for Method I were 12,1k, 15.89, 0,31, 3,77 and 1473
micrograms for toxaphene, malathion, dieldrin, lindane, Guthion and DDT
respectively, Similar tests using Method IT had sensitivities of 12,36,
2.9k, 0,22, 2,11 and 2,03 for toxaphene, malathion, dieldrin, Guthion

and DDT respectively. ‘
| Representative test data taken from Appendix A have been plotted
on log-probit paper for three insecticides evaluated by all four methods
(figures 1-l). These figures illustrate the relative degree of toxicity
of each insecticide, the relative sensitivity and error of the methods
used and the slopes of the dosage-mortality curves. These figures are
also included to demonstrate the standard method of plotting tabular
data for evaluation and to estimate the LDgg values, In actual labora-
tory bioassay of an unknown sample, the raw data are plotted on loge
probit paper and the dosage-mortality curve fitted geometrically. This
is then compared with a standard curve and tle values far the unknown
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sample determined, If the data are homogeneous, this dosage mortality
curve usually agrees with the curve determined by statistical methods,
The difference is not usually significant encugh to warrant the use of
statistics to obtain an exact fit of the regression line, It takes less
time and effort to evaluate a data plotted in this way than to tediously
compare tabular data, Estimation of the IDgp value for each set of data
is relatively simple by interpolation from the line on the graph,
Comparison of lines fitted by sight shows that the IDgy values
do not differ significantly from values determined by statistical methods.
As an illustration, the IDgp values for DDT by the Drosophila method are
Toli (figure L) and 7.5 micrograms for the visual estimate and the stat-
istical calculation, respectively, Other examples are the IDgg values
for dieldrin of 0,26 (figure L) and 0,26 in the same respective order as
the first example, Whenever the ;points of the data are scattered, the
test is obviously difficult to evaluate, the regression line will be
difficult to fit by sight and use of some statistical fitting process is
preferable, An example of this is the line for Guthion in figure L,
which has an IDgy of about 1,3 micrograms when fitted by eye. However,
the LDgp value determined by statistical methods is 0,68 micrograms.
Obviously a set of data with a wide dispersal of per cent mor=
talities at more than one dose level has a low reliability, Such a
test should be repeated or a better method of bioassay substituted,
Other methods should be substituted if the first has failed to
produce favorable results, even with the utmost care in technique,
Such a practice is time consuming and may not be fruitful, If informa-
tion is available as to which method is generally more reliable or
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‘ sensmtlve 1t may save needless experlmentatlon'W1th dlfferent methods
v‘w1th an unknown samplee‘a? |

The varlatlons between methods aregin.partg a measure of thelr i

B dlfforomt oapablllties for applvmng equal amounts of 1nsectlclde to each- o,‘:"'

.I‘of the flles w1th1n a 51ngle exposure chamber@ The varlatlon between
’ 1nsectlcldes is a reflectlon of dlfferenoes of suoh propertles‘éé
‘,1volat111ty9 solubllltyQ and rate of. p@netraﬁlono_

A laboratory should have at 1ts dlsposai more than one method
of bloaosay for use in residue analysls and should standardlze the

'methods that are to be<usedm
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’ - Table 1o (concluded)

Hethoed * Yo, of teste ~ Mean‘Stan&ard Devistion

conducted about the IBgg
' ‘ pr@biﬁsv - _vP&?‘C@ﬁt'
"4, ‘Tindase S

T 6 o363 12,2 0,39

iT 3 I e
am 3 Coser ik 055

v e oIz kS ocks

» e DDT - .
1 6 k628 178 341

~ h o3l 12,6 BolL!

IT - 3 '@52@4}3.7_ | 907 6ake

T, 6 o em05 8T k3
- ‘ T Gaion — -

T & | ‘02637“_ 10k Lo73

T k 03620 i3 203

xag 3 52388 9ok 337
v 5 k985 19,2 0,86

% Method I is the small v1al method using female houseflles, Method 1T
is the small vial method u51ng ‘male houseflies; Method II¥ is the
continuous exposure method’ using mixed mele and female houseflles,

.and Method IV is the Drosophlla method.

.
o



. CONCLUSIONS
.v:The cqntinuous exposﬁre methodlusing miﬁ@d mgle andvfemale'ﬁouséw__
flies is the.most_ieasible method to use for the least peréent efrgrg
;n?,rapid;ty and ¢§§eiof'9ond?cting thekbioassaye— Although this method
has theflegsﬁAerror and 1s easier and more rapid, in somé caseSvthesei
dq hotrcompensatétforvthe loss in:sensitivityo Another dreawback to ﬁhis
method is that its reliabiiity decreases With_an_inﬁrease in the age Qf
the fliés¢»,The flies should~bé 6f én‘agelgroﬁp'pf-not more than four
days. »If‘houseflies.are-ovef'four daysuold'it is better to use the'smail
.vial mgthodsiéﬁpipying.ogiy‘female flieéo This latter method is more
timé consumiﬁg but is‘mbre réliable_for older flies.

The ‘standard erro:‘forvmethod II was too high for éll the in- A
éecticideg_téspedgl This.method is ngt ye?y reliableAénd should be used
qnly‘in cases:whgrgArepybducibiiityloflresults is not pecéssaryo‘vit is
one ofAthe mora_gensi@ivé methods and,may'bevﬁséd #o detect the.presence
qx_absenge_pf minntgﬂquanﬁ@ties of insecticidesp but not ordinarily for
quantitatiye»dete;minatiqns? |

V ~ The méthéd employing Drosophila melanogaster is the most sensi-

tive for_ai}_iggegticidgsrtestedo ‘Th139 in éonjﬁnctionfwith iis rela-
;i?elyﬁlpﬁlpgrcenb of sﬁéndard error, makes it the method of choice for
the bloassay . of tdxapheneg malathion, and dieldrin. This method shows |
a high sen;iﬁivity‘for the»bioaSsay of Guthion, bﬁt also»shows a ﬁigh-
. pe?cent‘of gfroro 'This Would,eliminate its usevfor tﬁis'insegticideo
?or;DDT this meﬁhqd has a'ldw percent eprof and é_ldw sensitivity. Due
to thé low Sehsitivityg it is not a good method for bioassay of‘DDTo:

23
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The émall’vial method usiﬁg femaie flies is the bestiali around

-method for the detectlon of_small amounts of 1nsect1c1des since its stan=_
dard error. and sen51t1v1ty are 1ntermed1ateo The_facththat it is more
’tlme consum%ng mayiruleAlt;out 1nimany ;nstances'when speed ié impoftant\
or when a‘mOre,senéitive‘method is‘desifédo

. The ﬁroSoﬁhila method is preferable when speed, accufacy and a -
‘ hlgh sen81t1v1ty are required of a bloassayo For tests requlrlng high
1Asen81t1v1ty, with no regard for reprodu01b111ty and in cases where only
 male houseflles are avallable, the small v1al method uslng male flies
' mayjbeiusedov Ihe continuous exppsurg_method using mixed male and.female_
: hpusgfl;egq prpvided fliéé of thé réqﬁiredvégé;gfoﬁp‘are available,qis 
.ﬁhe.begtﬂméthodlfo use'when épeed,.éceuracy and.a high sensitivityaare

necessaryo -
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Figure I. Bioassay by the Small Vial Method (g)
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Figure 2. Bioassay by the Small Vial M

ethod (o)
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Figure 3. Bioassay by the Continuous Exposure Method (da g)
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| APPEDIX 4.
DETATLED TABULAR DATA
. Table 2. Bioassay results of Lindans by Methed T

Test Dose Log of Dose effect Bose :effect' I?@S@ Standard
Noo ug - 10X Doese ag percent - in probit ug” deviabtion
. o mortality units ~ in probits

L g | oM 3608

0.3  Och771 - 2k 11,2937
003 6023-771 13 ’ 308736
0.5 0,6990 ~ 59 50,2275
S 0.5 0.6990 . 8k 59945
B? @oshgl ' 96 ; : 6075@7

9 I S - ) o ‘9378 0?72@

0.2 053000 ol » 3.2h93
Ok 0,602 = 8h 5.100k
Bl 0,6021 B . 5,100k
‘Qoé‘ . @07782 8& 5,995
8,6 0.7782 98- - 7 6.6kk9

3 ' o ‘ . i 0659 o 62958
w003 OkTTL ol 302493
0.5 0,699 . 16 k0085
055 0.6990 iz 3.8250
' 90’?; 008h51 62 503'@55
0.7 08451 6y 523585
0,9 0,95h2 80 5.8416
S 0.9 0,95k2 80 - 5o8L16

S £
g3 ok 8 CBe99hs  LaEm L

: 003 %W’d’l 92 654051
0.5 | Do6990 - 95 -+ 7t 6.6lkY
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" mable 2, -(concluded) f

U

iD . Stendard .

Téé‘t-"‘. -D@’s'é ' -’:Log @:f” '~_Egés,e: effee‘b ”}%se effe@"t D
L &eviaﬁbmza

Noo, Twg o 16X E)@Se  as percent.  in probit
T  mertality. . units

L 002 ee3080 37 L heskr R S
. 8.2 003010 0 72 v ¢ ¢ 5,588

. .06k o021 .8 - 6275 -

oeu 0602 96 1 6707

005 ’ 23-!- s ' _ 240293?
C 05 ,.0599.' R8s, Cohohire
'07' -Oc_s hgl 73 " . . o 906128
o 0.97" ' @ehgl . 75 A 5067h5 S
3 0:9 99%2 92 o s e
'?‘ E 069‘ - 0,9542 o 95. - : 6®6hh9 '




31

~ Table 3. Bisassay ’?@Sﬂlﬁ:sﬁf Lindane by Methed IV,

Test Dose Log of = Dose effect  Dose effect 'ims@ Standard
Noo  ug - 10X Dose ag percent in probib ug deviation
mortality uniﬂbs : 5 in prebits

7 U hour ekposive usimg mimed flles L350 L1157

02  0,3010 . 18 },0846
0,27 0,300 21 ho1936
T 00,6021 56 ¢ 51510
" GQL&» S @@6@@ 61 ) - v 502793
06 . 07782 - 75 = 7 5.6TLE

0:6 0;;;7782 83 5.95h2

8 b8 h@u‘r exposure using mixed flies - S R 1L

0s2 053010 1 3,7735

B,2 - Gs3000 . 15 30,9636

O 06,6023 35 b o627

0ok G6027L 37 6681

S & _ 07782 S L SN 1 @9?&9 e s e e e
0.6 007782 68 - k677 T 1

, 9 L8 h@fur eXp@sure usmg _ mixed flies - 4893 9B

Osk 0,6021 08 © 3.5%h9
Ok 0,602 7. Ly, 0l58
06 07782 3@ ho5323
06" 0,7782 Wi . b 7725
0.8  0,903L 39 ho7207
08 obozt h@ - hoThéh

10 hB héur xp@sure usmg males S5 1897

50,2533

553585

5,952

- 6,2816

s 65308 me e
- 657507

0.2 03010
0.2 03010

Oolt ~ 0,6021
, 0ok 0.602L
o e “"*"06 ) @07?3@ Coe 9L e
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Table 3. (continmed)
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Test
Noo

Dose

~ Zog of
16K Dose

e =

Tose effect .
“Ag Percent
mg?tality

Dese eff@@%

in probit-
wiits -

gy

Standerd

. deviation
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Table 3., ({concluded)

Test Dose Log of Dose effect Dose effect ,Es@ Standaxrd
- Noo ug 10K Dose = as pércent in probit ug”  deviatiem -

L . mortalibty units - . in probits
15 li8 howr exposure using mixed flics o375 1529
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Tablie l;; Bioassay vesults of Tindane by Method IIT,

3L
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Yoo
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Dose
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ﬂ;h@x@soﬁ’ ‘exposﬁz?é wsing four day old fliésb

2,9463
2,9h63

holare

b 56ka,
5,2533
5oli12%

60,1750
6,2265

g6

1063

18

02

002

ook

Ooly

056

066
005
Q@ﬁ

053010

0,3010

06021
606@21

0,7782
0,7782

059031
09031

H h@ hours of ex,powr@%zsﬁmg*f@ur day old flies

302193
3obik52
ho5323

. h05323

5:h677
5.1677
6,2816
654758

BT

41933

2l hours of exposUx;

- 0,3010

0,3010

0,602L
0,6021
07762
0,7782

b2612
41936
16945
J1, 8190

52275
55553k -

sing £ive da:y 0ld files, _ ohh2 +36068




Table L, (concluded)

35

Dose

Test Log of Dose effect  Dose effect I‘DSO Standard
No. ug 10x Dose as percent in probit ug deviation

mortality units in probits
20 L8 hours of exposure using five day old flies ,393 2360

043010
0.3010
0.6021
0.6021
007782
0,7782

ko172
4.2937
L6945
Lo8490
5.524L
547063




Table 5. Bioassay results of DDT by Method I.

36

Log

. Dose effect Dose effeet

569945 .

Test  Dose LDbggo Standard
No. ug Dose ~ as percent in probit ug deviation
: ~ ' mortality units in probits
29 , . | o - .
3 C 001&771 ] .39 Li-w 7207 3&188 02327
3" 0.L77L 52 5.0502
L - 0.602L 61 52793
o 066021 73 546128
5 006990 79 548064
5 056990 87 6126l
30 2. 0,30L0 -8 325949 38798 7395
2 0,3010 13 3.8736
3 O0.LTT7L 8 325949
3 Osh77L. . 8 35919
b 0.6021 27 L3872
ly ' 0,6021. 62 - 503055
5 0g6990 81 5.8779
5 e - 06'6990‘ o 96 6&«750?
1 3 OLh77h 0 'k - 3.2L93 6.86L  ,3852
3 Qo771 . 8 - 325949
I 0.6021 b 30.2h93
b 0,602 12 - 38250
5 7 06990 . 28 Lsll72 .
5 - 0.6990 36 Lo6l15
32 2 03010 Lo - 302493 3627 47002
: 2 - 03050 12 3&8250, o
3 0sh7TL. 20 158l
3 Oeb77L. . 28 heln72
h 0,6021 17 l1s0L58
L 0.6021, . 88 661750
5 06990 -~ 77 547388
5 ) 06990 _ 92 641]-&051
: 3 OohT7L 8 305949 3:956 <2685
3 0771 25 Lo 3255 ' ,
b " 0,6021 L8 - Lo9L98.
L 06021 52 50502 .
5 0:6990 80 5.8l16
5 06990 8l




o ST 37
. Table 5, (Concluded). _ _'

. Test  Dose Tog , Dose effect Dose effect LDy ~ standard
Now ug ©  Dose as percent in probit ug”” . deviation
‘ : mortality = units in probits

E 0,0000 - 9 . 3.652 . - 1.198 L4808
043010 . b 3.2h93 ¢ o
C0eh7TL -k 302L93
Ooly7TL 19 . - hele21i -
066028 L T 73,9197
066021 - 2k e 1e2937
S 0.6990 36 . keblds
0.6990 = bl . L.8h9O

nEEwwpE
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. Table 6. Bioassay results of DDT by Method IT

Test ’;Jgose " Log~  Dose effect ~ Dose effect IDgg Standard
Noo ..+ - g Dose ~as percent - inprobit = wug . deviation
4 .. mortality - - units L in probits .

e e ST e 1,511 JloTe2 -
SR - 0.hT7L 87 S T6.126h Coe
. Oel7TL 9T T 6,308
S 0.6021 96 . 16,7507

L0.6021 . 96 S 6.7507
0,6990 100 o o
- 0.6990 100

VinRE Ew

LT 2,5h  oh598 .-
- .0.,0000: kL . 302193 ‘ .
10,3010 17 - -Looh58
Ooh??l 57 P ‘5@l7éh
0.602L. 91 - 6.3408

EWw o

IR ’ S ) 2.27 >@397?f~ '
0.3000 20 - -hbsds8h . S
@.3010. 60 . - . 5.2533
Q771 772 . . .. 5.5828.
0.h7TL 76 o 5.T7063
0.6021 88 66,1750
0.6021 92 - 6.L051

Wi o N '

o Co TEA T - E 2,122 - 2543
S 0.0000. -8 . . 3.59h9 :
003010 320 - .. hoBb323
063010 L8 v L9koB
0.h771 80 - 5.8116
CQ.lTTL Bl B9k
T 0.6021 By 1 B.99k5
10,6021 88 601750

FEwwoNees |
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" Table 7, Bioassay resulbs of DDT by Mebhod ITI

't,Test" jDose'; Log ‘Dose effect Dose effect.-‘gbag _Standard
‘Noo . wg ~ Dose = as percent  in probit ug . deviation
: T _ mortaliﬁy units : in probits-

25 2 h=h0ur exp@sure of 6=dayhold flles g 5,393 /02908'w'

0,3010 Lo 3.2L493
cosclan- t 16- o uQOOSS
Oc>3010- I 18 ) ).&.90811.6
S 0.,3010 19 L1221
0.6021 ~ 28 hola72
C006021L  ohe o LoTheT
066021 o7 o bo92hT
0.,6021 L9 - Lo 97h9
007782- ’ L!-S T ) h- 87L!-3
0.7782 - 51 . - 5,0251
G.7782 . 52 . . 5,0502
007782 : 61 ) 502793 ’

. C}O.\ON@";;&I‘E‘E‘NN:E) m'

26 | '2u=hour axposure of hpdaybold flleso | . 7.853 1511@&

OLkTTL A 309197
0.L77L 17 o057
0.6990 3L ho50kLY
10,6990 39 hoT207
. 0.8W51 . k3 he8236 . -
1ﬁk&ﬁl ,=h& "‘-vxiw&wq.'

NNVw W

27 ,' h8«hour exposure of 6adgycold,flleso‘ ‘__l' M9§02 102056

0.3010- . 11 37735 -
1003010 21 111936
OOBGJ.G S 23 e ) )-!-02612
03010 - 2l 12937
0.6021 L9 - Lo9Th9.
70,6021 50 . 5,0000
006021 51 . 5L.0251
‘0.,6021 59 | 5,2275
s 007782 L é@ o ) . ) 532533
. 0.7782  6h . 5.3585
07782 6l - 5.3585
0.7782 . . 79.- 5,806k ..

O\G\Chma—ra'km (NEE

' (comtid)



“‘_ Table To

Lo~

Bioassay'rgsults_cf DDT by MsthgdeIIo (concluded)

_ Test

Hoe

‘Dose

uwg -

Log -
‘Qgse

:‘DQSéfeffeéﬁf
"as percent -
. ?nit5>

morﬁality_

';Bése_effectb

in probit

IDso
ug -

Stendard

devisdtion =

in probits

:"i g8i‘

;ghthknéfﬁr

27 -
29
6L . .
ho -
b9

hmhour exposure Of 5=dayb@ld flles

066021 . .
- 006(}21 ‘ i
o 006990
L QeT782.
L 907782

)_;03872 -

o holih66-
L 5,2793
 leohs

60019

03331




© Table 8. Bioassey. results of DDT by Method IV.

- Test Dose. - Leg | Doée offect  Dose offech LDso Standard -
Noo  ug Dose as percent in probit ug - deviatiom

mortallty' wits, - ip probits

35 ‘h8ahour exposure uslng mlxed flueso G 12,212 22k
o 0.7782 0 & - 3.59h9 '
007782 ‘ 18,f : hoOBhévi.
. 007782 20, . .. hol58h
1 0.9031 18 )1 o8ke
0.9031 2 © ho2937
009031 30 heli7sé
10 1,0000 .36 . h.6hls
10 - 1.0000 36  L.6l1S
10 - 1.0000 . k8" o ho9ho8

mﬁm@mm

- 361 » '2hahour e&posure aSLng m1xed flleso ;: _;‘13019‘ h129 |

6. 0.7782 2. o 2,9463
6 . 0.7782 1h T 3.9197
8 . 0.9031 16 o he0O055

8 0,9031 36 . L.&h1s -
10 1.0000 L6 0 hoB8996
o0 190000‘_ b g09h98\

37 :u8ehour exposure uslmg mlxed fll@So u: »v, To543 _;l?5h

0:6990 10 - 3,718h
007782( 2&1 R ’ 'Li-o 2937
07782 32 C - Ll.5323
0,8h51 30 C k756
0851 - ho. - Lo ThéT
S 0.903L 60. - 5.2533
0.9031- 60 .. - 5,2533

oo == GLONVL

38 - lhB~hour exposure using mixed flies. 10,17 .228L
' 6 0.7782 18 . _ 3059&9 ' :
o 6 : 007782 22 } . B h92278
6 . o 0.7782 22 - L2278
8 - 09031, 29. . hohl6b
8 09031 30 heh756
8 0,903 36 - bélas
10 - 1.0000 Lk " L.8h90
10 1.0000 © hé - hs8996
10 1.0000 58 . 15,2019

(conttd) -
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Table 8. 'Bioassay results of DDT by Method ,IVgg(Cdncluded) :

U Test 5D§;§'e i..ogf' . Dose effect  Dose effect VLZ!:)@0 _ Standard

. Noo ug Dose = - as percent in probit ug - . deviation
: .' - mortality = units ' in probits

39 . L8-hour exposure using mixed flies, 77 02181 -
6 0.7782 20 © 7 hLeas8h ‘ :
-6 . 0.7782° 10 © 3,718k
8 0,903L 32 - h.5323.
8 . 0e93 30 - 7 hoh7s6.
10 1,0000 " 30 ¢ hoL756:. -
10 11,0000 30 - hob756

“+ 4o . 2h-hour exposure using mixed flies. = -~ = °“31.75 L06LO
5 | 0.,6990 10 - 3.718hL ' -
‘5 S 0.699C 12 3.8250
10 1,0000 2k . he2937
_ 10 ' loOGGG .20 ' holsgh
15 L1761 30 - holy756
S 15 1.a76L 32 - L5323




' Table 9. Bidassayﬂresﬁlts of Guthion by Method I.

,pg“-

Test

Noo

" Dose

ug

- Log
- Dose

as perceat .
mortality

units

~ Dose effect Dose effect IDge

in probit ug .. .

. Standard

deviation
in probits

hll“'.f 

‘wwNmHH

00,0000

7 0.0000 .
- 0.3010
03010
0ol771
0al7T1L

33

62
87 .

60
ol

. ‘, \ ; )495601 | .
550000

502533

© 553055
- 503585
‘ 6@126&; 

1,331

0319-3 ; ‘

e

WW RN

00000
0.0000
- 03010

0,3010

0.7

0.k771

73
S Th

T 12

6l

13,2493

3,8250
L7981
503585‘
5.6128

633

2,167

23112

3

1,0000
1.1761 -
| 1.3010
1,3979

29 .
75

3,599
o bih66
- 5,3585

5,671

1,825

J272 -

‘QWNNHH

0,0000
- 0.0000 |
0.3010
03010

0ok771

0-L77L

90

.91 ff‘  L

ugboﬁﬁﬂ |
- 0,0000
L 5.0502

5.7722

16,2816

5§3h38’"

1.622°

2970




Table 10, Bioassay results of Guthion by Method IT.

Ly

Test

Noo

Dose

ug

- Log
Dose

as percent

-mortality _

in"probit”
anits

‘Dose effect Dose effect 1Dgq
ug -

. Standard

deviation
in prebits .

g

Wwymeff

.0 0

Qooaoo

0

Q

00000
0,0000

0.3010
Oo ,301@ '

Qgh??l

”fi@oh7?; |

e
60
60

o

-2k
‘?6f

. 5,1510

552533 -
5:2533

-5o99h5

b.2937

| 5.7063

2,957

L6463

W

W RN

0.Q000

0, 000C
0,3010

: GdBOlO

Oob772

- 0.l771

318250
. 'h-c 5323

el

b 7h67
5,1510 -
. 50553k

2;3h5_

53217

T

Wi DR

. Q000G
0.0000
- 0.3010
0.3010 .
_Géh??l‘
0.h771 .

29

32
80
80
9

L L6

Lo5323

) 50 815-16
- 5,816
. 6,2816

1.30k

1737

18

WW R

00000
00000
003010

003010

0.L771

N Ooh??l -

2

b
96
92,

v-3059h9
102937
S 508)4-16
S 5s8h16
S 6.h051

- 657507

110597“;

-3065




_ Table 11, Bioasséy Tesults of Guthion by Method IIT. -
_ Test : Dose  ‘Log . Dose effect = Dose effect 1IDgo  Standard
Noo ;;,ug ;-",\'Doge,‘_“;gspercent‘r in probit ug deviabtion

‘mortality  wnits  in probits

L9 -~ h8-hour exposure - e 3,771 1063
053010 19 bo1221 o
10,3010 21 ' 1i,1936
Ooh77L- 38 - L.69h5
Ool771 . L2 7961
-~ 00602k - b7 - 9217
S 006021 57 7 5.176h

EEWW NN

50 . 2h-hour exposure _ R 2,562 305k
. L. 0.0000 15 - 39636
0.,0000 19 ho1221
0.3010 31 ‘ o 50k1
00,3010 33 . l4.5601.
Ouk77l- L8 . Lo9L98
0771 . Th - - 5.6L33

W N

b1 2h~hour exposure: . - ARV P
’ 3 00,0000 © 5 303551
0.0000 .6 3.hlB2
0.3010 . 12 358250
C0.3010 013 - 3.8736
O 0.MTTY Lo o7 heTheT
C0.h77L 52 .. Bo0502

3,803 3049

W W O




| ) L6
Table 12, Bioassay results of Guthion by Method IV:

Test - -.Dose  Log Doge effect Dose effect LDsq  ‘Standard o
Noo' ug - Dose = as percent - in probit vg .. deviation
o oo mortality -  units . dn probits

52 L8<hour exposure T 4681k .7h85
C 0.5 0.69% 37 - L6681 ‘
Q.5 10,6990 L5 L.8743
1.0 . 1.0000 50  5,0000
1.6 . 1.0000 - 87 . 6,126k
1.5 = 1.1761 88 6,1750
1.5 1,1761 90 o 6.2816
01,3010 * .92 o 6ohosy
0. 11.3010 .96 . . 6,7507

. 53 . L8<hour exposure - e
0.5 70,6990 B 73,5949
055 G06990 N 58, R 502019
1.0 71,0000 - w760 o i 5oT063

1.0 10000 84 569945

© 1.5 CL.A761 - 78 . B.7722

1.5 - 1.176L 80 5.8h16 .

2.0 1,300 .. 92 S 6.ho51

2,0 1.30000 9k = 6s55h8-

383k io7586"" =

gL 2h-hour exposure - . - Co 1,099 .2181
0.5 006990 22 L.2278
. QOS o 006990 L 27 ‘ ) o 1—!-03872
" ‘100 'lpOQOO . 38‘ CoL ‘h069u5
"1.0 . 1.0000 0 L2  he7981.
1.5 1.1761: - 62 53055
1.5 1.176L... 72 5.5828
2.0 7 1lo.3010 61 502793
2.0 S l.3010 78 B.7722

55 . h8<hour exposure - = = | . 29188 .ho93
' F 0.5  0.6990 15 3:9636. - ...
- 05 T 066990 3 - L5875 -

© 1.0 1,0000 b2 0 he7981

160 150000 51 . 5,0251
1.5 L.1761 . 52 - 5,0502

1.5 L1761 86 - 6,0803

" 2.0 1,300 .88 - 6:1750

12,0 1,300 92- . 6,h05L

(eont'id) |



T

 Table 12. ”Bioassay'results of Guthion by Method IV. (cenclﬁded)

 Test  Dose  ILog ' Dose effect  Dose effect IDs,  Standard
- Noo  ug Dose - as percend in probib ug - deviation
' moxtaliby wnits - in probits

56 - lh8=hour exposure - e “1s213 3580
' 0.5 0.6990 10 .. 3:718k ‘
Q0699Q 16 I )J.»eOQSS
0,9031 12 - 3:8250
- 0.9031 20 ho158k
11,1761 .50 - 5,0000
11761 72 1 5.,5828
1.3010 77 5.7388
S 1.3010 - 87 - 6.126k

PNEROD O
. O OV oL




Table 13, Bioassay r‘esul;ts of Tanphene“by Method. I.

Test - Dose © Log 'DOsé”éfféct_K'Dése’éffee%‘ LBgo 'g-StandArd'i
Noo ‘ug - “Dose. . as percend in probit ug . deviation - -
: - - ‘mortality - wunibs - . in probits

o 10 . 1.0000- . 28 o hela72 . 12.86 0 J1hB6
10 . 1.0000 2k C o he2937 - e
15 LeI7br’ -6k . 05,3585, .

15 1761 60 - B.2533 .

20 - 1.3010 88 6.1750
20 - 143010 ., 92 - .6.4051

58
10 © - 1a0000 8= . 355949
15 L4X76L 0 30 . Lah756
15 ¢ Lgrer - 36 - heblas

20 . I.3000 . 87 ¢ 6sl26L
20 1.3010 88 B 6.,1750

R T R RSy
o 5.7 0s6990 . -7 3522 8403 .2379 0 oo
5 0.6990 8 - 3gBokg T T
10 - L0000 - 8L - 5.99hs 1. .-
15 TJL76L 95 - . 6.6hh9 .
15 0 L.l76L - 96.. . 667507

l 1&33 "

100 1,000 k. 3i2h93 'fl5%5h rf@?98ﬁ:“ j : I:,57i



. Table llg.g, Bioassay results of Toxaphene ‘by Method 1I.

b

5

Test  Dosa  Log Dose effect Dose effect 950  Standard
Noo ug . Dose as percent  in pirobit ug deviation |
‘ mortality units in probits
60 . - « P . T2 - .
-5 0.6990 0 00000 10.16 3268
10 - 1.0000 36 - LebL15
10 100060 60 £s2533
15 - 11761 88 651750
15 1:1761 92 651051
61 DR , L U
5 - 0.6990 16 1150055 6.76L 1131
5 066990 16 Ls0055
10 140000 88 - 651750
.10 - 1,0000 92 6.4051
- 15 11761 100 e
S 15 1l.176L 100 JE—
5. 0s6990 3 3:1192 20.16  &h60B
5 . 046990 - 10 34718l E -
10 10000 . 23 L2612
01,0000 23 2612
15 1761 25 123255
11761 - 25 Li23255.




" Table 155 \Bi_oas‘;say results of Toxaphene by Method III. (

o Tegt
N0§"“

~Dose ¢ Eog p ﬁ‘  Dosé ‘effect ~Dose effect LD50
ugv_‘.,, Dose - .as percent  in probit . ug -

o moi*talitv o 'un‘i*bs

" standard
" deviation

in probits

63

»Testmg w:.th three day old fl:n.es for 2)4 hoursﬁ,
10 -\vleOOOO"H“.ﬁ‘h"f‘"A‘ “ 73@2b93 239

100 Ii0000 - 9. . 346592

' !.115,3”,5 S176L . 16 - Le0055 . -

1 Late 220 keerB

, ;t" 207 130000 0 38 - Leb9h5
V‘”;ngwu';tl§3010-f L 39,}1*7: ﬂ_.h57207,~

51702 .

L fﬁ;&'1 ‘

‘V:Test:mg W:.th three da.y @ld flles for' )48 hourm .
'7;10:-;'7160000 :7fh3f~f'v[ ‘,.vhm8236'_u* 11¢23

1';’7?;f10+,%‘11boooo-f!a;vu1~‘H',-i':’;ug7725',, |

RS AR WLT6E - 63 ¢ 553319

S 1avEe B S Be6ThS

720 0 TL3010° 83 v Bi9sh2

| Eifwizcz;,ffxésoxo o9 ,,‘ - 5.B06h

i:?i3§6:t ff“f?3iifTh

100 10000 - 10 3u52k2 17°86

Testn.ncr Wn.th f:rve day old fl:.es foi*; 2)4. houz'so Sy :

CI0 X007 . 3.7a8l

150 L.X76L "hO o heThé7

COX5 376 o o LTS
S .20 133010 62 - 552019
C 200 IQBQlo‘jF 58 jj -5o3o55'

132

'Testmg with flve day old fl:.es i‘or L8 hours.

0100 150000 39 LaT207 . 11.83
©OXO . 1600000 - 38 - Le69ks o
15 0 Lel76L . 60 - 542533

15 TAT76L - 700 - 5.B2ky
20 7. 1.3010 . Bh . B.99kS

ng‘;fzo;:,f_lQBOlO R R

L1090

:,  ;6?-‘;7

vg.Test:.Lng W:Lth four day old'flie‘s for 2l "hoﬁr*s‘ | *
’[.n5_ M'A Om6990y~ 33‘18: . }'fu, h&oshé; 'v<1h;25:‘
”an‘v,1066990 () _ :L$1936: DREREN

J'v.‘m IOJ ff;IQOOGO o2h 2937 ‘ g:

‘La0000 34 - L5875

10 ) -
15, ITLXI761 . 5L . . 50251 -

a8 La76r . B9 . Bipats

2003000 - 57 . B.176h

jl.5.f?@f:x;vlo3olor‘;f‘;?1 . Bi5s3y

| §2195 o



f ;68f;

‘fTablejlﬁgr(cbnclnded)

51 "

CTem
‘ij‘N0¢ .

Dose .
. ug

ﬂE@é' ‘

‘Dose-

.‘bbs'ef}effféét
as percert
f*j mor%allty

DOS@ effect

in problt ;

umlts

E@so

ug

- Standard |

deviation

. in probits -

g
.5

l%lQnIJ
a0

15 .

~ 15
200
> ZOf, :

1.0000
L1761 .
151761 ..
123010
\93010.__

- 82
rsh' »
e

s
3
,663;;

67

359636
ha5875

ﬁfTestlnc Wlth 5 day old flles for AB houISo f

":Oa6990’
o Q§5990g5ﬁ'

150000 - o oBameE

7,858

,5¢h399”. . "”v:A :
5918l
5%99&5 » N

- 652816
657507

2323

. 69_;

LIOK.
10 ¢
15,
R LA
S 20

: 20

1..0000

~ LeXl76Y

101761: ‘: = -
| 1.3000
-~ Le3000°

rx[Testlng With four day
ﬂl@OOO@,(;

old flies

for. 2l
128743
551257

houréo‘hi§ f J;«
998k

- 532585 .

. 5ol
o 5553Lh
| Siae

e

g

" l@.,,
. 10
;xs 'i

o 15

o200

S 1L
20
S 38 -
SBL
60 . -
.69 \
b

 ‘ﬁ Testlng wath flve day old. flles

i 0&6990f
’ '&6990 '

01,0000
150000
LeX761.
'11@1761
1430%0
"»l@SOlO e

foﬁnéh,

357735

: £;158h.

L6945

552533
514959

hourse -, ..
10,98

50251 -

 Beeh33
'i”63036h‘;>}

22002

;JﬁJigéfv
? ‘5' .
.{10 of

10

CLIB L
| ”1511

53
Lo - ‘
75
83

‘Testlng‘W1th four day

046990
o 56990 -
120000

140000
L1761
CLeL76L

7

20

old\flies

‘For LB

73a1192 .
ChedB58L .
- 560753
o heth67.
L Be6TT6 e
e

hourse e

10@32

: mhpji;é_ e

”w72,( S
; _2-:§.
PRS- SO
oo 1o
””ﬁ;:ﬁy;lo ﬁh;
15

Testlng Wlth four day old flles
;:0%6990 Q;;,L .
- 056990
1,0000
160000
LITEL
11761

for 2&

hoyrs;

W396592f'
100000 -

o122l -

"C”fha 937 o
RN BT
118190

20069

aiss

Ao



;. ‘Table 164

“Biocassay results of Toxaphene by Method IV. -~ -
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Table 17, Bioassay results of Malathion by Method I.

Dose effect

5&1510 -

- Test Dose Log Dose effect E{DSC; Standard
Hoo ug Dose as percent in probit ug deviation
' mortality units in probits
10 1 60000 16 ha0085 135 43657
10 10000 2h - he2937 i
15 11761 - 48 ~ he9li98 |
15 L1761 - 60 5.2533
20 143010 8l B5e991i5
20~ 1.301¢ .96 657507
- 15 L1761 18 L.O8L6 19,99 #3587
- 20 13010 LO Lo 7467 ‘ |
25 1.3979 60 5+2533
2 053010 22 ho2278 be87 o257 -
2 063010 25 L3255
I 0,6021 16 L8996
L 06021 L8 Lia9k98
6 057782 148 119198
& 07782 52 540502
8 069031 6l 542585
8’ 059031 75 5206745
10 150000 56 © 5el510
10 1,0000 83 569542 -
g .5: e - S o L
15 ¢ Le176L L 3.2l 25422 o2
20 . 1,300 16 e B e
20 r.3010 32 - he5323
25 L1.3979. Lo - leTh6T
25 163979




Table 18, Bioassay results of Malathion by Method IL.

Test Dose Log of Dosé effeet Dose effect I’DSO' ‘Standard -

Noo  mg 10X Dose asiwperceiit- inm probit  ug’ deviation
co mortality - units .- . - -in probits

L 1 1s0000 8 3599 - 3033 2218
I . 1,0000 9 . 3¢6592 ST
1.5 L.176r - 1R © o 348250
1.5 0 L.X761 0 16 L L0655
120 1.3000 - 22 Lhe2278
2,00 1e3000 390 - - heT207 ..

C 05 . 046990 19 L. Lel22)
La5 151761 17 7 - heOhS8

C 1e5 L LAT76L 29 - . hghh66

2,0  1.3010 30 o bokrs6

2,0 143000 © 37 L6681

2¢5  1¢3979 - hh - he8LOO

265 163979 ‘53 560753

0.5 046990 17 - haobsB  L38 .2525

' © 10000 2k - ha2937 2,272 42073
. 1z0000° .~ 32 - - heb323 o ,
Le3000 39 he7207
13010 Lo be7h67
L U771 56 51510 .
O Lek77L. 0 69 . T Buk959

LW L

85

© 1.30100 69 o 5ihosy
o5 L3979 . 68 . Bh6TT
51,3979 . 920 - - 6.h0O5L

Leb77L - © 90 6,2816
L1771 96 . 6s7507.

W O P

CLo30I0 6L 5.3%85 . 722 W3773 e



 Table 19+

Pest

‘NGé

.Dose
ug

- Fog
- Dose -

Dosé effeet
© as percent

Dose’ effect ”Bng ,
in p¥obit = ug

.'Sﬁéndard_ .
 deviation

86 Tésting:With,five day old flies
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1,0000
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11,3010
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20 -
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>:.’h#50hl“,
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e

Testlng'w1th flve day dld flles
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‘]_%téé;;;;w‘ '11.85 w0252

Bioassay results of Malathion by Method ITI. o



" Table 20, Biocagsay restlts of Malathion by»Method.IV. 56

Test  Dose ~ Log .  Dose effect Dose effect IDy,  Standard
Noeo = ug Dose . ‘as percent - in probit - ug” deviation
: L morbality units -~ .. in probits

90 . 24 hour exposure. e e
00000 - 2 Le2937 - - 1428 .1913

. 00000 36 . heSh1s L
040000 - L8 C le9l98

040000 W8 - ha9Wo8 -

0.30¥0 68 5LOTT

0,3010 70- .. - 5i52hh -

0,3010 70 5i52hly

10,3010 72 3 5x5828.
- Osh77i - - 78 . Bu7722

o477 . 80 ¢ . 5.8L16
C0h7TL Bl 5e99L5.

S 0aLT77L 86. . - 65,0803

MWW W N PO PO I

91 L8 hour exposure. - - B S . :
00000 32 Ls5323 1,116 41667
1050000 2. ha7981 R
040000 . . L8 . R P17 117 R
- 00000 ‘50 540000
©0.3010 - . 80 - EB.8lpé
03010 82 . 5a918L
0.3010° . 82 - 5.915k
0,3010 86 - 6.0803
Ouli7T7H - 90 - - .. " 6.28L6 -
COl7TE o9k - 6,55h8
Oeli778 94 . - 64,5548
.0sh77L 96 . 6.7507

WWWW MR N N R

92 2k hour,exposure. - - s T E
- 0:0000 . 16" 10085 1666 2197
1 0s0000° 3k L5875 - e
T 03010 ¢ 56 - . 51510 ‘
0,3010 ~6h. 0 - Ba3585 0
oLhrTL 78 C5g7722
Ook771.. -~ 80 5.8l16

WS PO B
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Table g1

. Bioassay results of Disldein by Method I
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Table 22. Bioassay results of Dieldrin by Msthod II.
Test Dose Log of Dose effect Dose effect LD50 Standard
No. ug 10X Dose as percent in probit ug deviation
mortality units in probits
102
0.1  0.0000 b 342L93 2110  40L35
0.l  0.0000 0 00000
003 O-h771 68 5011677
0s5 046990 92 6.1:051
0.5  0.6990 92 644051
103
0.2 043010 Lo Le7h67 1956  W2771
0.2  0.2010 60 5e2533
0e3 Oel771 88 641750
O3 o.L771 92 6.L051
0.y 0.6021 96 647507
10l
0.2 043010 60 562533 J1576 126l
0¢2 0.3010 66 S.l125
0e3  Ouk771 8l 529945
03 04771 88 6.1.750
0.5 046990 96 6.7507
105
02  0,3010 L 3,2493 #258L 41873
0.2  0.3010 8 3¢59L9
0e3 0sL771. 80 S5.8L16
0e3  Ool771 8L 5499045
106
0.2 062010 L 3.2L93 #2553 971
0.2 043010 2L L.2937
0e3  OulTT1 8L 5.99L5
0.3 Oet771 88 641750
Oeli 046021 96 647507
Odi 046021 96 647507

Univ. of Arizona Library



‘Pable 23.

Bioassaynresults-Of‘Dieldrin by Method :IIT. -

. Test.
Now

- Dose  Log-of’
uvg - XOX Dose

© morbality

Dose effect. Dose effect
as percent

in probit

ED;O
ug’

- Steandard

deviation -
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‘Table 2k, Biocassay resultis of Dieldrin by Method IV.

61

‘Dose ~ Log of

Dose effect Dose effeet

Standard

Test -Eﬁgg‘ .
Noa ug 10X Dose  as percent . in probit ug deviation
o mortality  units in probits

112 Zh'hoﬁr eXpOSUre. _
0.2 03010 - 22 11,2278 22779 o122l
042 03010 32 ho5323
Oai 006021 7h Se6L33
Ok = 0s6021 76 5,7063
0.6 0.7782 - 92 6.L051
0.6 : 0,7782° =  9h 6o55L8

113 ‘ 18 hour expesire. . |
0,2  0.3000 L2 L7981 22083 1780
0.2 03010 50 . 550000
Osk = 0.6021 . 8l 509945
Oali 006021 92 61051
0.6  0,7782 - 96 657507
0.6  0.7762 96 657507

11k - 2l hour exposures ,
0.2  0.3010 10 - 30718) o3h32  Ja2bh
062{ 03010 _ 16 o 10055 o
Oel  0.6021 60 502533
Och . 0,6021 67 5204399
046 07782 .87 6.126L
0.6 0,7762 88 6.1750

| 115 2l hour exposure. B o
© 0e2  0,3010 10 357184 2669 05265
0.2 03010 5L 50100k
O 046021 75 5.67h5
Oe;).& . @ 06021 ) 86 6 30803
0.6 = 07782 92 604051
0.6 07782 96 627507
' ilév“ Zﬁrhour exposu:é;~, L - o

0o2 . 003010 - 32 lo5323 02669 21769
0:2 00,3010 ko boTh67 o
0ol @e602L - 62 503055
Ock  0.6021 h . 5s6h33
Oe‘xé 0&37782 o 86 600803
0.6 - 0.7782 90 6.,2816




. ‘Table 2. (Concluded) =~

‘Test ~ Dose TLeg'of - . Dose effect Dose effect LDgy = Standard
Noe - ug ~ 10X Dose . as percent in probit . wug”  deviation SR
S : RS mortality ' units S L fin,px@bits];':"""

REES & &/ E v&@;héur;exposureg,ﬂ-g"’ e E R ; : o T
U 0s2 . 083010 . 50 v 500000 L2132 s2870 .
T 0e27 0g300 52 - 5,0502 S e '
Ogh 066021 720 . 75,5828
Ooht - . 046021 . .Th 7 . 5:6h33 .
.06 07782 96 . - 667507 -
06 0.7782 96 . 6.7507 .




APPENDIX B
DETAILED STATISTICAL METHO(D
Key to Symbols: |
X = the individual dose levels in log units,
Y = the response to each dose in probit units,
S = the symbol signifying a summation,.

b = the sample regression coefficient: = g
Sx:

a = the mean of the mortalities corresponding to a deviation of zero in
the dose levels,
n = the mumber of observations in the test.
SX = the summation of all the doses,
SY = the sumation of all the dose effects,
8X2 = the sumation of the squares of the doses.
SYC = the summation of the squares of the dose effects,
SXY = the summation of the dosage times the dose effect,
Sxy = sum of the products of the deviatioms of both parameters X and Y,
Sx2 = sum of the squares of the deviations of X,
Sy? = sum of the squares of the deviations of Y.
Procedure
A, The data,
1. List the actual doses used, and the percent effects then convert
the doses to logarithms (X) and the per cent effects to probit
units (Y). N
2, When some of the doses in a test are less than one and designated

in decimals, multiplj all the doses in that test by ten before
€3



6L

converting into logarithms,

B.
1.
2.

3.

L.

5e

Calculations of functions,
Calculate the summations SX, SY, sz, SY2, and SXY.
To calculate the functions Sxy, Sx2, and Sy2, the following

equations are used,

Sxy = SXY - _(SX) (SY)
n

n

Sy2 = SY2 - (s7)2

n

Calculate the sample regression coefficient, b as:

i
Calculate the function, a as:
a=85Y-b !SX[
n n

From the above two calculations the LD50 is arrived at by
the equation:

IT=a+bXand X =Y -~ 2

5

where Y is the 50% mortality point, then substituting the
probit unit for 50% (S5) in place of Y in the equation solve
for X which would be the dose required for a 50% effect, and
equivalent to the I.'Dso.
To determine the error variance and standard deviation for the
regression equation the following procedure is used:

azy.x-§£;3 !gz

8y.x = /B8y x



Where szyJ is the variance and sy y

is the standard deviation ar errcar,

Sample Problem

Solution of the Dose~effect curve of Dieldrin by Methed IV

Dose in Dose in log Dose effect Dose effect
micrograms micrograms dose as Mortality in probit
x10x units
0.2 2,0 3010 22 ke23
0.2 2.0 3010 32 he53
Oukt L.0 5021 Th 5e6k
Ok LeO 6021 76 571
0s6 6.0 #7782 92 6elil
0.6 640 #7782 ol 6455
Step 1: SX=3,3626 SY=33,07
X2 = 2,17 ST21 8,82
SXY = 19,556
Step 2
Sxy = SXY - (SX) (SX) = 19.55% = (3.3626)6(33.07) = 1,0235
n
5x° = X2 - (s:i)2 = 2017 - (3.3626)° = 2329
N -6

Sy° = ST = (57)° = 186,82 = (33.07)% = L.5492 or L.55
(€9 (33,07)°

n



Step 5&

66
Sample Problem (Concluded)

b = Sxy » 140235 = LeLO
= - L0
X

A =

(Sy) = b (Sx) = 33.07 - L.lLO (3.3626) = 3.05
= 5 -

n n

D50 = Y = a + bXe If Y is 50% kill then Y = 5.0000 probit units;

therefore 5 = & + bX and X = 5 -~ 3,05 = 0.LL318. The antilog of
o0

O.LL318 is 2.77; therefore to convert back to the original

dose level divide this by 10: 2¢77/10 = 042777 = the LI5p

Szy-x =5y - b (éxz) - 455 - g.uo (1.0235) = 0.01165
-2

(n-2)

Sy.x = 0.01165 probit units.
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