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l. lntro&rclion

A hioaseay uoit wae set up as a fast, reliable, relatively simple and inexpen-

sive measuring techniqua of toxicological properties of insecticidee. In some respects

this Eethod is auperior to the more sophisticatod and expeneive chemical analysia,

especially in studies of degrading or metsbolizing processes which influence the

toxic poteutial of the pareut toxicant. Good uee can be made of bioassay in residue

analyais.

The principle of bioassay is to compare r€sponse8 of test iusects to treated

samples with those of a series of standards under the same conditioae, Respouses to

toxicants are usually defined as a certain moribund stage of the test insect'

Many factore affect the insect response. Therefore the testing procedure has

to be standardized and a standard series has to go alotr8 with every test in order to

obtain roproducible resulls.

Ae bioaseay has been used increasingly over the lsst two decades a lot of

publications have amassed which are summarized in a number of rcviewe ( e.g. 7, 2,

4,6,7,a,9). Testing the performance of our bioassay unit yielded some results which

are reported in the sequetrce of the testing procedure.

2, Blooroy procedure

Drosophila melanogaster was chosen as test insect because it can be reared

and handled easily (3). The Evin-strain has been inbred for eix yeare. This genetically

homogeneous population is coneidered highly uniform in ita physiological make-up as

long as their rearing conditions are maintaiaed along tbe lines of a certain set of rules.

Temperature and humidity of the rearing room aro 9et at 27!2'C and 7o-4o7" !.h. NutritioD

and population densityare regulated iu the following way. The food consists of 125 8r. corn
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flourfo gr.Agar-Agar+ 62 gr. suSar+7 gr. yeast which is distributed equally into 6 iars
of 450 ml capecity. 12 females and I maleg are put iDto each contaiuer which is covo-
red by a piece of cloth. The drosophils arr immobillized by COz for a few minutes
to sex and lransfer thsm-

Petri dishes of g cm diameter were chosen a8 lest conlainere. The toxicants
wore diasolved in low boiling solvents (e,g. petroleum ether, acetons) whenever pos-
Bible. The same Bolvent was used for both the treated sample and the standard, Petri
dishes with the solveDt only were used as check, mortalitiss of wbich were related
to the morlalities oi treated samples by meana of tho Abbott formula. Usually E to 6

replicates of each trealed aample were tested. Each replicate consieted of 20 drosophilsr
1to 3 days old.

Generally mortalities were recorded at time intervals. LTsg values were calcu-
lated as average figures of the replicates and were exprressed in houre ae decimal
units . Plotting the LT50 values of the statrdard versus their respective concenlration8
on log-log paDer results in an eye fitted line. The LD50 figures of the treated sample
can then be read off (5). We prefer this more tedious procedure in case of unpro_
dictable concentrations (e.g. fast degrading deposits) to the direct calculation method of
LDso. If it is practical to limit the exposure period, the probits of mortalities are
plotted agsinst log. concetrtrations of the etandard series and the LD50 are read off
on the straight line.

3, Voriobility of insecl respons€

Despite all staDdardization efforts a certain variability of the teat insects has
to be reckoned with. Tho magnitude of variation of the bioassay resutrs gives an
indication as to the accuracy and reproducibility of tho bioaseay method.

3.1 The relationehip between re'po'se and conceDrration of the etimurus wae
established. Four conceDtration levels (ml/plate) of Nexion 40 EC were teeted, each
being replicated 3 to S times. The L'lso valuee and their varistion coefficienls are
recorded in table 1.

Table 1. Effect of insecticide concentration on rosponse.
Concentration u LTso V.C.

l. 1.9 x 10-6 9 z.SZ ts
2' 1.9 x l0-5 6 0.88 11

. 3. ,.9 x l0-4 3 0.42 1

4. 19 x l0-B 3 0.3s 3

LTso:Timc whe' EoZ mortality is recorded. V.C, - variatioo coefficient
The variation of responses to higher conceotrations ie emall. The results at

ths lower concentrations, wbich fall into tho range of residuo aoalygis are molo
variable, but can still be coneidered ae eatigfactory. Incideatally, the do8e of 1.9 x
10-3 El,/plato io equal to g 1/ha field doaage.
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3'2 The vriability of the insect response over a period of time was checkedby repeated tests. During 22 days nine tests with Nexion 40 EC at 1.9 x 10-6 ml/
plate were carried out; each test consisted of E replicates. The LTso figures varied
considerably around the median value of z.s2 hours (Fig. 1). Arthough the fries were
reared under the same conditions their response intensity changed from day to day.
This does not influence the accuracy of the biotest result because the LT50 varue of
each test is always correlated to a corresponding standard series. The sensitivity of
the determination may be impaired by such row LTro figures as in the iests No. I
and g. However, the high values of the variation coefficients of the tests No. 1, 2, I
end g seriously influenced the accuracy.

These conclusions are confined to this one insecticide. other insecticides of
different chemical properties might alter the response inteDsity.

4. Susceptibility of the test insect

4'r satisfactory susceptibirity of the test insect is defined as an appropliate
response pattern over a conceDtratioD range of 1o-3 to 1o-5 ml/plate , this is th8
range of macro-to microassay. ADd the criterion for a satisfactory response is that
the LT50 ie ranging from 0.S to 3.0 bours. Values below and above this range are
considered to be affected by too large an error.

LTso figures of the upper and lower detectioD limits were recorded. for a
number of insecticide formulations. The concentration levels were prepared as
aceto'e solutions of the insecticide with an active ingredient content as indicated
in table 2.

Table 2. LTso values of the upper and Iower detection limits.

No. Insecticide

Anthio 25 EC

DDT 25 EC

DDVP 50 EC

Diazinon 20 EC
Dimecron 20 EC
Dipterex 80 WP
Endrin 18.5 EC
Folithion 50 EC
Gusathion M 20 EC
Lebaycid 50 EC
Lindane 20 EC
Malathion 95 techn.
Nexion {0 EC

Perfekthion 40 EC

Concentratioo range of

l0-3 1(F5 l0-tr ml
(0-90-1.30 for 10-a)

l.8C-2.30

t.s0-2.00
0.50-0.80

4.00

0.60-1.00

2.60-3.00

2.20-3.00

0,30-1.00

1.00--1.60

0.37-0.{)

0.60-1.00

0.50-0.60

1.00-4.80

0.06

0.90

0,40

0.35_J,{0

1.10-l.m

0.lL4,l{

0.3{L0.38
(0.it0 for 10-l)
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4.00

0.80-4.50

1.40-5.00

1.80-4.40

1.40-3.60

1.20-3.10

I

3

4

5

6

I
9

10

il
12

I3
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15 Roxion 40 EC 0.70 1.60-3.50

16 Sevin 85 WP higher than 3.00 al 10-2

17 Supracid {0 EC 0.?0-0'80 1.00J.50

lS Thiodan 35 EC 0.?0-0'90 1'40-?.40

19 Toxaphen 50 EC (4.50 for 10-l)
The insecticides No. 1,3,6,7,8,S,13174,75,77 and 18 can be assayed successfully

over lhe concentration range 10-3 to 1o-5 mI per plate, although not all the necessary

figures are yet available, Several of them can even be determined in the 10-6 ml rang€,

which means for residue analysis that their detection limit is lower than 0.1 ppm. The

insecticides No. 2 and 5 pose I problem for the lower range and No. 16 and 19

cannot be assayed by Drosophila. The pesticides No. 4, 10 and 11 have a high toxic

value for the upper dosage level; by further dilution they will meet the requirements.

Drosophils are very ellicient and versatile test insects . Figures which are compiled

(9) for the lower limit of suscoptibility are in good agreement with our results.

4.2 In residue analysis of tea leaves the susceptibility of the drosophils towards

Rogor, Anthio, Nexion and Folithion was lowered to such an extent that the masking

effect of the tea leaf extractives had to be removed by a clean - up procedure- The

recovery data for Nexion before clean-up raoged from o.02 to 4Z for amounts of 5 to
100 ppm toxicant w'hich were added to the acetone stripping solution. 8.72 of Folithion
was recovered in a similiar test adding 1.5 ppm of that toxicant.

4 3 Sexual differences in susceptibility towards inseclicides are often claimed.

Females are supposed to be more resislant to contact poisons than males, e g to
aldrin accr,rding to Sun (8), to nicotine (1).

The higher resistance level is attributed to iveight differences of the sexes.

lf this assumption is correct the difference in susceptibility of the sexes would inlluence

the accuracy of bioassay reeults in case populations of mixed sexes are used.

As exact figures are scarce, the susceptibility of males and females of Dro-
sophila melonogoster (Evin strain) towards a number ot insecticides was tested. The

sexes were submitted concurrently to each acetone insecticide solution (5-6 replicates).
The LTs0 values and their variation coeflicients are summarized in table 3. The LT50

figures were compared statistically by lhe t-test.
Of the 20 tested insecticides, the following five produced significant differences

in response on the basis of LT50 values: Folithion, Perfekthion and DDT as well as

Authio and Endriu. Males were more susceptible to the first three while they wera

more resistant to th8 last two insecticides than females.

The differeat conceDtrations of three of the insecticides did not affect the

response pattern of the sexes. Interesting to note is the fact that in the IIDT-Lindane
compound the faster acting Lindane determined the type of reaction. For practical

bioassay purposes males or females havc to be selected for lhose insecticides to
which the sexes show different susceptibility. Insecticides which produce no sexual

differences in susceptibility can be bioassayed by mixed populations. A number of
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insecticides show large differences in variation. Iu guch cases the sex which sxhibita
the smallest variatiou should be prefered for the sake of accuracy.

Table 3. Sexual differences of susceptibility.

Itrsecticide Concentration
ml/plate

Nexion 40 EC 1.9xt0-4 n 4.8 39

Nexion {0 EC l.9xl(F1 3? 15.1 39

Nexiou 40 EC 1.9x10-5 100 l0.l l0l
NexioD 40 EC t.q(10-5 59 U.0 61

Nexion 40 EC 1.9xlH 361 17.3 335

Nexion 40 EC l.gxl0-6 325 4.1 357

Nexion {0 EC l.9xlFB 3m 19.4 3q)

Gusathion M 20 EC l.9xl0-3 ll5 26.6 132

Gusathion M 20 EC l.9xl0-3 729 23.3 ln
Roxion 40 EC l.9xlF5 10 ll.9 12

Folithion 50 EC 1.9x10-3 {1 8.8 3?

DiaziDoo 20 EC l.9xl0-3 6 21.2 6

Diazinon 20 EC l.gxlF5 &z 45.6 18

Lebaycid 50 EC I 9xlr4 X 4.3 2l
Perfekthion 40 EC 1.9xtF4 34 6.1 29

Malathion 95 T l.9xl0-5 3? 5.4 {l
DDVP s0 EC 1.9x10-5 197 Al 156

DDVP 50 EC 1.9x10-5 238 6.6 218

Superacid 40 EC 1.9x10-s 72 32.9 82

Anthio {) EC l.9xlO-l 96 9.5 127

Dimecron 20 EC l.9xl0-3 87 8.9 9l
Dipterex 80 SP 1.9x10-r 12 39.6 {5

Metasystox R l.9xl(F't 712 11.9 102

DDT 2s EC l.9xl0-3 232 t6.s h6
Lindane 20 EC I.9x10-3 l3 14.6 11

Lindane 20 EC 1.9x10-5 101 9.3 93

Lindane 20 EC t.9xl0-5 160 29.3 t2l
DDT-LiDdane 30-9 l.9xl0-3 30 17.6 26

Thiodan 35 EC l.9xl0-4 75 ?.0 70

Endrin 19.5 EC l.9xl0-s 26 2.7 303

Toxapheo l.gxlo-rl 449 2.9 416

S: Differcnce statistically significant at 5l level.

N:Differorcs statistically not aignificant at 52 lovel.

LTsOo v.c.
+

LT50
,r' v.c.

o
2.6

30.7

6.4

13.0

2t.0

6.2

1s.4

11.9

13.7

6.1

1.6

4,7

37.5

9.9

?.0

7s.2

31.0

69.2

35.6

8.2

ll.0
t, o

l?.1

21.3

13.6

12.7

35.5

12.1

10.3

8.8

4.8

Difference

N
N

N
N

N
N
N
N

N

N

S

N
N

N

s
N

N
N
N
S

N
N
N

S

N
N

N
N

N

S

N
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5. Dithibution ol deposlts

The importance of uniform distribution of the deposit is much discussed (11).

Some experts feel the deposit has to cover the inner surface of the test vials evenly,

other maintaiu it is not neccessary pointing out that the sctive insects will pick up

equal amounts oI toxicant even if th6 deposit is not distributed uniformly.

A Nexion 40 Ec-acetone solution was distributed in two ways in the petri

dishes. The whole amount was poured iDto the bottom part of the container (test A).

I[ test B half of the solution was despoeited in the bottom part and the other half

iu the upper part of the dishes. The LTs0 values of ths two tests wero compared

at 3 concentration levels against the same staudard. (table 4)

Table a. Eflect of deposit dietribution on toxicity.

LT50 V.C. LT50 V.C.
Replicates mvPlste T68t A Teet B

1. 5 l.sxlH 2.47+277" 2.oSt33'l

Z. 6 1.9x1(F5 0.66t182 o.70t737,
g. o 1.9x10-4 O.3Z+ 6?. 0.35+ 0Z

There was no statistical difference (t-te8t) bstween the two kinde of distribution

at the three dosage levels, I ':' I I I

6. A9ln9 ol deposltr

Tho aging period i.e. time iateral betw€otr complete evaporation of solvent

and addition of test iDsects should be carofully controlled, especially for more volatile

insecticidee (11). This also holds for medium votatil€ compounds. Nexion deposits were

submitted to sgiEg periods of one hour and two days at 1o-r and 10-5 mI concontrstion

levole. The toxic poteDcy of the depoait had deo.eased significantly (t-test) aftel two

days as tbo LT5o figures showed.

7. Yolotility ol lmecticidc &poritr

The loss of toxicity during the aging process is mainly due to volstilization'

7.1 Volatilization and corresponding sublimation can slso cause contamination

of open platss which aro put iB the hood for drying' Working with DDVP 50 EC

dissolved in hexaue we obtained snatic results. we then placed plates of a 5 x 1(F2

mI concentratioD among uDtrerted petri dish€s. After an evaporation tiDe of 30 minutss

all plates were bioa888y8d. The LT50 figures of the treated pletes wero below 0.05

hours, while those of ths untreated oaea ranged from 0.09 to 0.27 hours'

consequentlyr the plates were put into a rack with separated compartments for

drying period. The rack was connected to a wind tuunel, so that the air drought

paased over each plate separately. contaminatioD of adiacent pl8te8 wa8 thus proveDted.

7.2 ID large Bcale experimsDts soEetiDes oot all samplea can be bioassayed on

the samo day. The closed petri dishee are the! stored for one day.
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Plates which were stored for L 3, 6 days were tested againet deposits which
were prepared iust before the testing. Nexion was deposited in the bottom dish at
1.9x10-6 ml/plate. Each test was replicated 5 tine8.

Table 5. Effect of storage on toxicity.

1

2

3

4

LTsO

no storage

2.42

2.72

2.04

2.40

LT5o

storage of
1 day 1.69

1 day 2.26

3 daye 2.38

6 days 4.77

After one day of storage tho plates showed slightly higher toxicity in compa-

rison with thoss plates which were bioassayed right after preparation' while the plates

stored for 3 days gave a decrease of toxicity. All differences were not significant (t-test).
The toxicity decreased significantly after 6 days (table 5). The evaporating insecticids
had sublimated to a large extent on the total inner surface of the co[tainer and had

thus increased the toxic potential, However, aftor 6 days enough of the insecticids
was able to escapo from the petri dishes to signify its disappearance.

7,3 By volatilizatioa and corre sponding sublimation, a fraction of the oriSinal
deposit which is put iDto the bottom part of the petri dich is redepoaited also on the
top part of the dish. Some of lhe gaseous particles escape from the container during
the volalilization process, eince no pair of petri diehes is tight enough to prevent it.

Quantitative figures were assigned lo the two effects of volstilizatioE on the bioassay

procedure.

The influence of concentration, the original deposit and tho period of volatiliza-
tion was tested on tle model insecticido Nexion. Then tho volatilization behaviour of a
number of insecticides was established.

The inseclicide was deposited as aD acetone sclution itr the bottom plate of a petri
dich. The concentration of lhe original deposit is oxpressed as ml of the respective

insecticide formulation per plate. After a drying period of 30 minutes the bottom plates

were covered snd then kept for a certsin volatilization period at ;coom temperature.

At the eDd of that period ths bottom plates were covered by other uncoDta-
minated top plates and vice versa the top plates were covered by frech bottom platss.

The 5 replicates w6re then bioassayed against a iust prepared standard series. The
toxic potential of the bottom plate (primary deposit) and that of the top plate (secotr-

dary deposit ) were thus determiued separately. The ratio of the two deposits was
considered a Sublinstion Index in percent. The dilference between the total amouut
of the two deposits and the original deposit was considered lost during the volatilization
process. The loss of toxicant during the drying period is included in the lost fraction,
The total loss is r.ecorded in percent.
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Volatilizatiou periods of t hour, 2 hours and 16-19 hours at various cotrcetrtratioa

levels were tested lirst (table 6).

Table 6. Effect of various volatilization periods on toxicity.

Test No Original
deposit

mV plale

5.7x10-3

1.9x1(F3

1.9x10-4

1.9x10-5

5.7x10-.1

1.9x1(F5

5.7x10-3

5.7x7O-1

1.9x10-5

Recovery in I
primary secoodary

deposit deposit

Sublima-
tion
Index

Z

Losg

1. Volatilizatioa period: t hour

1

2

3

4

2. VolatilizatioD poriod: 2 houre

1

2

3

3. VolatilizatioD period, 10-19
houm.

1

2

3

63

55

770

740

7

3

18

5

12.7

4.5

10.6

3.6

30

42

l0-37x ca. 1

6

74

0.8

8.6

2A.O

1.0

10.5

31.1

I
24

36

ca,l

0

74

32

37

47

The evaporation period of t hour yielded erratic results. For the remarkably

high rrcovery data of the lower concentrotious no explanation can be offered' This

time interval was not euitable for standardisation.

The two other evaporation periods, however, 88ve coherent results.

After 16-19 hours slightly more toxicsnt eecaped from the containers than

after 2 hours. The lower the original deposit w88 tbe more insecticide escaped and

the higher was the sublimation index.
A number of insectisidee were tested under the condition of 16-19 hours eva-

poration period, because the totat recovery after that time w&s rather uniform for
the three tested deposit ranges. The influence of temperature was measured at the 20'c
and 45,C level. The original dosages in ml / plate refer to the formulatioos of the

inaecticides.
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Table 7. Effect of volatilization on the toxicity of the deposit

Insecticide

1. Thiodan 35lEC

2. Perfekthion 40ZEC

3. Dipterex 801I VP

4. Diazinon 20ZEC

5. Nexion 40ZEC

d. L€bayc:d 50ZEC

7. DDVP soZEC

8. MalathioD 952

techn.

Recovery in I
primary secondary

deposit doposit

Original
deposit

ml/plate

1 .9x10-4

1.9x10-4

1.9x10-l

1 9x10-3

1.Sx10-5

A t

C

Los s

7

45

20

45

20

45

zo

45

20

45

20

45

20

45

20

45

20

61

84

40

45

46

60

6

50

33

43

65

76

0.3

50

70

76

74

16

I
16

13

I
4

72

5

4

2

1

005

7

74

15

25

0

51

3S

47

31

90

38

a2

53

33

24

99

49

16

I

Unfortunately, different doeages of the varioue insecticides had to be tested.
Since the total recovery data do not differ greatly over the coocentratioo range of
10-3 to 10-5, they can be compared for the insecticides within one tsmpelatur€ range.
However, the sublimatiotr index is greatly influenced by the dosage.

It wae planned to test all insecticidee at the dosage level of 10-4 ml,/plato.
For different reaaons lhe doees had to be chaoged. DDVP is so volatile that at that
doeage no secondary deposit could be recovered

Of Lindane 20 EC nothing could be recovered st 4S.C and at ZO.C, the sublima_
tion index wa8 37.5. On the other haud DDT 25 Z EC yielded no secondary deposit
at aD original depoeit of 9.5x10-3 muplate.

The influence of temperature on the evaporation of various insecticides ia
indicated by the recovery data. DDVP, Diazinon , Perlekthion and Dipterex escaped
significantly more from the test container at 45.C than at 2O.C ( t-test ) ; the higher
loss et 45.C of the othsr insecticides w&8 not significant (table Z).

Malathion, Thiodan were more persistant thaa Lebaycid and Diptorex; they
w€re followed by perfekthion, Nexiou and Diazinon; DDVP wae by far the least persi8-
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1.9x1,F4

1.9x10-4

1.9x10-3

Subli-
mstio!
lndex

23.O

1S.0

35.5

226

28.5

15.0

58.3

24.0

15.1

10.0

25.1

16.0

2.4

20.o

ts.7



tant ineecticide of all, Ou the other hand Diazinou aDd Perfekthion have a much bet-

better sublimstioD capacity lhan Dipterex, Thiodan and Nexion.

The volatility problem has to bo taken care of by strict standardisation of
the bioassay procedure. Incidentally, these findings on volatility and sublimation are

also valuable for understanding of the ineecticide behaviour in the field.

8. lnfluence ol deposit surloce on toricity

The kind of deposit surface aud the exposure temperature have been found

to be of importaDce. Nexion ao EC deposits wer€ tested on surfaces of plsstic sheet

and glass at 20 and 45.C. The original deposit was in the range of 2 l/ha field dosage.

The depoaits degraded much faster on glass than on plastic sheets. After thres

days the glass surface exhibited almost no toxicity at tho 45.C level end only 181 of
the original deposit waa found at tho 20.C level. The toxicity of tho deposits on

plastic sheet did not change much for the first 6 days, on the 8th day th€ toxicity
had increaged about 502. From theD on it decreased gradually to about 2O7, @O,C)

and 5l (45.C) of the original deposil on the 20th day.

9. Srmmory.

In bioassaying dry film residues one encounlers a number of factors which

affect the lesponss psttern of the test insect and the behaviour of the depo8it. For

the sake of accuracy and reproducibility of the biotest method the significance of
these lactors have to be understood and the method has to be staudardized sccotdingly.

The reariog conditione of the tost insect have to be controlled in order to obtain

populations of highest possible degree of homogeneity. Despite all efforts the response

pattern will always vary to a certoio extent. The higher the coacentratioD of tho

toxicant, the smaller is the variation in response. The bigh variability of reaction from

day to day requires a standard series for eacb test. Since the sensitivity at low coo-
centrations is sometimes below the accuracy r€quirem€nts otber lactors of the biotest
procedure must be improved, e.g. chooaing of the more susceptible sex, lowering the

volatilization loss, adding of oil to the toxicant, introducing a clean-up step in residue

analysis to account for the masking effect of the extractives.

Drosophila is very efficient and versatile in aesaying a large number of itrsec-

ticides over the conceDtration range of micro - and macroassay. There was no gexual

difference in the response patterD towards 15 of the 20 teeted insecticides. Malee werg

mor6 susceptible to three aud lees susceptible to two of tha 20 insecticides.

A goon as ths toxicant solution is poured into the petri dish a number of
phyeico-chemical processes Btart. First the solvent ovaporates accompauied by a small

Iraction of toxicant. The higher volatile the insecticide compound i8 , the mors of it
leavee the petri dieh. With the very volatile compounde, contamination of adiacent

dishes might occur during the drying period.
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The flies in the petri dishes are submitted to contact as well as lo fumigant
poisoning. They pick up toxicant particles from the dry deposit and at the same time
they receive a secondary deposit on their whole body. Due to volatilization, part of tho
gaseous loxicant sublimates oD all parts of the container and on tho insect. The
redeposited toxicsnt on the wall of the contaiEsr enhances the toxic effectiveness.
Thue, it makes no difference whether the insecticide is deposited evenly over the
whole surface of the coD.tsitrer or only over a part of it. More important for the bioas-
say procedure in the fact that part of the volatilized frsction of the deposit escape€-
from the container. rr*evertheless the contsiners cau be stored for a certain time-viithout
significant loss. lf thie process impaires the sensitivity of the method, the volatilization
has to be minimized. The aging period of deposits must be kept to a minimum and hae
to be equal for both the samples and the standard series. The same applies to the
volatialization period; it should be as short as possible iD order not to loose much toxi-
caDt. othor propertieg of highly volatile insecticides can be utilized to the same effect,
for inetance the adsorption on and chromatogrphic separation by filter paper (10).

Temperature also influences lhe toxicological behsviour of the deposit. And
depoeit surfaces are Dot iuterchangable in one and tho BaEe test serios as seemed
advantageous for a certain experimental design.

Applying strict standardieation to the bioassay procedure ths method yielded
fair results in residue analyeis as Decovery data ehowed. Detremination of rosidues of
Malathion, Nexion and DDVP on cucumber and melon are beiug carried out. The safe
intervel between spraying and harvest will be eetabliahed for theae endangered food
items becauee they are sprayed and harvestgd contiEuously,
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