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US. ARMY ENVIRONMENTAL HYGIENE AGENCY
ABZIRDEEMN PROVING GROUND MARYLAND 21010-6422
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ATTENTION OF
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USAEHA TECHNI CAL GUI DE No. 189

PROCEDURES FOR THE DI AGNOSTI C DOSE
RESI STANCE TEST KITS FOR MOSQUI TCES, BQODY LI CE,
AND BEETLE PESTS OF STORED PRODUCTS

Chapter 1
| ntroducti on

1-1. Purpose

a. This technical guide (TG provides guidance to
ent onol ogi sts and to preventive medi ci ne specialists working
under the supervision of an entonol ogi st on using the diagnostic
dose resistance test kits for several nedically inportant insect
pests. These test kits may be used for rapid resistance testing
In the field for the follow ng--

(1) Adult and larval nosquitoes.

(2) Body lice.

(3) Beetle pests of stored products.
b. This TG al so provi des gui dance in--

_ ﬁl)_Deternining the need for resistance testing of
nmedically inportant insect pests.

_ (2) Using test results to nake decisions regardi ng changi ng
I nsecti ci des.

_ (3) Obtaining test kits fromthe U S. Arny Environnental
Hygi ene Agency (USAEHA).

_ (4) Using personal protective neasures when conducting
di agnostic dose resistance testing.

(5) Using insecticide-treated papers and test solution
concentr at es.

Nationally Recognized as the Center Of  Marrixed Occupational and Environmental Health Excellence
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(6) Reducing control nortality.

(7) Recording diagnostic dose test results.

(8) Collecting .test speci nens.

1-2. Expl anati on of Abbreviations and Terns

Abbrevi ati ons and special terms are explained in the glossary.

| -3. Ref er ences

References are listed in appendix A

1-4. Backgr ound

a. In nilitary operations, the control of medically inportant
i nsect pests (such as nosquitoes, body Iice, and beetle pests of
stored products) is essential in preventing disease and the | oss
of food. The use of effective insecticides will maxim ze the
control success for these insects and wll mnimze the cost,
resources, and risks involved in the application of the
insecticides. The ability of certain Insects to devel op
resistance to insecticides has greatly reduced the effectiveness
of many insect control progranms worldw de.

b. The Wrld Health Organization (WHO has devel oped field
resi stance testing techni ques using the diagnostic dose test
method. This test nethod involves establishing a specific
insecticide dosage that will kill all specinmens of a susceptible
popul ation. \Wen testing a field population against this
specific dose, the presence of survivors indicates resistance.

c. This TGis a nodification of the WHO s protocols on their
di agnostic dose test kits for nosquitoes and body |ice. The test
kit for beetle pests of stored products uses a diagnostic dose
test kit that was devel oped by the Food and Agriculture
Organi zation of the United Nations. The protocols for beetle
pests of stored products in this guide were provided by the U S.
Departnent of Agriculture, Stored-Product Insects Research and
Devel opnent Laboratory, Savannah, Georgi a.

1-2
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d. Al diagnostic dose resistance test kits and insecticide
standards described in this TG are available to U S. Depart nent
of Defense conmponents. These can be obtai ned from Conmander,
USAEHA, ATTN.  HSHB- MR-E, Aberdeen Proving G ound, Maryl and
21010- 5422. (See para |-6.)

1-5. Determning the Need for Resistance Testing

Many instances of nedically inportant insects' resistance to

i nsecticides have been docunented around the worl d.

(See wHO/VBC/81.806.) Therefore, insecticide control prograns
shoul d consider the possibility of resistance. To determne the
need for resistance testing, consider the follow ng--

a. Characteristics of past insecticide control prograns.
~ (1) Frequency of insecticide application. Mre
applications per insect pest generation will increase the
sel ection pressure.

(2) Percentage of insect population treated. Treating a
hi gh percentage of the insect population will result in fewer
susceptible individuals. The presence of fewer susceptible
individuals will cause the resistant individuals to domnate the
popul ation nore quickly.

(3) Types of insecticides. A nore persistent insecticide
produces a greater selection pressure. Consider the potential

for the devel opment of cross-resistance between previously used
i nsecticides and those that have not yet been used.

b. Insect pest's binomcs. The greater any of these are then
the possibility of resistance devel opnent increases.

(1) Cenerations per year.
(2) Nunmber of offspring.
(3) Exposed life stages.

(4) Proportion of the popul ation exposed.

(5) Percentage of the insects' |jfe that they are exposed.

1-3




USAEHA TG No. 189 August 1992

c. Agricultural insecticides. Mny insect field populations
are exposed directly to agricultural insecticide sprays and
indirectly to runoff. For exanple, riceland nosquitoes are
exposed directly because they i1nhabit agricultural areas. In
anot her exanple, body lice have devel oped resistance to
mal at hi on, sinply because agricul tural workers were contam nated
with the nmalathion they were using to treat coffee trees.

1-6. Technical Assistance
(btain program support from the foll ow ng--

a.  Commander, USAEHA, ATTN.  HSHB- MR- E/ Pest Resi st ance
Coor di nat or, Aberdeen Proving Gound, Maryland 21010-5422, DSN
584- 3613, conmmercial (410) 671-3613; 24-hour answering machi ne
(410) 671-3773; or facsimle to DSN 584-2037 or conmmerci al
(410) 671-2037. USAEHA can provide the foll ow ng--

(1) Test Kkits.

(2) Diagnostic dose test report forns.

(3) I nsecticide standards.

(4) Resistance test data on arthropod disease vectors
wor | dwi de.

(5) Test result interpretations.

b. Arnmed Forces Pest Managenent Board, Defense Pest
Managenent Information Analysis Center, Forest @ en Section
Valter Reed Arny Medical Center, Washington, pcC 20307-5001, DSN
291-5366, comercial (202) 472-5365. The Arnmed Forces Pest
Managenent Board can provide resistance test data on arthropod

di sease vectors worl dw de.

c. Wrld Health Organization (WHO, D vision of Vector
Bi ol ogy and Control, 1211 CGeneva, 27-Switzerland, Country Code
22, Exchange 791-2111, Telex: 27821, or OVB Facsinmile 910746.
Resi stance test kits can be purchased fromthe WHO
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Chapter 2
Di agnostic Dose Testing

2-1. Concept

a. The diagnostic dose for insecticides is determned by
exposi ng susceptible insects to a series of insecticide
concentrations. The lethal dose to kill 99.9 percent of the test
popul ati on (LDgy.¢) should be determned. The diagnostic dose
shoul d be twi ce the LDgg.s.

b. Diagnostic dose testing is an abbreviated and sinplified
resistance test. By conparison, tests to definitively define
resi stance would entail determning concurrently the LbDsy, and LDy,
of the test population and of a known suscepti bl e popul ation.

c. These definitive test procedures are time-consum ng and
| abor intensive. They require a well-equipped | aboratory and a
known susceptible strain of the insect pests. (bviously, these
requi rements are beyond the resources and capabilities of many
smal | | aboratories or nobile mlitary units. Diagnostic dose
testing is useful in providing resistance information where tine
and resources are limted.

d. ldeally, diagnostic doses should be determ ned before
exposing the target insect pest population to insecticides.
Then, through regular nonitoring, the devel opment of resistance
can be readily traceable as a greater percentage of the insect
pest popul ation survives the diagnostic dose of the insecticide.

e. In reality, testing an insect pest population before it
has been exposed to insecticides has rarely been done. Therefore,
di agnostic doses of certain insecticides have been determ ned by
using susceptible |aboratory insect strains. The diagnostic
doses of insecticides have been determned for relatively few
insects and insecticides of interest to the U S. Armed Forces.
Tables 3-1 through 3-4 contain the determ ned diagnostic doses of
insecticides for several insect pests.

f. The provided test kits are not limted only to the species
and insecticide conbinations for which there are determ ned
di agnostic doses. USAEHA has access to WHO s dat abase which
contains the results of diagnostic dose testing conpl eted since
the 1960s. This database contains 16,199 test results on 159
speci es and 40 insecticides, for a total of approximtely 640
uni que species and insecticide conbinations. " This database, as

2-1
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wel | as the published literature, can be used to interpret the
test results for species and insecticide conbinations that do not
have a determ ned diagnostic dose.

~g. Contact usaesa for any information regarding a species and
I nsecticide conbination not specifically nmentioned in this guide.

(See para |-6.)

2-2. Using Test Results for Decision Mking

a. A high Percentage of survivors indicates resistance. A
smal | nunber of survivors may occasionally appear by chance. This
Is especially true in the adult nosquito test kit where adults
that stay on the untreated ends of the test tube do not cone in
contact with the insecticide. However, if survivors consistently
appear in the testing, then resistance is indicated. Deliberaf
and consi stent avoi dance of the insecticide-treated papers cou 8
I ndi cate behavior resistance.

b. Hard and fast guidelines on when to change insecticides
are not available. The best data available to answer this
question was work done on DDT resistance in nosquitoes.

(See Bulletin of the WHO, 49:  475-483.) This work found that if
more than 20 percent of the popul ation 'survived the diagnostic
dose of insecticide, then resistance was present at a |level that
affected control.

c. Based on the available information, seriously consider
changi ng insecticides when 20 percent or nore of the insect pest
popul ation survive the diagnostic dose testing. (Consider these
factors when deciding to change insecticides--

(1) The epideniology of the disease. Less t han perfect
control may effectively break or significantly reduce Phe di sease

transm ssion cycle. Therefore, a given jnsecticjde may be
effective in reducing di sease even'though nore than 20" percent of
t he popul ation survived exposure to the insecticide.

~ (2) Alternative insecticides. The characteristics and
| ogi stical considerations of alternative insecticides wll

i nfluence the decision to change insecticides. Exanples of these
characteristics and considerations are as foll ows--

(a) Cost. Do you have funds available to procure and
apply sufficient quantities of the replacenent chemcal if it is

more expensive, which it probably will be? An jnsecticide with a
| ow | evel of resistance may be nore effective when applied

2-2
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thoroughly at the highest rate allowed, than an insecticide with
no indication of resistance that is applied at too low a rate and
on too small an area. Alternatively, if a threat of a serious

di sease exists, then cost may be relatively uninportant, and it
woul d be prudent to use a proven insecticide to which there was
no indication' of resistance, even if it was nore expensive

(b) Availability. Do you have the ability to procure
and apply the material in a tinely fashion?

_ (c) Conpatibility. Can the existing application
equi pnent apply the insecticide?

(d) Longevity. Do you have the ability to inplenent
more frequent treatnment reginmes if the insecticide has a shorter
residual life?

d. If resistance is being nonitored over the years in an

ongoi ng insecticide control program seriously consider the
appearance of regular survivors in the diagnostic dose test, even
if less than 20 percent. This is a warning that resistance is

developing to that insecticide. \Wile the |evel of resjstance
may still be so low that control is not reduced, reexam ne the

i nsecticide control program and seek and inpl enent ways to reduce
the continued devel opnent of resistance.

2-3
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Chapter 3
Di agnostic Dose Test Procedures to Determ ne Resistance to
I nsectici des

Section |
General Procedures

3-1. Equi prent

a. Test kits may be borrowed from Commander, USAEHA
ATTN. HSHB-MR-E/Pest Resistance Coordi nator, Aberdeen Proving
G ound, Maryland 21010-5422, DSN 584-3613, conmerci al
(410) 671-3613 or facsimle (410) 671-2037. Wen requesting
kits, indicate what insect pest species will be tested and what
insecticides will be used. Wen the diagnostic dose testing has
been conpleted, return the test kits to USAEHA.

b. Test kits include all equi pnment necessary to performthe
test. The only collecting equipnent provided is a nouth
aspirator and tweezers; however, other collecting equipnent may
be requested.

3-2. Personal Protective Masures

a. Wiile the concentration of insecticide on the treated
papers is low, always wear protective gloves when handling these
papers. Do not store the insecticide-treated papers wth
foodstuffs or nedical supplies.

b. Use care when collecting and handling insect pest
speci nens, since the¥ may be carrying disease. The nost _
inportant |ine of defense is to always wear protective clothing
that covers as much of the body as possi bl e.

c. Carefully weigh the use of any insect repellents. If
col | ecting equi pnment beconmes contam nated with insecticide from
the hands or clothing, catching a sufficient nunber of insect
pests may be inpossible. If an insecticide, such as pernethrin
Is used, nortality and invalidation of the test nay be caused.

3-1
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3-3. I nsecticide-Treated Papers and Sol utions

a. Treated papers are identified with the insecticide and the
concentration of the insecticide solution. The concentration of
the insecticide solution is identified by mlligramof active
ingredient per milliliter of solution (mg/mL). The insecticide
and dose are found on the papers and the foil wap. Al papers
are treated at the rate of 2.75 mL of the insecticide solution
per 180 centinmeters squared (cm?). The correlation between WHO
and USAEHA manufactured/| abel ed papers is as follows. A WHO 1
percent paper would be equivalent to a--

(1) 2.57 mg/mL USAEHA paper for organophosphat es.
(2) 2.78 mg/mL USAEHA paper for organochl orines.
(3) 2.42 mg/mL USAEHA paper for pyrethroids.

b. The treated papers should be used prior to the expiration
date. A treated paper may be used up to 20 times if it Is used
within 3 weeks upon renoval from the package. After using the
papers, return themto the package, and then place the package in
a cool dry place, if possible. Do not refrigerate at
tenperatures bel ow 9° centigrade (C) or 48° fahrenheit (F),
because crystallization of propoxur may occur.

c. Insecticide solutions are provided with the diagnostic
dose test kits for nosquito larva. Inmediately after using
Insecticide solutions, tightly close the contaliners to prevent
evaporation of the solvent. Evaporation would cause an increase
in the concentration of the insecticide.

3-4. Reducing Control Mortality

a. M ninizin? trauma to the insects during collection,
handl i ng, and holding of test specinmens is inportant.

(1) Test insects as soon as possible after collection
Performtests in areas that are--

(a) Free of insecticidal contam nation
(b) Sheltered fromthe wind and sun.
(2) Provide food and water when and where appropriate, such
as placing an apple slice in the nosquito hol di ng cage.

3-2
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(3) Protect insects fromdirect sun or excessive
t enper at ur es. [f the humdity is low, increase it by adding wet
paper towels or sponges to the holding area. The tenperature and
relative humdity of the testing environment should be recorded
at different intervals throughout the testing period. Extrenes
in these readings can affect test results.

(4) Transfer insects as gently as possible to reduce
physi cal damage.

b. Ensuring that mortalityis attributable to the insecticide
exposure and not other causes can be one of the nost difficult
aspects of conducting resistance tests on speci nens caught in the
field. The nortality of the untreated control insect pests wll
indicate if death was due to other causes.

3-5. Recordi ng Diagnostic Dose Test Results

a. The diagnostic dose resistance test kits are designed to
be read and interpreted at a given endpoint, generally 6 or 24
hours. However, recording nortality at various convenient
intervals throughout the test can be very informative and useful.

b. Consider the follow ng thotheticaI scenario:  The treated
insects all die in the first 2 hours. The control insects start
dying at 12 hours and reach 70 percent nortality at 24 hours. |f
the test could not be repeated because of tine and resources and
the 24-hour nortality was the only tinme the test had been read,

t hen concl usi ons about the popul ation's susceptibility could not
be drawn because of the high control nortality. However. the
earlier nortality readings (treated and control insectsL’suggest
that the population is susceptible; therefore, having the earlier
readi ngs provi des sone basis for action if a decision was
required 1 nmediately.

c. For testing controls, agHa Form 315-1-R (Diagnostic Dose
Test Report Continuation Sheet) can be used to record the test

results.  For reproduction purposes, a blank copy of
AEHA Form 315-1-R is | ocated in' the back of this TG  The top of
the sheet should be identified as follows: control Testing.

3-3
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d. AEHA Form 315-R (Diagnostic Dose Test Report) can be used
to record the results for all provided tests. For reproduction
pur poses, a blank copy of AEHA Form 315-R is located 1n the back
of this TG  Each test kit will contain additional copies of the
forms. A copy of the forns nust be forwarded to USAEHA for
i ncorporation into the resistance database. (See para |-6.) The
follow ng instructions should be followed to report the test
results on AEHA Form 315-R

(1) Test ldentification. Fill in the test identification
with any designator specific to the test. This identification
correlates the first page of the report to continuation sheets.

(2) Page of Pages: Fill in the page of
pages to connect the first page with the continuation
sheet s.

- (3) Insecticide and Dose: Record the name and dosage of
the insecticide tested. For exanple, malathion (14.1 mg/mL).

(4) Date: Record the date the test began

(5) Time insects placed in test container: Record the tine
of day the insects were placed in the testing container.

(6) Tine insects were exposed to insecticide: Record the
time of day that the insects were exposed to the tested
insecticide. For some tests, such as the nosquito larval test,
the time of day will be the sane as when the insects were placed

in the testing container.

(7) Tine insects removed from insecticide: Record the tine
of day that the insects were removed fromthe testing container
to the holding container. This is not applicable to all tests.

(8) Tenperature and Hum dity Readings: Record the
tenperature and humdity readings at four different tines
t hroughout the course of the test.

(9) Collection Site: Identify the geographic |ocation
where the insects were coll ected.

(10) Testing Site: ldentify the facility and/or |ocation
where test was conduct ed.

(11) Investigators: Record nane(s) of the individual (s)
performng the test.

3-4
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_ (12) Colum 1: Record the replicate nunber. Horizonta
lines are not drawn under this colum so that the form can be
adj usted for various tests depending on the nunber of species
that may be present. Decide how many lines per replicate you
want and drawa horizontal |ine across the page.

_ (13) Colum 2: ldentify the species of insect by using the
scientific name.

(14) Colum 3: Record the nunber of insects that were dead
(probably due to handling) after the |-hour holding period. Not
applicable to all tests.

~ (15) Colum 4: Estimate the nunber of individuals for each
species that are in each replicate. This estimation is optional

. (16) Colums 5 and 6: Record the tine of day for each
internedi ate reading and the nunber of alive or dead insects at
each reading. Be sure to scratch out dead or alive as
appropriate. The formis set up this way because when few
insects are dead it is easier to count the dead individuals, gpq
when nmany insects are dead it is easier to count the alive

i ndi vi dual s.

. (17) Colums 7 and 8: Record the time of day for the final
readi ng and the nunber of dead and alive insects.

18) Colum 9: Calculate the corrected nortality for
damaged insects by subtracting the nunber of dead insects in
colum 3 or (A) fromthe final nunber dead in colum 7 or (B)

Record this calculation

(19) Colum 10:  Count the total number of insects, alive
and dead, in a given replicate.

_ (20) Col um 11: Cal cul ate the correction for damaged
I nsects bY subtracting the nunber of dead insects after fthe

| -hour holding period in colum 3 or (A) fromthe total nunber of
|qsects ina given replicate in colum 10 or (D). Record this
val ue.

- (21) Colum 12: Calculate the percentage of dead insects
by dividing the corrected nortality in colum™9 or (C) by the
correction for damaged insects in colum 11 or (E). Record this
Valgelaf a pe&pentage. ﬁon Hpose tests where the |-hour
nortality-readings are not taken, ' '
sanme as ¥he nunﬁ%r dead at the finépergga{ﬁafegnHD{EQI{% als the
corrected for damaged insects is the sane as the exact total
nunber of insects, alive and dead, in a given replicate.

3-5
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3-6. Adjusting for Control Mortality

a. |If the control nortality rate anong the control insects is
between 5 and 20 percent, then adj ust the percent nortality of
the treated insects by using Abbott's fornula. (See fig 3-1.)
Insert the percent test dose nortality and the percent control
nortality as calculated on AEHA Form 315-R into the fornula. The
nunber that is generated is the adjusted percent nortality that
shoul d be recorded. This value is used to nake deci sions
regardi ng changi ng insecticides.

Per cent Per cent
test dose - control
_ nortality nortality
Adj ust ed
per cent = X 100
nortality

100 - Percent control nortality
Figure 3-1. Abbott's Forrmula for Adjusting Control Mortality

b. For exanple, if the treated replicates had an average test
dose nortality of 78 percent and the control nortality in the
control replicates averaged 14 percent, then calcul ate the
adjusted percent nortality as foll ows:

78 - 14
Adj oet edl peycent = 100 - 14 X 100 = 74.4 percent

In this exanple, nore than 20 percent (25.6 percent) of the
popul ation survived the diagnostic dose. Therefore, seriously
consider using another insecticide. (See para 2-2.)

~c. |If the control nortality is below 5 percent, no adjustnent
i'S necessary.

d. Tests with control nortality rates above 20 percent are
unsati sfactory but should be recorded. FExanine the causes of the
control nortality rates and take steps to reduce them |f tine
does not permt repeating the test, then the internediate
readi ngs may provide a clue as to the status of the popul ation.
(See para 3-5.)

3-6
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Section 11
Adult Mbsquitoes

3-7. Collection of Test Specinens

~a. Sixty to one hundred test specinens are needed for each
insecticide tested, plus an additional sixty to one hundred
speci nens are needed for the control tubes.

b. Femal e speci mens can be aspirated from houses and bait or
resting stations. Conventional |ight traps can also be used to
col lect the test specinmens; however, conventional light traps nay
cause too much damage to the insects as they pass through the fan
bl ades. Light traps can be nodified to blow the insects into the
cgllecting ag wi thout passing through the fan blades. To nodify
the trap, - -

(1) Turn the fan and notor upside down.

- (2) Reverse the fan direction to bl ow downward by reversing
positive and negative | eads.

(3) Cut holes in the trap body below the fan. This will
allow the insects to fall into the collecting bag as they enter
the trap. (See Sandoski, c. A et al., 1983.)

c. Modified |ight traps can be obtained from USAEHA.
(See paral-6.) \Wile these traps do reduce stress on the
Insects, their drawback is that collection efficiency is not as
great.

d. The diagnostic doses of insecticides for nosquitoes were
determ ned by using femal es that had not had a bl ood neal.
Table 3-1 presents the diagnostic doses of several insecticides
used on adult rmosquitoes. Field collections may contain blood-
fed females; if these are used, remenber that they may be nore
tolerant of the dose. However, the increase in tolerance would
account for no nore than a small percentage of survivors (less
than 5 percent). An advantage to using blood-fed females is that
there is less of a control nortality rate.
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Table 3-1
D agnostic Doses of Insecticide for Adult Msquitoes

Exposure tine in hours for
Treat ed Paper

I nsectici de Dosage Cul ex Aedes
mg /mL Anophelines qui hquef asci at us aeaypti
Mal at hi on 12. 85 1 1 _
Pr opoxur 0. 257 1 2 _
Chl orpyrifos 6.1° _ _ 1
Feni trot hi on 2.57 2 2 _
Pernet hrin 0. 605 1 3° _
Resmet hrin 5.45%2 _ 1

2 Tentative diagnostic dose.

P Lay exposure tube horizontally.

e. If collecting a sufficient nunber of adults is difficult,
consider collecting larvae and rearing them to adul thood. |f
this is done, collect larvae froma variety of sources so that a

representative gene pool is collected.

3-8. Test Kit

The adult nosquito diagnostic dose resistance test kit for one
i nsecticide contains--

a. Four control tube sets and four treated tube sets.
Request additional tube sets if planning to test nore than one
i nsecticide concurrently. (See para | -6.) A tube set consists
of - -
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v (1) One green-dot tube for holding the insects and one red-
dot tube for exposing the insects to the control or insecticide-
treated papers.
(2) One-slider.
(3) Two end caps.
b. Unl abel ed and untreated paper
c. Paper that is |abeled control
d. Paper that is labeled with the insecticide and dose.
e. Vinyl gloves.
f. Silver rings.
g. Copper rings.

h. A rmouth aspirator.

3-9. Test Conditions

Test tenperatures should not exceed 32° C (90° F) or fall bel ow
16° C(e61°F) . Hgh humdity will increase the survival of the
control specinmens; 80 to 90 percent relative humdity is optimm

3-10. Test Procedures

~a Insert a piece of clean, unlabeled, and untreated paper
into each of the plastic tubes. Roll this paper into a cylinder
shape before inserting.

b. Wile wearing vinyl gloves, insert a paper |abeled
"control™ into each of the red-dot tubes (control exposure tubes)
of the control tube sets, and then insert a silver ring into the
tube to press the paper against the tube. The control paper will
bellabeled control and will have been treated with carrier oi
only.

c. Insert a paper |abeled with the insecticide and dose into
each of the red-dot tubes (treated insecticide exposure tubes) of
the treated tube sets, and then insert a copper ring into the
.tube to press the paper against the tube.
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d. Connect the green-dot tube (holding tube) to the slider.

e. Once the nosquitoes have been collected and the tubes
assenbl ed, begin the testing by performng these steps--

(1) Introduce, wth a mouth aspirator, 15 to 25 nosquitoes
to each green-dot tube (holding tube). The control nortality
rate will increase because of overcrowding if nore than 25
nosqui t oes per tube are used.

~(2) Set the green-dot tubes (holding tubes) in an upright
position with the screen end up for 1 hour. Note and record any
damaged or noribund nosquitoes on AEHA Form 315-R

(3) Attach a red-dot tube (exposure tube) to the slider.
Open the slide and gently bl ow the nosquitoes i1nto the red-dot
tube (exposure tube). This procedure is easier when the open end
of the red-dot tube is held up to the light. Jose the slide;
detach the green-dot tube (holding tube) and set aside.

_ (4) Allow the red-dot tube (exposure tube) to stand
upright, screen end up, for the entire exposure tine specified in
Table 3-1. Wen testing Cul ex uui nouefasci atus agai nst
pernethrin insecticide, |ay the red-dot tube (exposure tube) on
Its side during the specified exposure tinme so that when the
nosqui t oes are knocked down they will remain in contact with the

I nsecticide-treated paper.

~(5) Transfer the nosquitoes back to the green-dot tube
(hol ding tube) by reversing step (3) above. If any nosquitoes
have been knocked down during the exposure period, hold the
red-dot tube (exposure tube) horizontally and tap it softly to
renove the insects fromthe slide before withdrawi ng the slider.
Set the green-dot tube (holding tube) upright so that it stands
on the slide. Place a pad of npist cotton or sliced apple on the
screen.

(6) Maintain the green-dot tube (holding tube) for 24 hours
after exposure. Since control nortality is often a problemin
the adult mpsquito test, aEHA Form 315-R includes two additi onal
colums for recording nortality at various intervals prior to the

24-hour readi ng. See para 3-5. Record the tenperature and
relative hunié?ty ét di?ferent gntervals througtht the 24-hour

period.
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(7) Make the final nortality counts 24 hours after the
i nsects have been placed in the green-dot tube (holding tube).
count those specinens that are unable to stand or wal k as dead.
1f all specinens are of the sanme species, then nmake the final
nortality count in the green-dot tube (holding tube).

(8) If nmore than one species is involved, then separate the
dead specinens fromthe live specinens for identification by--

(a) Holding the green-dot tube (holding tube) vertically
with the screen end up.

(b) Gently noving the slide so that the small hole is
under the green-dot tube (holding tube).

_ (c) Tapping the tube lightly so that the dead nosquitoes
fall into a collecting container. Take care to prevent the
escape of |ive nosquitoes.

(9) Kill the live specinmens by exposing themto either heat
or cold, and then renove them for identification.

(10) Record the test results and adjust for control
nortality per paragraphs 3-5 and 3-6.

Section |11
Larval Mosquitoes

3-11. Collection of Test Specinens

a. Between 80 and 100 third and early fourth instar nosquito
| arvae of the same species are needed for testing one
insecticide. An additional 80 to 100 |arvae are needed for
controls. Collect the larvae from various sources to ensure
genetic diversity.

b. To ensure pesticide ingestion, proper deternination of the
instars IS inportant because pesticide exposure nust coincide

with larval feeding periods. Late fourth instars should not be
used since they stop feeding prior to pupation.

f IF' Some generalizations regarding instar identification
ol | ow -

(1) The size of the head capsule is the best indicator of

‘instar nunber.  The body of the larva will enlarge within a given
instar, but the size of the head capsul e remains constant.
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(2) The setae increase in nunber and size as the |arvae
mature and are nore pronounced in the late fourth instar stage.

~d.  Carefully collect larvae and retain in the same water in
which they were collected until selected for testing. The
follow ng factors can cause stress that may affect the test
results--

(1) Crowding.
(2) Depletion of natural food supply.
(3) Change in water tenperature.

The longer the larvae are held prior to testing, the greater
these effects can becone.

3-12. Test Kit

The larval nosquito diagnostic dose resistance test kit
cont ai ns- -

a. Four 237 mL cups for the control test and four 237 mL cups
for each insecticide treated.

b. Four 120 mL cups for the control test and four 120 mL cups
for each insecticide treated.

c. One small, flat screen dipper
d. Fifteen mus of the. insecticide test solution concentrate.

e. One wooden applicator for each insecticide tested and for
the control test.

f. Fifteen mns of al cohol control sol ution.

g. One pipet for each insecticide tested.

3-13. Test Conditions

a. The water used for these tests should be as clean and free
of sedinment as possible. If chlorinated water is used, allow it
to stand in an open container for at least 8 hours to allow the
chlorine to evaporate. Miintain the water tenperature between
20° and 30° C (69° and 86° F).
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b. Certain salt marsh or tree hole species of nosquitoes may
suffer high control nortality rates when they are renoved from
their breeding water and placed in fresh water. Wth these
species, use water fromtheir breeding source if it is free of
I nsecticides and detritus.

3-14. Test Procedures

a. Once the larval nosquitoes have been collected, begin the
testing by performng the follow ng steps--

i (1) Scoop up 20 to 25 larvae with the small, flat screen
i pper-.

(2) Place groups of 20 to 25 [arvae in the four 120 mL cups
for the control replicates and in the four 120 mL cups for each
tested insecticide.

(3) Al 120 mL cups should contain 25 mLs of water.

_ (4) Label the 237 mL cups with the date and treatment
i nf or mat i on.

~(5) Fill each 237 mL cup with 74 mLs of water. An
additional 25 mLs of water will be added with the | arvae.

(6) Add 1 mL of the appropriate insecticide test solution
concentrate to each 237 mL cup, and then stir with a wooden
applicator. Use a new wooden applicator for each different
i nsecticide and concentration. Table 3-2 presents the diagnostic
doses of several insecticides used in the [arval nosquito test.
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Table 3-2 o _
D agnostic Doses of Insecticide for Msquito Larvae

Final ppns for

Test Sol ution Cul ex Aedes
nsectici de Cbncigbzgfe Anophelines quinquefasciatus aeqypti
Mal at hi on 0. 312 3.12
Mal at hi on 0.1 1.0 1.0
Temephos 0. 025 0.25
Temephos 0. 002 0.2 0.2
Chl or pyri fos 0. 0025 0. 025
Chl orpyri fos 0. 001 0.01 0.01
Fent hi on 0. 005 0.05 0.05 0.05
Propoxur 0.3 3.0

NOTE:  To achieve the final ppm of the diagnostic dose, add 1mL
of test solution concentrate to 99 mLs water.

(7) Add 1 mn of the al cohol control solution to each of the
237 mL cups used in the control test, and then stir.

(8) Wthin 15 and 30 mnutes of preparing the test
concentrations, expose the nosquito larvae to the insecticide b
pouring the |arvae and 25 mLg of water into the 237 mL cups. |
the larvae and water are swirled and poured quickly, then the
| awae shoul d not stick to the sides of the 120 mL cup. |f any
do stick to the cup, use a clean wooden applicator to gently
slide theminto the 237 mL cup.

bh. Mke the final nortality counts and species verification
24 hours after the larvae are exposed to the insecticide.
Consi der those |arvae that do not exhibit a normal escape
response when lightly prodded with a wooden applicator as dead.
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c. Repeat the test if nore than 10 percent of the control
| arvae pupate. Since feeding stops prior to pupation, |arvae
t hat have pupated nmay not have ingested enough insecticide.
Therefore, survival may not be .attributed to resistance.

d. Record test results and adjust for control nortality per
paragraphs 3-5 and 3-6.

Section IV
Body Lice

3-15. Coll ection of Test Specinens

a. Collect between 60 and 100 recently fed healthy, adult
body lice (either sex) to test each insecticide. (Collect an
equal nunber for controls.

~b.  Collect body lice fromthe clothing of several

individuals; this will ensure a representative sanple of genetic

diversity. Place specinmens in pill vials (or simlar containers)

inlots of 15 to 20. Use each pill vial as a replicate. Discard
any speci nens danmaged during the collection process.

3-16. Test Conditions

Lice do not survive well away fromthe host; therefore, carefully
collect and handle test specinmens. Fromthe time of collection
and during the test, kee? the specimens in a dark environnent.
Maintain a tenperature of between 25° and 29°C

(77° and 84° F) and a relative humdity of at |east 50 percent.
The higher the humidity, the higher the survival rate.

3-17. Test Kit

The body |ice diagnostic dose resistance test kit contains the
fol I ow ng- -

a. Five control papers.
b. Five insecticide-treated papers.

~c. Five petri dishes for the control test, and five petri
di shes for each insecticide tested.

3-15




USAEHA TG No. 189 August 1992

d. Rubber bands.

e. Five pill vials for the control test, and five pill vials
for each insecticide tested.

3-18. Test Procedures

a. Once the body lice have been collected, begin the testing
by performng the follow ng steps--

(1) Place the control and insecticide-treated papers inside
the larger half of each petri dish. Use four replicates and four
controls for each tested insecticide. Table 3-3 presents the
di agnostic doses of several insecticides used for body |ice.

Tabl e 3-3 o .
D agnosti c Doses of Insecticide for Body Lice

Paper

I nsecticide Dose Exposure time*
mg/mL in hours

Li ndane 0. 449 6

Mal at hi on 6. 137 6

d- Phenot hrin 3.035 6

*Tinme starts when insects are first placed in contact with the
i nsecti ci de.

(2) Place the body lice fromeach replicate onto the
smal l er half of the petri dish

(3) Pour the body lice onto the center of the test paper.

(4) Place the two halves of the petri dishes together and
secure with a rubber band. Maintain the petri dishes in a

hori zontal position throughout the test so that the body lice
W Il remain in constant contact with the insecticide.
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bh. Take the final nortality reading at the end of the
i ndi cated exposure tinme. (See table 3-3.) To determ ne knock-
down or nortality--

(1) Turn the petri dish on its side so that it is
perpendi cul ar to a horizontal surface.

(2) Tap lightly against the horizontal surface.

c. Those body lice that are knocked-down will tunble to the
bottom of the di sh because they cannot cling to the vertical
filter paper. This process requires close observation so that
the follow ng msleading situations can be corrected.

(1) Mating. Cccasionally two lice will be mating and both
wll fall because the fenale can not support both of them on the
vertical filter paper. In falling, the two may also knock down
other specinmens. |f this occurs,--

(a) Return the petri dish to the horizontal plane.

(b) Cbserve the mating pair to see if the female can
wal k. If so, count both as alive

(c) Additionally, observe any dislodged specinmens for
their ability to cling.

(2) GQuing. Sonetimes a dead |ouse will be glued to the
test paper by its excrenent. Upon close observation and a firnmer
Sap, this can be determned. Count these specinens as knocked-

own.

d. Record the test results and adjust for control nortality
per paragraphs 3-5 and 3-6.

Section V
Beetl e Pests of Stored Products
3-19. Col l ection of Test Specinens

a. Preferably, collect adult beetles from each different
commodity or habitat where infestations are detected. Collect
between 80 and 100 adults for each tested insecticide and an
equal nunber for the controls.

b. Use the followi ng nethods to collect beetles--
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(1) Sieving the commodity with an appropriate sized sieve.
(2) Brushing the floor, walls, or the surface of bags.

(3) Aspiration

3-20. Test Conditions
The beetles should be substantially separated fromthe comuodity.

If the test can begin quickly, no nourishnent is needed;
otherwi se use a small anount of the commodity as food.

3-21. Test Kit

The beetle di agnosti c dose resistance test kit contains the
fol | ow ng- -

a.d Five insecticide-treated papers for each insecticide
t est ed.

b. Five untreated papers for the control tests.

c. Five petri dishes for the control tests, and five petri
dishes for each insecticide treated.

d. Two pairs of vinyl gloves.
e. Rubber bands.

f.  Forceps.

3-22. Test Procedures

a. Once the beetles have been collected, begin the testing by
performng the follow ng steps--

(1) Place the appropriate insecticide-treated papers on the
inside of the larger half of a petri dish. Table 3-4 presents
t he di agnostic doses of malathion used for the beetle pests of
stored products test.
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Table 3-4
Mal at hi on Di agnostic Doses for Beetle Pests of Stored Products

_ Paper Dosage Exposure Period in
Speci es mg /L Hour s
Sitoshilus orvzae 1.55 6
S. zeamai s 1.55 6
S. Sranarius 1.55 6
Rhvzopertha dominica 2.58 24
Tri bolium castaneum 0.52 5
I. confusum 0.52 6
Orvzaeshilus surinanensis 1.03 5
Q. mercator 1.03 5

(2) while wearing vinyl gloves, place the control papers
and then the insecticide-treated papers in the petri dishes. e
four replicates and four controls for each insecticide.

_ (3) Place 15 to 20 beetles on each of the control and
I nsecticide-treated papers.

(4) Place the two halves of the petri dish together and
secure with a rubber band.

b. Record the final nortality count at the end of the

required exposure time. (See table 3-4.) Mortality for beetles
is their inability to stand and walk. A gentle push with forceps

is usually sufficient to determ ne whether the insect i1s alive or
dead.

c. Recotd the test results and adjust for control nortality
per paragraphs 3-5 and 3-6.
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Section [
Abbr evi ati ons

C .

centi grade

cmZ

centineters squared

DDT

D chl or adi phenyl tri chl or oet hane

F

f ahrenhei t

LDsgg _

Lethal dose to kill 50 percent of the test popul ation
LDy _

Lethal dose to kill 90 percent of the test population
LDgg g _

Lethal dose to kill 99 9 percent of the test popul ation
mg

mlligram

mL

mililiter

USAEHA _ _

U S. Arny Environnental Hygi ene Agency

VWHO

VWrld Health Organization
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Section ||
Speci al Terns
Behavi or Resi st ance

The ability of insects to avoid insecticides.

Control Mortality

The nortality of the insects in the control replicates, such as
t hose not exposed to the insecticide.

Sel ection Pressure

Forces that favor the propagation of a particular genotype wthin
a species.

d ossary-2
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Ingtructions for Completing the Diagnostic Dose Test Report

Test ID: Fill in the test identification with any designator specific to the test.  This identification correlates the first page of the report to continuation sheets.

Page of Pages: Fill in the page . of - pages to connect the first page with the continuation sheets.

Insecticide and Dose: Record the name and dosage of the insecticide tested. For example, malathion (14.1 mg/mL).
Date: Record the date the test was begun.
Time insects placed in test container: Record the time of day the insects were placed in the testing container.

Time insects were exposed to insecticide: Record the time of day that the insects were exposed to the tested insecticide. For some tests, such as the mosquito larval test, this time will be
the same as when the insects were placed in the testing container.

Time insects removed from insecticide: Record the time of day that the insects were removed from the testing container to the holding container. This is not applicable to all tests.
Temperature and Humidity Readings: Record the temperature and humidity readings at four different times throughout the course of the test.

Collection Site: Identify the geographic location.

Testing Site: ldentify the facility and/or location where test was conducted.

Investigator: Record name(s) of the individual(s) performing the test.

Column 1: Record the replicate number. Horizontal limes are not predrawn under this column so the form can be adjusted for various tests depending on the number of species that may be
present. Decide how many lines per replicate you want and draw a horizontal line across the page.

Column 2: Identify the species of insect by using the scientific name.
Column 3: Record the number of insects which were dead (probably due to handling) after 1 hour holding period. Not applicable to al tests.
Column 4. Egtimate the number of individuas for each species that are in each replicate. This estimation is optional.

Columns 5 and 6: Record the time of day for each intermediate reading and the number of alive or dead insects. Be sure to scratch out dead or alive as appropriate. The form is scl up this
way because when few insects are dead it is most accurate to count the dead individuas, and when many are dead it is most accurate to count the aive individuals.

Columns 7 and 8: Record the time of day for the fina readings and the number of dead and aive insects.
Column 9: Calculate the corrected mortality for damaged insects by subtracting the number of dead insects in column 3 (A) from the firal number dead in column 7 (B). Record this value,
Column 10: Count the total number of insects, aive and dead, in a given replicate.

Column 11. Calculate the correction for damaged insects by subtracting the number of dead insects after the 1 hour holding Period in column 3 (A) from the total number of insects in a
given replicate in column 10 (D). Record this value.

Column 12: Caculate the percentage of dead insects by dividing the corrected mortdity in column 9 (C) by the correction for damaged insects in column 11 (E). Record this value as a
percentage. FOr those tests where the | hour mortality readings are not taken, the corrected mortality is the same as the number dead at the final reading, and the total corrected for
damaged insects is the same as the exact total number of insects, alive and dead, in a given replicate.
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