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EXECUTIVE SUMMARY

During the winter and spring of 1988. Jynamac Corporation. under
contract to USAID. set 0ut to conduct field trials along the Red Sea coast
of Sudan to test for the efficacy against the desert locust Schistocerca
gregoria and the envirom,lental impacts of s~x pesticides: bendiocarb.
carbaryl. chlorpyrifos. fenitrothion. lambda-cyhalothrin. and malathion.

A. FIELD TESTING PROGRAM

The field trials were conducted as follows:

1. Locust Sur'vey: Although repeated locust infestation reports had been
favorable. deployment of ~he efficacy team to potential test sites
reveeled that locust populations adequate for efficacy testing were not
present. Therefore, no effir.acy tests were conducted.

2. $ite ~elect1on: A study site along the Red Sea coast. consisting of

40 i<m2 of Sahelian grassland within the agricultural Tokar Delta. was
selected for the environmental impact trials. The grass Paspalidium
germinatum. ranging from a few centimeters to a full meter (m) in height,
and scattered acacia trees characterized the landscape. In the trials. a
randomized design of twenty-four 100-hectare (ha) plots (including six
controls) was used to determine the effects of the six pesticides on
nontarget species and environmental substrates.

3. Pesticide Application: All materials were applied at
ultra-low-volume (ULV) rates with M1cronair atomizers mounted on an
Agtruck or Antonov sprayplane. Preliminary tests were conducted to assure
that proper droplet size (100 to 150 microns), uniform coverage (narrow
35- to 40-m swaths). accurate metering (onboard computer- and repeated
prespray calibration). and plot integrity (250- to 600-m buffer zones)
were obtained. During each application. two flagging cars and minimum
flying heights (3 to 5 m) were used to obtain precise application of the
pesticides to the test plots. The sprays were conducted during the
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favorable environmental conditions of the early morning. Oil-sensitive
cards and s l1des were used to moni tor spray deposition for coverage and
drift.

4. Envi ronmenta1 Impact Methodo log,,: The envi ronmenta1 impact of the
pesticides was determined by (a) conducting bird transect counts for

mortality and bird captures for cholinesterase inhibition; (b) sampling
for three guilds of nontarget arthropods, i.e., ground-dwelling (pitfall
traps), plant-dwelling (sweep-netting)e and flying (sticky traps); and (c)

collecting soil. grass. and anilTl"l samples for pesticide residu\~

analysi5. Equivalent prespray and postspray sampling periods were used
for an array of samples at -8 days. -5 days, -2 days. +1 day. +4 days, and
+1 days relative to treatment. Three replicate treatment plots and a

companion control plot were designated for each pesticide application.
Each treatment result was adjusted for simultaneous control abundances and
then tested fer postspray versus presnray differences. All collected

samples were kept frozen unt)l analys1s and then compared with apprcpriate

controls from the field and laboratury.

B. ENVIRONMENTAL IMPACT TRIALS

The findings of the environmental impact trials were as follows:

1. Effects on Arthropods

Nontarget arthropod samples were described to taxonomic order and

cataloged for future reference. Five arthropod orders were sufficiently
abundant for adequate analysis: Araneae (spiders), Hemiptera (true bugs),

Coleoptera (beetles), Diptera (flies), and Hymenoptera (bees and lrJasps).

Each pesticide produced s1gn1ficant numerical reductions in at least two
of these orders. The only pesticide that did not show an adverse effect
on the Coleoptera and Diptera (orders containing 77% of known locust

predator and parasite species) was carbaryl. There were no differences in

selectivity among the three chemical classes of pesticides:

o~ganophosphorus. carbamate. and pyrethroid. The most important result of
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the nontarget arthropod sampling was the ra~1d rebound in arthropod
numbers, which occurred after pesticide-induced reductions. This suggests
that arthropod survival was substantial, either outside the 100-ha plots
or in microhabitats within the plots. It appears unlik~ly ~hat these six
pesticides will dt"amatically alter the arthropod fauua in single
small-scale applications.

2. Effects on wildlife

Carcass searches, conducted over a combined area of 24 km2
,

revealed no dead or injur~d vertebrate wildlife. At the same time, normal
behavior was observed among more th~n 5,000 live birds counted during 160

transect runs. Although the variaoi 1ity of the bi rd numbers was reduced
with reph~at10n and simu1ta.neous controls, no instances of reduced bird
activity were discernible from the analysis of transect count~. Only the
moderate brain cholinesterase depression observed in carbaryl-exposed
birds indicates possible adverse effects.

3. Effects and Residues on Vegetation

No phytotoxicity was observed among the col iected material or in
visual surveys of the test plots. Same-day and l-day posttreatment forage
grass' samples contained residues near possibly hazardous levels for all
the pesticides except malathion and carbaryl. Bendiocarb residues in
forage grass remained sUbstantially above concern levels through the
...,-day sample. However, in each case the analysis of soil and forage
grass samples demonstrated that the pesticide residues declined rapidly
and, therefore, should not pose a long-term hazard. A detailed survey of
the vegetation and ecosystem components of the test site did not identify
any especially vulnerable natural habitats that might be exposed during
locust control operations.
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C. CONCLUSIONS AND RECOMMENDATIONS

The conclusions and recommendations are as follows:

1. Following the application of all six pesticides, no dramatic
environmental impacts were seen.

2. The degree of differences among the pestici~es in the impact on

nontarget arthropods was small, but pesticides can be identified
that appear to be less harmful to specific arthropod groups.

3. All the pesticides deqraded rapidly in the environment, but

residue results indicate that the use of chlorpyrifos and
feni trothi on may reQui re restri ct ions on postspray harvesting and
that bendiocarb applications should be limited to areas not used
for agriculture or grazing.

4. Therefore, we conclude that single applications of fenitrothion,

malathion. chlorpyrifos. carbaryl. IQiiibda-cyhalothr'jn, and
possibly bendiocarb can be performed safely in grassland areas
subject to desert locust infestation.

5. However. because our trials used careful application methods and
because we did not treat aquatic or other sens i t i ve haLi tats, we
cannot assess the potential impacts of careless locust control
programs.

6. for this reason, we recommend that future pesticide control
strategies give priority to ensuring that the selected pesticides
are properly applied and that sensitive habitats, such as
wetlands. are carefully avoided.
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PREFACE
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1. INTi<OnUCTION

1.1 BACKGROUND

In 1985 and 1986, the return of normal rains to previously drought­
stricken areas of Africa resulted in an emergence of major infes~ations of

grasshoppers and locusts. In 1986, the -I nfestati on was unusually severe
because it involved the rare appe~rance of r:urnerous grasshopper species

and the four major species of locusts most harmful to African agricultural

product; on. In February 1987, the Afri ca Bureau of the U. S. Agency for

Internati ona1 Dev~1,,>pment (USAID) ; ssued a Strategy Paper that proposed
several activities aimed at containing the initial emergency and

establi shi ng a p.lgram for long-term control and management of the pe!;ts.
In April 1987, USAID issued a Request fot" Proposals (RFP) for a

contractor to develop and execute a scientific program to study the

efficacy and environmental impacts of certain pesticides under
consideration for the control of locusts and grasshoppers in Africa. This

testing program was to b~ part of the USAID effort to provide for "timely,

effi ci ent, and cost effecti ve pest survey and control acti vi ties, that

fully take U.S. environmental concerns and leg~slations into account."
The RFP called f<Jf the testing of eight pesticides on four species of
locusts and the Senegalese grasshopper- to determine the efficacy of the
pest i cides on the target organi sms, t:'l moni tor theh effects on
grasshopper/locust parasites and predators and other beneficial fauna and
flora, and to determine pesticide residues on selected crops and other

environmental substrates.
In response to the RFP, Dynamac Corporati on, as the primary

contractor, and the Consortium for International Crop Protecticn (CICP),

as a subcontractor, submitted the technical proposal IlTesting of
Pesticides Against African Locusts and Grasshoppers." The proposal

indicated that ~ICP would provide entomological and aerial application

technical assistance. and Dynamac, as the primary contractor, would
provide all other personnel and logistical support for completion of the

1-1



project. The contract was award~d 'in May 1987. Plans were ilTlllediate1y
begun. and a test program against the Senegalese grasshopper Oeda1eus
senega1ensis was conducted in Mali between July and October 1987 (Dynamac
Corporat,ion. 1988). In January 1988. a Technical Plan was developed for
the test1 ng of pesti cides against the desert locust Schi stocera gregaria
in the Republic of the Sudan (see Appendix T).

The scientific team operated at a field site in Tokar, Sudan, between
February 23 and April 12. 1988. This report presents the results of the
field test in Sudan. Additional information relating to the known
literature on these pesticides will be included in the final report on
this project. The final report will compare the different field tests and
will provide final recommendations to USAID.

1.2 OBJECTIVE
The testing program was directed at the abundant and wide--ranging

desert locust Schistocera gregaria. The objective of this program was to
perform a scientifically rigorous test. under African field conditions, on
eight pesticides for their efficacy in controlling the locust and for
their impact on nontarget organisms and the environment. To achieve these
two goals, four types of information had to be acquired:

1. Accurate measures of the reduction in locust numbers attributable
to the specific formulation and rate of each pesticide;

2. Data on the adverse effects ~f these pesticides on animals
beneficial to the agricultural ecosystem, e.g., locust
predators/parasites and other arthropods affecting crop
production;

3. Evidence of direct mortality or other acute effects on the full
range of fauna and flora constituting the Sudan€~e grassland
ecosystem; and

1-2
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<.. Determination of residue levels in important environmental
substrates (e.g., soil, water, grasses, prey animals) and field
crops.

This information will enable better assessment of the value of
specific pesticide uses for control of the desert locust.

1.3 PESTICIDE SELECTION
USAID identified the following pesticides as candidates for the

testing program following discussion with the u.s. Environmental
Protection Agency, the Food and Agriculture Organization, and others:

Pesticide

Carb~ryl (Sevin)
Carbosulfan (Marshal, Advantage)
Chlorpyrifos (Dursban, Lorsban)
Lambda-cyha1othrin (Karate)

*Acephate (Orthene}
*Bendiocarb (Ficam)
*Diaz~non (Diazinon)
*Propoxur (Baygon)
Fenitrothion (Sumith10n)
Malathion (Malathion)

Carbamate
Carbamate
Organophosphorus
Pyrethroid
Organophosphorus
Carbamate
Organophosphorus
Carbamate
Organophosphorus
Organophosphorus

*Candidates for two open slo~s.

The following additional pyrethroid pesticides were proposed for
consideration by their manufacturers:

Pesticide

Cyf1uthrin (Baythroid)
A1pha-cypermethrin (FASTAC)
Tra10methrin (Scout/Tralate)

Manufacturer

Mobay
Shell
DuPont

Date

April 7, 1987
May 21, 1987
June 4, 1987

Based on a preliminary review of available information, the general
~haracteristics of each pesticide class are presented below.
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o Carbamates - The carbamates are residual insecticides of moderate
to low mammalian toxicity (toxicity category II). The antidote is
atrt>pine (but not 2-PAM). The LD 50 value (male rat, acute oral)
for bendiocarb is 40 to 156 mg/kg; for carbaryl, 283 mg/kg; and for
propoxur, 95 mg/kg. The dermal LD SO for these compounds is fY'om
500 to 2000 mg/kg (toxicity category III). Carbamates are
generally not oncogenic, but some are suspect teratogens and weak
mutagens. They are rapidly ~xcreted by animals, and thev disappear
from the surface of plants by mechanical attribution, vola­
tilization. and uptake into th~ plant. These compounds do not seem
to be apprec iab ly photodegraded, but tney are degraded by soil
organisms through hydroxylation of both the side-chain and ring

structures. The carbamates are of low toxicity to birds; moderate
toxicity to fish; and high toxicity to honeybees, aquatic
invertebrates, and estuarine organisms.

o Organophosr,~orus Compounds - These pesticides are broact-spe;:;trum
contact insecticides of high to moder~te acute toxicity to
marrmals. The following LD 50 values (male rat, acute oral) have
been determined for those listed above: aceph~te, 866 to 945
mg/kg; ch1orpyrifos. 97 to 270 mg/kg; diazinon, 300 to 400 mg/kg;
fenitrothion, 800 mg/kg; and malathion, 1000 to 1315 mg/kg.
Although some of the most highly toxic pesticides known are organic
phosphates, compounds such as malathion are relatively safe to
use. The organophosphorus compounds are photodegradable, but they
can be 1eached into the soi 1 where they tend to have rather long
half-lives. The organophosphorus compounds are cholinesterase
inhibitors; atropine and 2-PAM (pralidoxime chloride, iodide, or
methanf:sulfonate) are the corrmon antidotes. The effects of this
group of pesticides are so varied that few generalizations are
valid for all member compounds; however, the organophosphorus
compounds tend to show little or no oncogenicity, teratogenicity,
or mutagenicity. Environmental toxicity effects vary, depending
upon the compound. Diazinon, for example, is highly toxic to
wildlife (birds. fish. aquatic invertebrates); applications to golf
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courses have caused serious bird kills. In contrast, aircraft have
upplied melathion over broad areas of the United States to control
imported fruitfly outbreaks with little or no evident environmental
problems (except for damage to automobile paint). Chlorpyrifos, on
the ~thar hand, is highly toxic to wildlife and honeybees.

o Pyrethroids - These compounds are based on "pyrethrum," a naturally
occurring insecticidal complex darived from certain species of
chrysanthemum. Pyrethrum consi sts of pyrethri ns (esters of
pyrethrolone and chrysanthemic acid and pyrethroid acid), cinerins

(esters of cinerolone and chrysanthemic acid and pyrethroid acid),
and jasmolines (jasmoline and chrysanthemic acid and pyrethroid

acid). They are characterized as being r~s1stant to photodegrada­
tion, and they are applied at extremely low active ingredient dose
rates (in the range of 0.05 to 0.3 pounds active ingredient
per acre). Like the Drganophosphorus compounds, the U.S. EPA
class Hi es man~; pyrethr'oid prociucts as Restri cted Use Pesti cides
for some or all uses.

Of the chemicals listed above, six were identified for testing in the
USAID Scope of Work: carbaryl, carbosulfan, chlorpyrifos,
ldmbda-cyhalothrin, fenitrothion, and malathion. Fenitrothion and malathion
were identified as potential test standards because of their widespread use
for grasshopper and locust control in Africa. It was d&emed essential that
chemicals of kno\;n eff1t.:acy under the test conditions be included as a
reference. Four chemicals were identified as candidates for the remaining
two test positions: diazinon, benciiocarb, propoxur, and acephate. Three
additional chemicals nominated by manufacturers did not appear in the USAID
Scope of Work: cyfluthrin, alpha-cypermethrin, and tralomethrin.

A preliminary literature review and evaluation conducted for all
candidate chem1cals provided a basis for designing the field program and for
selecting the eight pesticides to be used in the West Africa testing
program. It is the Africa Bureau Policy "that any AID-financed pesticide
for locust/grasshopper r.ontrol be registered with the EPA and have a
to1erance estab 1i shed for at 1east one food use, or meet the estab1i she:d
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acceptable daily intake and maximum residue levels recommended by
Meeting on Pesticide Residues to the FAa/WHO Codex Committee on
Residues. II The EPA regi stration and Codex status of the
pesticides are presented below:

the Joi nt
Pesticide
candidate

Food Crop Tolerance FAa/WHO Codex
Candidate Pesticide EPA Registration (40 C. F. R. 180) ADI/MRl

~ no

*Carbaryl v v v
Carbosulfan **pending v v

*Ch1orpyrifos v v v
*lambda-cyha10thrin **pending v v
Acephate v v v

*Bendiocarb " v v
*Diazinon v v -I

Propoxur v v v
*Fenitrothion of li v
*Ma1athlon v v
A1pha-cypermethrin v
Cyf1 uthri n **pending ,..

*Tra10methrin v of

*Proposed for West Africa testing program.
**Section 3 application sUbmitted; data under review.

Manufacturers of these products were contacted to determine their
continued interest in the testing program and to identify any logistical
problems that would prohibit availability of their products within the
appropriate timeframe for testing in West Africa. On the basis of product
availability, satisfaction of the Africa Bureau technical criteria, general
balance among the three classes of pesticides to be evaluated, and
consideration of potential environmental imp'lcts and efficacy as determined
by the 1nitia"' literature review, the following compounds were selected for
field testing in West Africa:

P\'":--ethroid

Lambda-cyha10thrin
(Karate)

Tra10methrin
(Scout/Tralate)

Carbamate

Carbaryl
(Sevin)

Bendiocarb
(Ficam)

Test Standard

9rganophos~orus

Ch10rpyrifos
(Dur-sban)

Diazinon
(Diazinon)

Fenitrothion (Sumithion) - organophosphorus
Malathion (Malathion) - organophosphorus
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The five candidate pesticides not selected for field testing in West
Africa (carbosulfan. acephate. propoxur. alpha-cypermethrin~ and cyfluthrin)
were placed on a backup list. Additional information on these chemicals was
requested from EPA and the manufacturers of the compounds. The rationales for

eliminating these pesticides from the West Africa field testing program follow:

o Carbosulfan - This compound does not appear to completely satisfy the
technical criteria. Although Codex Acceptable Daily Intake (ADI) and
proposed temporary Maximum Res i due Limit (MRL) are estab1i shed. EPA

regi strat ion is still pendi ng. The other members of the carbamate

class selected for West Africa. carbaryl and bendiocarb, more fully

satisfy thf: technical criteria because both have established Codex

AOIs/MRLs and both have EPA regi strations: carbaryl also sati sfies
the domestic food crop to1erance criterion. In addition, concern
exists regarding the potential health and environmental toxicity of
the major degradate of carbosu1fan, carbofuran.

o Acephate - This compound was not reconvnended for field testing in
West Africa for the following reasons: (1) there is no documented
record of the manufdcturer's expression of interest in participating
in the field testing program; and (2) conC~tns exist for the
potential health effects of acephate (i.e., the compound is a

suspected human oncogen), and its metabolite methamidophos is highly
toxic to birds.

o Propoxur - Propoxur was not recommended for inc 1us ion in the West
Africa field testing program because no document~d record exists of
the manufacturer's expression of interest in program pari;.icipation.

This chemical has been widely used in Africa for locust control; it
is a good candidate for the East and Southern Africa field testing

programs pending expression of interest by the manufacturer. EPA has

expressed some concern regarding the potential oncogenic activity of

the compound that needs to be addressed pending receipt of additional

information.
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o A1pha-cypermethri n - Thi s compound was not selected because it does
not appear to satisfy the technical criteria (i.e .• no EPA

registration or Codex tolerances). Concern has also been expressed

regarding the mammalian toxicity of the compound. More data were

requested from the manufacturer.

o Cyfluthrin - Cyfluthrin does not satisfy the technical criteria as
cnmpletely as the pyrethroids selected for testing. For example.

tralomethrin has an EPA registration and an established domestic food

crop tolerance. lambda-cyhalothrin. like cyfluthrin, has an EPA

registration pending. but unlike cyfluthrin, also satisfies the Codex
tolerance criterion. lambda-cyhalothrin has also been field tested

in Afr1c~ for locust control. Cyfluthr1n appears to be a good
candidate for the East and Southern Africa field testing programs.

By the time these programs are under way. the compound may·more fully
satisfy the AID technical criteria. e.g., the manufacturer has stated
that pending receipt of domestic registration, an application will be
made fo;" domestic food crop tolerances. The manufacturer has aiso
stated that approval of EPA registration is expected in the next
severa 1 months. The manufacturer of cyfl uthri n wi 11 provide

information to update the status of this candidate for future use.

After completion of the trials in Mali, the information on those
compounds not chosen for the West Africa trials was updated. This review

indicated that the status of these compounds had not changed. i.e., either
they still did not meet the technical criteria (EPA registration or Codex
tolerances) or the manufacturers continued to express no interest in their
inclusion in the testing project. Because of this. and because the desire to
make the East Africa trials as comparable as possible with the West Africa
trials, the same 11st of eight compolJn~s was designated for testing in East
Africa. Shortly before the initiation of the East Africa trials in Sudan. the
manufacturer of tralometh~in indicated its desire to remove the compound from

inclusion in the trials. Oynamac thus proceeded with plans to test the
remaining seven compounds; malathion, fenitrothion. chlorpyrifos, diazinon.

ben6iocarb, carbaryl, and lamb~a-cyhalothrin. (Diazinon was subsequently
eliminated during the test phase when test stock failed to arrive at the field
site. )
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1.4 PROJECT CHRONOLOGY

1987

Plant

November 21­
December 1

January 7

January 10

January 24

February 8

February 15--20

February 15-24

February 20-24

February 22-28

February 27

February 28-
March 1

March 2

March 2~11

Mar~h 6

"larch 7

March 9

March 10-13

March 10-20

Initial Dynamac meeting with AID/sudan.

Obtain approval for Sudan Project from USAID/
Washington.

Dynamac team arrives to negotiate agreement with
Government of Sudan (GOS).

logistical and administrative team arrives in
Khartoum.

Dynamac project manager arrives in Khartoum.

Micronair application expert prepares
Protection Directorate (PPD) aircraft.

Scientific personnel arrive in Khartoum.

Begin camp setup in Suak1n and then move to Tokar.

Perform survey for field site.

Meet with the director of the Tokar Delta
Agri~ultural Corporation. Obtain approval to spray
and reach agreement on plot locations.

Stake out experimental plots and develop preliminary
sampling protocol.

Calibrate sprayplane (Agtruck) application equipment
with industry representatives.

Conduct initia1 praliminary sampling of insects and
birds.

Dynamac, CICP, and PPD scientists in Tokar to discuss
efficacy r.ampaign.

Conduct initial vegetation survey a~d identification.

Practice spray and flagging procedure. Review Delta
Corporation efforts to remove locals from plots.

Spray ch 1orpyrHos, fen; troth; on, 1ambda-cyha 1othri n,
and bendiocarb.

Conduct posttreatment environmental and residue
sampling for four pesticides.
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1988 (continued)

March 9-13

March 16

March 14-27

March 20-24

March 21

March 27-31

March 31-
April 4

April 4-5

April 4-12

April 6

April 12

Apri 1 14

Apri 1 18

April 28

May 2

May 4

May 4

Efficacy team surveys Sa,lala site and determines that
testable locust populations do not exist.

Communicate to Dynamac/Washington and AID/Sudan
intention to abort efficacy trials.

BanAir sprayplane remains grounded due to expired
certification.

Photograph and describe the habitat of each plot.

Begin identification and counting of insect samples.

Conduc t add it i ona1 prf! li roi na ry env i ronmenta1 samp1\ ng .

Pezetel sprayplane (Antonov) arrives and undergoes
repairs and spray calibration.

Spray malathion and carbaryl.

Conduct additional posttreatment environmental and
residua sampling.

Fly first shipm!nt of residue samples to Khartoum.

Remaining scientific personnel leave Tokar.

F~y last shipment of residue samples to Khartoum.

Close camp.

Ship duplicate r'esidue samples to Miami and deliver
to PPD - Wad M~d3ni.

Residue samples arrive Miami Laboratory still frozen.

Ship insect samples to Dynamac/Washington.

Summary Dynamac meeting with USAID/Sudan.
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2. ECOLOGICAL DESCRIPTION OF THE SITE

2.1 CLIMATIC AND PHYSIOGRAPHIC REGION
The study area r~ea" fukar, Sudan, lies at 18° north latitude within the

trupical region known as the Sahel (described as Semi-Desert in Sahni, 1968).

From a geographi c perspecti ve f the Sahel is the area borderi ng the Sahara

Desert wherf:\ open herbaceous format ions and scattered woody plants occur.

Climatic c,)nditions include irregular rainfall, an 8-month-long dry season,

annual rainfall between 75 and 300 rom, and 20 to 40 days of precipitation per

year. Throughout most of the Sahel, atmospheric currents known as the
harmattan and the monsoon control the climate. From September until May, the

high-pressure centers of colder air to the north produr,e the harmattan~ a dry

season dominated by winds from the northeast. In June, as the intertropical

front moves northward, the wet season begins with the monsoon bringing in

humid air and isolated, intense thunderstorms.

In contrast, the Red Sea region of Sudan expariences a different weather
pattern, one that is influenced by northeasterly winds that approach from over
the Red Sea waters. These winds intensify during the winter months and are

joined by southeasterly winds that are connected with the Arabian high­
pressure belt. These onshore winds are capable of transporting water vapor
that eventually falls as rain. This precipitation is restricted to the near­

shore area, because when the moi sture-laden wi nds meet the extens be Red Sea

Hills only kilometers from the coast, water vapor in the uplifted air

condenses, causing rain to fall on the eastern side of the hills and across

the coastal plain. Thus, the rainy season in Tokar, in dramatic contrast to

the rest of Sudan, occurs during the winter months of November, December, and

January (see climatogram for nearby Suakin in Figure 2-1). The annual

coefficient of variation of precipitation in the Red Sea region is between 50

and 75%, indicating that very little rain falls during the remainder of the
year (El-Tom, 1975).

Physiographically, the Sahel is an arid grassland dotted with shrubs and

small trees. In the Red Sea region in particular, the landscape is very flat

2-1



• Precipitation exceedinr
tempen\ture curve

tJ Precipitlltion below
temperature curve
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Figure 2-1. C1imatogram of Suak1n represent" ng wi nter rai ny season in the
Red Sea Coast Region (after Wickens, 1976).
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with the only relief caus~d by seasonal water runoff and dune formation. The
few woody species are dominated by thorny acacias less than 5 m in height.

Grass species from genera such as Aristida and Schoenfeldia form a continuous
cover over many areas during the rainy season. Although relic species of a

more humhl regime can be found throughout the regi on, the current trend '1 s

toward even less vegetation as human and animal pressures coincide with the

climate shift toward more arid conditions.

2.2 SOIL AND VEGETATION ZONE

The Semi-Desert zone of Sudan (Sahni, 1968) contains several vegetation

zones~ of which the Acacia tortilis subsp. raddiana - Maerua crassifolia

Desert Scrub association (Harrison and Jackson, 1958) predominates in the Red

Sea region. The soil~ are immature lithosols, including both sands and clays

and frequent hard gravel "pavements" (Sahni, 1968). The diversity of tree
species is restricted by the erratic rainfall patterns, although additional

species consistently join the Acacia and Mae_rua along drainage lines. For

examp1e, Leptadeni a pvrotechni ca and Sal vadora pers i ca occur on sandy soils

and Capparis decidua, Ziziphus spina-christi, and Balanites aegyptiaca occur

on clay soils. The seasonal pattern of vegetative cover begins each fall with

the first h~avy showers. At that time, the annuals germinate and the

perennial herbs and shrubs produce new green leaves. For the ne)(t 2 months,
the landscape develops a green mantle. After the rains stop, the annual

grasses begin to dry, Quickly become standing hay, and soon disappear
completely. The dominant e,,",(11 grass species is Aristida mutabilis, with

other Aristida species and St..lloenefeldia gracilis also common. The principal
perennial grass is Panicum turgidum.

2.3 FAUNA

The region of scrub grassland surrounding Tokar possesses a depauperate

fauna compared to most regions of Africa. Due to harsh physical condit-ions

and to hunting pressure and habitat destruction, virtually no large mammals

remain. The ibex, duikers, gazelles, and hyenas previously found have

disappeared. A number of smaller mammals such as warthogs, foxes, jackals,

mongooses, and caracals may persist in remnants of native vegetation, but they

are rare throughout the region. Hedgehogs, shrews, mice, gerbils, rats,

hares, and bats r:.Ire the only abundant mammals in most of the grassland areas.
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B1 rds are much more numerous, wi ttl over 60 Sp(~C i es occurri ng near Tokar
(see Appendix B). At least six species of weavers breed in the local
grasslands and frequently attack cv-ops. Many insectivorous species are also
common, including the larks, wagtails, bee-eaters, and egrets. The
populations of insects, lizards, and small t:irds support a large and diverse

group of raptors. with the black kite being the most ~ommon. The egrets and

raptors are noted for following locust infestations, and they likely increase
in numbers during plague years.

The lizards are a distant second to birds as the most abundant vertebrate
group. The lacert1ds are common in the dune areas and possibly play an
important role in the ecosystem. Snakes are less common; they are represented

largely by small colubrids and vipers. Their principal prey may be toads,

~h1ch, although numerous during the flood season. will aestivate for most of
the year.

2.4 AGRICULTURE AND GRAZING USAGE

Throughout most of the year, the Red Sea region of Sudan is totally
unsuitable for agriculture. However, in the months following the short rainy

season. certa1n areas can produce sUbstantial qUclnt1t i es t)f the subs i stence

grain crops sorghum and millet. These areas include the valley basins in the
Red Sea Hills and the drainage zones for floodwaters that flow seaward from
the hill s. The Tokar Delta is the most fertil e of these areas because it
receives sUbstantial flooding (up to 20 days under water) and clay soil
deposition from the Baraka River. Because of this prOductivity, the delta is
managed by a government cQrporatio~ for the pr~duction of high-quality
cotton. The cultivated areas of the delta comprise 175,000 hectares (ha) of
cotton, 30,000 ha of sorghum, 17,000 ha of millet, and 1,700 ha of
vegetables, An equally large area of the delta remains fallo\'-J each year and

sey'ves as grazi ng pastllrte for goats, sheep, cattle, an rl came1s. Throlighout

arid Sudan, far more animals exist than the poor grazing lands can safely
carry; cons~quently, overgrazing is the common practice (Halwagy, 19(2).

While the very center of the delta can have a surplus of forage grasses, the

majority of the fallow areas become severely overgrazed by April. III gen~ra',

the plant species found in the delta are adapted to overgrazing pressures, and

the overall environment. wtl11e rich in many wildlife species, is greatly
modified by human activities,
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3. APPLICATION TESTING

3.1 AIRCRAfT SPECIFICATIGNS

A Cessna Agtruck ST-ATZ aircraft was used for the first four applications

(chlorpyrifos, fenitrothion, lambda-cyhalothrin~ and bendiocarb). The

aircraft. was constructed with the following specifications: wingspan,. 12.7

meters (m); gross weight, 1890 kg; hopper capacity, 1064 liters (L); fuel

capacity, 205 L.

The aircraft was fitted with an internally mounted centrifugal pump

having a variable speed hydrJulic drive system and a standard trailing edge

boom. Four Micronair AU5000 mini-atomizers were install~d on the trailing

edge boom, two at a distance 4.6 m from the centerline and two 1.4 m from the

centerline. In addition, the Micronair applicntion computer system was

ir~stalled on the aircraft. This system provided a direct readout of the flow

rate and of the revolutions per minute (rpm) of each atomizer.

An Antonov AN-2 aircraft was used for the last two applications

(malathion and carbaryl). Although the Antonov ;s much larger than the

Agtruck. the Antonov is able to fly with the same amount of precision. Six

Micronair AU3000 mini-atomizers were installed on the ~oom. Although the

Antonov was generally the more versatile plane, it was not equipped to spray

at very low rates. However, ~he rates for the remaining applications

(malathion and carbaryl) were relatively high (1.4 L/ha) and well within the

output range of the Antonov.

Both aircraft proved to be satisfactory for the application of the test

chemicals in the field trials. However, two additional features would have

improved the efficiency of the application phase: (1) provision of a quality

radio, antenna, and headset to simplify the logistical complexities of precise

application (it was often impossible for the pilot to communicate with the

flagging team on the ground using the hand-held transceivers); and (2)

provision of a portable computer printer output to enable the pilot to collect

exact application data during the spray runs (the pilot was not able to
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observe and record data from the Micronair computer during the actual
low-level flights over the plots; therefore, he flew to a remote area before

each treatment to record the information on flow rate and rpm of each
atomizer).

3.2 MICRONAIR 5PECIFICATIONS AND CALIBRATION

On February 16 at the BanAir base in Kosti, Tim Sander of Micronair

installed a complete Micronair AU5000 application system on the Agtruck

sprayplane. The specifications of the atomizer-s, variable restrictor units

(VRUs), diaphragms, check valves, and application monitor are des~ribed below.

1. ATOMIZERS. The aircraft was fitted with four Micronair AU5000

atomizers mounted o~ a streamlined boom fitted in place of the

staodard round spray boom used for nozzles. The inboard atomizer on

each side was approximately 1 m from the fuselage, and each outboard

atomizer was approximately 1.7 m f r 1m the wingtip. This

configuration was adapted from the original six-atomizer

installation, which had been used for agricu',tural spraying. Four

atomizers were. chosen instead of six to simplify the task of

calibrating the aircraft at very low flow rates and to use the same

configuration as used in the Mali trials. All atomizers were fitted

with standard fan blades and 20-mesh gauze screens.

2. VARIABLE RESTRICTOR UNITS. Each atomizer was fitted with a variable

restrictor unit to regulate the chemical flow from the boom to the

atomi zer. All VRUs were fi tted with standard odd-numbered res tri ctor

plates (these have holes numbered 1, 3, 5, 7, 11, and 13, with the

higher numbered holes providing correspondingly higher flow rates at

a given pressure).

3. DIAPHRAGM CHtCK VALVES. Each atomi zer was fitted with a di aph ragm

chec~~ valve to shut off the chemical supply when the plane was not

spraying and to prevent dripping from the atomizer. The check valves

were 'initially fitted with Viton diaphragms. These are resistant to

the majority of agricultural chemicals, but Teflon diaphragms were
provided for use with the bendiocarb ultra-low-volume (ULV)

formulation.
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4. APPLICATION MONITOR. The aircraft was fitted with a Micronair
application monitor to measure the output of chemical from the spray

system and to check the rotational speed of each atomizer. The

flowmeter turbine that feeds flow information to the application

monitor was tested both at a typical flow rate (7 Llmin) and at a

rate at the bottom of its operating range (4.5 L/min). The turbine

calibration figures were entered into the application monitor as

foll ows:

Normal flow range (5.5 to 40 L/min) Turbine 1 1394 pulseslL

Lower flow range (4.0 to 5.5 Llmin) Turbine 2 1464 pulses/L

The application monitor should give accurate readings, provided that

Turbine 1 is selected for flows ab'Jve about 5.5 Llmin and Turbine 2

is selected for lower flows.

After the aircraft and pilot arrived in Tokar, the Oync':TIilc-CICP team

conducted onsite caiibration and rpm adjustments. Based upon the consensus of

our application experts and the chemical company representatives, it was

agreed to initially calibrate the system based upon the following:

Flight height = (4.6 m) 15 feet

Swath spacing = U5 m) 115 feet

Airspeed = (160 km/h) 100 milh

D&s i red rpm of Micronair = 6000 rpm

Spray tests with the VRU set at 3 and the pressure set at 34 psi produced

the desired flaw rate of 4.8 L/min. Two tests were made on the ground by

('l)llecting material from each atomizer for 30 seconds. The flow rate measured

by the collection method was 4.84 and 4.68 L/mirJ. This verified that the

Micronair flowmeter provided a satisfactory flow-rate measurement for further

calibrations. The angles of the Micronair blades were adjust~d to the

recommended angles and test flown to check the rpm~ The rpm ranged from 5224

to 5770 for the four units. All angles were adjusted to increase the fan

speed. This adjustment produced a range of fan speeds from 6260 to 6560 (pm.

Thus, the blades were readjusted to an intermediate angle.
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On March 7, Wes Yates, chief application scientist, conducted further
calibration trials. Flow rates appeared to drop, and a partial reduction in

flow at one nozzle was discovered. The 'JRU unit was cleaned, and the system

was flushed w'ith diesel oil. Adjustments were again established to obtain a

flow rate of 4.7 L/min. The final adjustments on the blade angle for the four

atomizers gave a range of 5660 to 6470 rpm, which was considered satisfactory

for the applications.

3.3 WEATHER MONITORING

A base weather station was set up near the main camp, 0,4 km from the

pesticide loading area at the airport. Weather records were collected for

several days prior to the aerial applications, both at the base camp and on

the plots during preliminary sampling. The weather st~tion contained the
following equipment:

,. One 6.5-m mast for the support of TEMPERATURE SENSORS used to measure

the temperature grad i ent between 6.5 and 2 m. Each sensor was a

thermocouple mounted in a fan-aspirated radiation shield. The motor­

driven fan was powered by a '2-volt battery that was recharged with a

small solar-cell panel. The temperature was measured with a hand­

he 1d di gi ta 1 instrument that recorded temperatures wi th an accuracy

of ±0.2°F. The operator could select the measurement of Tl , T2,

or (T
l
-T

2
). Thus, the system could accurately measure the

atmospheri c temperature grad i ert wi thi n 6 m of the ground.

Experience has shown that the presence of an inversion (T2>T,)
greatly improves deposition of fine particles, and a strong lapse

(T,>T2) results in a greater loss c.~ fine particles through

vertical diffusion and dispersion.

2. One 2-m mast with ali ghtwei ght WIND VANE for the determi nat i on of

wind direction. A visual observation was made of the vanels position

on a clear plastic disk with 30° graduations injicating compass

direction.
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3. One 2-m mast with a TOTALIZING CUP ANEO~lETEt~ used to measure the
number of wind-driven revolutions of the cup. The observer routinely

determined the average ~peed for a l-minute time interval. A

calibration chart was used to convert revolutions per minute to miles

per hour (mi/h).

4. One 2-m mast with a PROTOTYPE CUP ANEOMETER, sensitive to 1 mi/h.

This instrument utilized a small generator to produce direct analog

recordings between 0 and 10 mi/h.

5. A battery-operated PSYCHROMETCR to mea.wre the wet-bulb and dry-bulb

temperatures. The instrument cons i sted of two mercury thermometers,

one fitted with a wick that was saturated with distilled water, and a
battery-operated fan to aspirate air rast the two thermometers. The

relative humidity was determined from psychrometric charts based on

the paired wet-bulb and dry-bulb ~eadings.

6. A RAIN GAUGE in case of significant rainfall.

3.4 APPLICATION TESTING

Following the calibration of the application equipment, a mock spray

trial was conducted to verify that the predicted pesticide deposition was

actually 0(.curr1ng. Because an accurate application of a ULV pesticide

requires precise swath spacing and consic:;tent groundspeed as well as proper

Micronair performance, all of these factors were ev~luated before the actual
test applications were conducted.

The guidance for each spray swath was provided by the location of

vehicles with flags on each side of the spray block. Rubber-rope counters

were attached to the front wheel of each vehicle and calibrated to measure the

35-m swath spacing. Two teams of two vehicles were used to enable the pilot

to proceed from one test plot to the next one, while the second team of

flaggers moved to set up for the thir~ test plot.

Where possible, the spray flights 1,o.lere made first in one direction and

then reversed, so that the airspeed of the airci"aft would approximate the

average groundspeed. To check the accuracy of the indicated ai rspeed on the
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aircraft, several flight tests were conducted along a marked length of 500 m.

Observers stationed at each marker observed the lapsed time for four passes,

yielding a calculated speed of 96 mi/h, compared to the pilot's indicated

speed of 100 mi lil. It was assumed that wi thi n the accuracy of the

measurement, the i nd i cated airspeed was correct. Thus. we used the airspeed

of 100 mi/h (161 km/h) for the calibration calculations.

A mock spray test was conducted near the ai rstr'ip on a 250- by 250-m

block. Diesel oil was used and applied at the calibrated rate of 0.5 L/ha.

Two of the guidance vehicles were used to mark the 35-m swath spac;~g. Forty

oil-sens i t. i ve spraycards were used to measure the spray depos it i on in the

spray block as well as the downwind drift. The cards were placed at an ll-m

spacing ijlong a north-south line extending through the center of the block to

a pcdnt 185 m downwind. The prevailing wind was 4 to 8 mi/h from the north,

and the aircraft passes were from the east and west. Observers on the ground

noticl~d a delay in the spray output and instructed the pilot to star't the

spray system before the edge of the plot and to stop slightly before reaching

the opposite edge of the field. The spray cards showed good deposition in the

plot area with a decreasing amount of deposition reachir.g to 185 m downwind.

A preliminary reading of droplet sizes indicated a volume median diameter

(VMD) range of 100 to 150 microns. This cunfirmed the manufacturer

application experts' assertion that an rpm of 6000 would produce the desired

droplet si!e.

After the default of the BanAir contract. we replaced the Agtruck with an

Antonov AN-2. As described in sections 3.1 and 3.2. the larger plane

perfc,rmed very much like the Agtruck. Nonetheless. the application testing

was repeated and a second mock spray trial was conducted. The spray swath was

increased to 40 m. but the flagging procedure was otherwise identical to that

used wi th the Agtruck. Depos it i on on the spray ca rds was compa rab 1e to that

found in the first mock trial and in the earlier plot treatments with the

Agtruck.
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4. LOCUST SURVEY FOR EFFICACY TESTING

4.1 LOCUST INFESTATION TRACKING

The head of the Sudanese Plant Protection Directorate (PPD) Locust

Section, Or. Karrar, indicated during the November 1987 visit of Dynamac vice

president Allan Hirsch that locust breeding could continue into May and,

therefore, that February would be an appt~priate time to begin project

activities in the Tokar Delta. Dr. Karrar described the PPD scouting network

and stated that the netl.-Jork wDu1d be advising on the location of locust

outbreaks by January or February. Although FAa consultant Mark Gorta deemed

the December-January breeding period to be more reliable, the roads in the
Tokar Delta are impassable during winter.

In January, scientific coordinator Jeffrey Evans and PPD project liaison

Dr. Mun i r vi sited the Red Sea coast both north and south of Port Sudan. The

only known locust populations were in Gebeit Mine, an area of rugged valleys

north of Port Sudan where control I)perat ions were under way. Because it was

not possible to conduct large-plot environmental trials in this type of

terrain, it was decided to locate the environmental trials near Suakin and to

await further repcrts on the extent and distribution of locust infestations in

the north.

In February, before the field team left to set up the base camp for the
environmental trials, Dynamac scientific manag~r Mark Southerland met with

Dr. Karrar to review the latest locust reports. Dr. Karrar stated that

efficacy trials were still possible in the north, where eggpod fields and

locus thatch i ngs were bei ng reported and where sma 11 bands were formi ng in

wadis with green vegetation. Later in the month, the locust reports continued

to indicate that large areas around Wadi Diib and Wadi Oko were becoming

infested. On M?rch 7, the Dynamac-CICP-PPD efficacy team met to review the

latest PPD locust report, which stated that 2600 ha in Wadi Diib were infested

with sma 11 hopper bands spaced 5 m apart at a dens ity of 10 bands/ha. Thi s

medium-density infestation primarily consisted of 1st and 3rd instar hoppers,
with some later instars and copulating and egg-laying adults also present.
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Both vegetat ion (green bushes, grasses, and sorghum) and the temperature and
humidity were reported to be favorable. In Wadi Oko, a medium-density

infestation of 400 bands covering 1500 ha was reported. The distance betwep.n

bands WilS 5 to 15 m, and all instars were present. The vegetation was

reported to be good.

4.2 MOBILIZATION OF THE EFFICACY TEAM

In the judgment of the efficacy team, including 10r.ust expert· Chris

Hemming, the repryrted conditions were conducive to an efficacy testing

program. Hemming presented important facts concerning the behdvior of locust

b<::~ds, and the team discussed tt.e logistics of conducting the aerial

application and the silmpling program for these pesticide trials in the narrow

wadis of the north. A new test design, substantially modified from the

original technical plan, was developed by efficacy leader Tom Sch\oJartz and

Mark Southerland. This design depended on following individual bands as

repl1cateci test units within a single sprayed area. Sequential treatments

would be applied along the wadi, and a simultaneous control would be sampled

in an ~rea parallel to the central test area. Twenty-four-hour mortality

measures would be used for the primary efficacy trial. Because barrier-strip

tests were not feasible, movable cages were proposed to follow mortality over

1 to 2 weeks for tl\e persistence trials.
Oynamac requested that the PPD Locust Control Section leave one major

area untreated so that the efficacy team could move immediately to that site

and begin the tests. A section in the Wadi Diib wide enough for aircraft

maneuvers was selected. The team moved to Port Sudan on March 8, and the team

moved from Port Sudan to a camp approximately 24 km north of Salala by March

10. On March 11, the team was shown the area in the Wadi Diib that had been

reserved for the efficacy trials. The site was examined carefully and was

visited again on March 13, when further observations were made and photographs

were taken. The following notes describe the site and give the background on

the decision to not proceed with the efficacy trials.

4-2
. 1



4.3 ONSITE LOCUST SURVEY AND EVALUATION
4.3.1 The Site

The infestation of desert locust hoppers was situated in a belt of

sorghum cultivations lying along the foot of a long, low, rocky ridge. The

cultivations were approximately 3 km in length and varied in width from less

than 50 m to 400 m. The sorghum crop was fully mature, and a small amount of

harvesting had already been undertakan. The crop was best developed close to

the rocky ridge, where more runoff water had accumulated before the seeds were

sown. The whole area was drying out rapidly, particularly in the sections

farthest from the ridge. In the area where the crop was at its best, there

was also the best development of weeds between the sorghum plants; locally the

weeds provided an almost 100% ground cover to a depth of 20 to 30 cm. In the

section of the cultivated area, where the width was less than 50 m, the

vegetation on the side away from the rocky ridge consisted of dense salt bush

(Suaeda sp.) reaching more than 2 m in height.

4.3.2 The Locust Population

The locust population in the sorghum cultivations comprised all five

hopper instars, a few fledgings, and the occasional adult of the parent

generation. The commonest instar appeared to be 4th. The distribution of the

instars was such that one did not find all the instars in anyone area, but a

patch of 3rd instars might be followed by a patch of 4th instars and then a

dense group of 2nd instars. The greatest numbers were found in the 50 m

closest to the rocky ridge, which also was the area containing the greatest

quantity of weeds (the only green vegetation). The hoppers were not generally

grouped into we ll-def i ned bands but were somewhat dispersed. The dense weed

cover made hopper band cohesion difficult, and an examination of the hopper

color patterns showed a decreaslng amount of black in the later 'instars

indicating disassociation, as would be expected in the dense ground vegetation.

4.3.3 The Problems of Spraying

The following problems associated with spraying were identified:

1. It is not acceptable to spray a fully mature standing crop 'in which

harvesting has already begun.
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2. Owi ng to the hei ght of the sorghum crop (up to 2.5 m) and to the
locally dense ground cover of weeds, very little spray would reach

the hoppers on the ground (a requirement for a contact insecticide to

be effective). The pickup of spray droplets by the vegetation would

be high even in the lightest breeze, but windspeeds exceeding 8 mi/h

(3.3 m/sec) were recorded even at dawn (0530 hours).

3. To divide the site into the required' number of blocks for the

different treatments and controls, it would have been necessary to

spray the long, ilarrow, cultivated areC\ at right angles to the rocky

ri dge. A sprayp 1ane fl yi ng either to\t/ard or away from the ri dge
would have been unable to spray close to the ridge where most of the

hoppers were situated.

4. Owing to the small number of fledglings observed on the first day

(March 11) and to the expectation that the majority of the population

(4th instar) would fledge within 7 to 10 days, fledging would, after

a few days, be followed by dispersal of the entire population. The

time available for the various pesticide treatments would be very

short.

4.3.4 The Problems of Population Assessment

The following problems associated with population assessment were
identified:

1. Most of the hoppers occurred in the area with the densest weed

cover. When hoppers on open ground were approached, they immediately

started hopping into the dense weeds and soon were wen hidden. The

number of hoppers that could be counted by an observer under these

cvnditions would be only a small proportion of the total. This would

be particularly true in the case of the early instars, which are

smaller and inconspicuously colored. The dense ground cover and

hopper behavior together would make accurate density estimates

impossible.
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2. The hopper population was not evenly distributed throughout the
sorghum belt; the age distribution of the hoppers was even more

irregular. As natural mortality in desert locust hopper populations

is always high, one would have to assess this mortality separately

and allow for it when estimating the numbers killed by the various

treatments. With the uneven age distribution observed, one could not

infer that the natural mortal ity observed in control blocks was the

same as that in trea~ed blocks, even if they were adjacent.

3. The uneven distribution of the different-aged hoppers would have

resulted in some blocks containing an above-average populat.ion of

more vulnerable younger instars. The different~al mortality based on

age would make it very difficult to compare treatments in different
blocks.

4.4 RECOMMENDATIONS FOR FUTURE TRIALS

4.4. 1 Ti mi n9

1. The likelihood of suitable breeding populations occurring in the Red

Sea winter breeding area can be assessed only toward the end of the

summer campa i gn, when the number of control swa rms produced can be

determined. Toward the end of 1986, for example, large numbers of

swarms were reported and a large-scale .Red Sea campaign ensued. This

campa i gn reduced the number of swa rms, so that the 87/88 wi nter

campaign was much smaller than the 86/87 campaign.

2. It is essential that the trials be conducted in the open plains where

vegetation is sparse and low, so that a reasonable level of accuracy

can be achieved in the population assessment. These conditions are

only likely to occur eadi in the rainy season. The efficacy team

must therefore be in the field ready to start work not 1ater than

mi d-Janua ry.
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3. As first and second instar hoppers are very easily killed, it is
recommended that the trials be conducted on 3rd to 5th instar

populations. The later instars are not only larger but also more
conspicuously colored and, therefore, easier to count, producing more

accurate population estimates.

4. To more easily compare different treatmellts, it is desirable that the

age of the hoppers in all blocks be approximately the same.

Synchrony of hatching is a characteristic of highly gregarious
populations and is therefore more likely to occur in the winter

breeding area following the escape of swarms from the control after
summer breeding.

4.4.2 Population Assessment Techni~ues

The conventional randomized block design used in gras5hopper trials may
be appropriate for locust work when the hopper bands are very large, i.e., the

same size or larger than the experimental blocks. However, this situation is
b~1 no means the norm and the efficacy team must be prepared to assess a
population comprising a large number of highly mobile small bands often
separated by 50 to lOa m. Under these circumstances, it might be necessary to

follow the fate of individual bands. Such decisions, however, cannot be made
in advance and the team must be prepared to develop sampling techniques

appropriate to the conditions they find in the field.
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5. ENVIRONMENTAL IMPACT TRIALS

5.1 SITE SELECTION

Historical outbreaks of the desert locust, including the outbreak of

1986-87, began with winter breeding in well-known regions of Africa and

Asia. The area along the Red Sea coast of Sudan is one of the breeding

areas where the concentrations of emerging- hoppers can be expected to be

the greatest. Consequently, this site was chosen for our fields. It was

not only the site where the best testable populations of locusts (abundant

hopper bands) had occurred but also a likely area for future desert locust

control efforts.

During January 1988, the Dynamac scientific coordinator worked with

the Sudan Plant Protection Directorate to analyze the status of the locust

infestation and to determine the best sites for the efficacy trials and

the environmental impact trials. After it was determined that the only

likely testable populations of locusts for efficacy trials this season

would occur in narrow wadis to the north, a separate site with enough area

for the lOO-ha plots needed to conduct the environmental impact trials was

sought south of Port Sudan. The initial determination w\'\s that the area

near Suakin would provide an adequate environmental impact t~st and would

supply the best logistical support to the efficacy trials in the north.
When the field team arrived in February. the scientific manager concluded

that the increasingly and areas around Suakin did not contain adequate

popul at ions of nonta rget organ isms to conduct a ri gorous envi ronmenta 1

field test. Consultation with PPD scientists led the team to survey the

Tokar Delta region. Observation confirmed that the delta region contained

the most lush vegetation and was the most biotically diverse area along

the Red Sea coast. After negotiation with the administration of the Tokar

Delta Agricultural Corporation, it was agreed that grassland areas

totaling approximately 50 kIT? would be used for test plots during the

field trials.
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The Tokar Delta is a relative'ly water-rich area in the Red Sea
Province that, by virtue of the rains channeled into the delta by the

Baraka River, supports the city of Tokar on the economy of a
government-managed agricultural corporation. Owing to floodwaters

received during the fall months. regions of the d~~ta are under water for

up to 3 weeks. This water allows cotton, subsistence grain crops (sorghum

and millet), and occasional vegetables to be grown through the winter and
into the' spring. Uncultivated areas grow thick grasses that are grazed by

goats, sheep, cattle, and camels. To provide comparability among plots,

to avoid exposure to field workers, and to expose the widest variety of

possihle nontarget organisms, we selected fallow grassland areas along a
northea s t 1i ne from Toka r to the Red Sea. Wi th the camp set up next to

the airstrip southwest of Tokar, daily sampling of the plots was possible,

as was constant maintenance of the spray equipment.

5.2 TEST DESIGN

5.2.1 Plot Delineation

Surveys of the region with nelta Corporation arj PPO personnel showed

that the areas directly east and south of Tokar were too heavily

cultivat€d for consideration as test plots. With the guidance of the

local inspector, a southwest-northeast line that began 5 km southeast of

camp \-las identified. This line (length 15 km) encompassed enough

grasslnnd areas to designate 24 p~ired plots, with one lOO-ha plot on each

side of the line. Even though this area was BO% fallow grassland,

considerable care had to be taken to avoid inclUding large cultivated
areas or villages in the plots. By varying the buffer zones from 250 to

600 m and by eliminating certain areas, the majority of fields and

habitations were excluded from the test plots. The final plot layout

covered 15 by 2.5 km, stretching from lush 1-m-tall grasses to very dry

shruh1and and to more maritime vegetation (Figure 5-1).

5.2.2 plot Size and Arrangement

Ev~ry plot measured 1 km (l000 m) on each side alld encompassed 100 ha

of grassland, with scattered shrubs and occasional cultivated fields. A

minimum of 0.25 km (250 m) was maintained as a buffer zone between plots
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9 km TO RED SEA

\
~\ i3WB i3E

i2W ICh I i2E

1iWB i1E

250 m-..j
i0E

9W~ 9E

8W~ 8E

7W~ 7E

T
2000 m

-'-
1000m~ 6E

5W E~~I 5E

4W~
250 m

4E l
3W~ 3E t-
2W~ 2E Abbreviations

iW 8 1E
Fe = Fenitrothion.
Ma = Malathion.

7 km TO
Ch = Chlorpyrifos.

TOKAR AIRSTRIP • Be = Bendiocarb .
Ca = Carbaryl.
Lc = Lambda-cyhalothrin.
CL = Check (control).

Figure 5-1. Location of environmental impact test plots (100 hal along a
northeast llne in the Tokar Delta.
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in both the east-west and north-south directions. Distances up to 3.5 km

occurred between plots separated by inhabited areas. Although the

vegetation profile varied among plots (see section 5.2.3), the site was

not partitioned into distinct habitats requiring a blocked or stratified

design. Insofar as each plot was essentially a unique combination of

habitats, a completely randomized design was used (see Figure 5-1). Three

replicate plots for each treatment (spraying with fenitrothion, ma1athion,

chlorpyrifos, bendiocarb, carbaryl, and lambda-cyhalothrin) and six

contro1 plots, to be sampled with each treatment, were des i gnated. The

plots on the west side of the line were numbered in a north-south sequence

lW to 13W; those on the east side were numbered lE to 13E. Plots

originally designated as 6W and lOW were deleted because they encompassed

co tton fi e 1ds and un vegetated dunes, respect i ve 1y. The treatments were

assigned using a simple random number generator. No like treatments were

assigned to adjacent plots.

5.2.3 Habitat Description

All of the plots were located on the Tokar Delta, an area of entisol

aquent soils created by the annual flooding of the Baraka River. The

Tokar Delta Corporation captures the floodwaters with earthen dikes as

they move from the Red Sea Hills toward the Red Sea. With~n the test plot

area, the effects of flood control, livestock gra2ing, and cultivation

(pri nc i pa 11 y with cotton) were present. Genera 11 y, the pattern of

vegetat i ve cave ron our plots became dr i erand 1es s den sa as the plots

extended northeast from the center of the delta (plots 1 through 4) toward

the Red Sea (up to plot 13). The soils gradually changed from a fine

silty clay loam, dense and deeply cracked, to a looser sandy clay. The

plots closest to the sea exhibited increased shrub cover on more saline

soils.

The controls were plots lE, 3W, 5E, 1E, 9E, and llE. These plots

encompassed the fu 11 range of vegetat i ve structure and compos it i on seen in

the test area. Plots lE, 3W, and 5E all contained silty clay loam soils

covered with the dominant gt'ass species Paspalidium germinatum, and a

scattering of the tree Acacia nilotlca v. adansonii at one to three trees

per hectare. On plQt 1E, the ~. ~erminatum was overgrazed to clumps 15 cm
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high with occasional bare spots and invasion by Argemone mexicana. P.
germinatum was considerably lusher on plots 3W (up to 25 cm high) and 5E

(up to 40 cm high), and both plots contained five or more Caltropis

procera per hectare. Plots 7E, 9E, and 11E were (\'1 sandy clay soils with

much drier f. germinatum. This grass was often grazed to the soil level,

with the only patches higher than 10 cm occurring on plot 7E. Plot 7£

also showed invasion by 8.. nilotica, ~. procera, and Hyphanea spp. at a

density of 10 per hectare. Only~. procera at a density of three to five

per hectare occurred on plot 9£.

The fenitrothion-treated plots were 2E, 11W, and l3W. On the deeply

cracked silty clay loam soils of 2E, f. germinatum formed a dense cover of

50- to 75-cm-tall grass. ~. procera was also present at a density of one

to two per hectare. On the sandy clay soil of llE, the f. germinatum was

drying out and often closely grazed, reaching no higher than 10 cm. On

l3W, the more saline sandy soils supported numerous Suaeda pruinosa in the

northern portion of the plot. More characteristic than the grassy cover

of £,. germi natum was the very dense stand of~. procera (up to 2 min

height) and the scattering of 8.. nilotica (up to 2.5 m in height, five to

seven per hectare).

The malathion-treated plots were 5E, 8W, and l2E. Plot 5W contained

tall f. germinatum grass (30 to 60 cm high) that was beginning to dry down

on the silty clay loam. Occasional~. nilotica, ~. procera, and Hyphanea

"pp. up to 75 cm high were present. Also on sandy clay, but with some

saline conditions, the f. germinatum on plot l2E formed a mosaic of bare

ground and green patches up to 30 cm in height. Numerous small (30 cm

high) ~. pruinosa bushes were scattered throughou~ the plot.

The chlorpyrifos-treated plots were 9W, l2W, and l3E. All three

plots had sandy clay soils with a cover of f. germinatum. The grass on 9W

was dried out, and dry areas on l2W alternated with green patches up to 10

cm high. Density of ~. procera (up to 1.5 m tall) on both ploh was two

per hectare, with an equal density of 8.. nilotica also occurring on l2W.

Plot l3E contained some saline conditions and occasional areas of silty

clay loam but was characteri zed by dense groves of~. pruinosa covering

approximately half of the plot.
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The bendiocarb-treated p10ts were 3E, BE, and 10E. On plot 3E, a
very dense cover of f. germinatum (60 to 100 em high) grew from the deeply

cracked silty clay loam soil. Tall (2 to 3 m high) ~. nilotica and ~.

RLocera o~curred at densities of 10 to 15 per hectare. On the sandy clay

soils of BE and 10E, the f. germinatum was drying out, although occasional

green patches were interspersed with bare ground. C. Qrocera and Hyphanea

spp. were present.

The carbaryl-treated plots were lW, 4E, and 6E. A lush growth of f.
germinatum (50 to 75 cm high) covered the deeply cracked silty clay loam

soils of plots lW and 4E. ~,procera occurred in moderate d~nsity (one to

two per hectare) on plot lW and in dense stands with ~. nilotica on plot

4E. Plot 6E, which included a large area of bare shady clay behind a long

dike, was generally dry. Vegetation was limited to depressions and

consisted of dry f. germinatum (up to 30 cm high) and scattered clusters

of 10 to 20~. nilotica and ~. procera (up to 1.5 m in height).

The lambda-cyhalothrin plots were 2W, 4W, and 7W. On the deeply

cracked, silty, clay loam soils of 2W, f. germinatum formed a uniform

carpet of tall (60 to 100 cm high) grass. On the similar soils of 4W, the

lush grass was be~inning to dry and was overgrazed in spots. On the sandy

clay of 7W, f. germinatum \>las dried out and closely grazed with only

occasional green patches up to 25 cm high. This plot also inc"luded A.

nilotica, ~. procera, and Hyphanea spp., ranging up to 1.5 m in height at

a density of 10 per hectare.

5.2.4 Order of Treatments

To reduce the confounding factors of temporal variation, application

of the test pesticides was completed as quickly as possible. The sampling
regime requi red same-day and l-day posttreatment sampl es and thus pre­

vented the application i)f more than one pesticide each day. The BanAir

aircraft was unable to complete the last two sprays; therefore, two spray

sequences, one of four pesticides (chlorpyrifos, fenitrothion,

lambda-cyhalothrin, and bendiocarb) and one of two pesticides (malathion

and carbaryl), were completed 3 weeks apart.

The sampling sequence duplicated the spray sequence in that counts or

samples were taken at set intervals after pesticide application. In
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addition, sampling was performed at the same time of day whenever possi­
ble. In some cases, evening samples were substituted for morning samples,

but in no case were observations made when abundances or behavi ors were
expected to ~ary greatly from the usual pattern. While environmental and

biotic changes undoubtedly occurred over the course of the trials (e.g.,

the general dryin9 of vegetation), the restriction of sampling to 7-day

intervals likely produced little temporal bias in the estimates of the

treatment effects. Same-day controls were sampled for every set of

treatment replicates so that temporal biases could be removed

statistically.

AppE:.'nd i x E conta ins wi de-angl e photographs showi ng the 1andscape and

vegetation profil~ of each plot.

5.3 PESTICIDE APPLICATION

5.3.1 Treatments and Rates

Six of the seven pesticides selected for testing were applied in the

Sudan environmental trials: fenitrothion and malathion (organophosphorus

compounds chosen as test standards), chlorpyrifos (organophosphorus),

bendiocarb and carbaryl (carbamates), and lambda-cyhalothrin (synthetic

pyrethroid). The rates used were those recommended by the manufacturers:

malathion at 1300 grams active ingredient per hectare (g a.i./ha),

fenitrothion at 500 g a.i./ha, chlorpyrifos at 250 g a.i./ha, bendiocarb

at 125 g a.i./ha, carbaryl at 576 g a.i./ha, and lambda-cyhalothrin at

20 g a.i./ha. The specific foriiiulations used, the rates in liters per

hectare, and the product trade names are given in Table 5-1. Diazinon was
not tested because the test stock did not reach the field site.

5.3.2 Pesticide Handling

All materials supplied by the manufacturers were transferred by truck

to the Tokar field camp and stored in an eonclosure next to the airstrip.

A thatched roof was built to reduce daytime temperatures. A \rJatchman

stayed in a tent at the storage site. ~aterials in 20-L containers were

hand poured into the aircraft hopper. A rotary hand pump was used to

transfer the formulations stored in 55-gallon drums. The system required
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Table 5-1. Pesticides Used in the Tokar, Sudan, Environmental Impact Trials

Compound Chemical class Trade name Formulation L/haa g a.i ./hab

Fenitrothion Organophosphorus Sumithion L100 0.52 520

Malathion Organophosphorus Malathion 96% ULV 1.41 1300
Chlorpyrifos Organophosphorus Dursban 450 ULV 0.50 225

Bendiocarb Carbamate Ficam 20% ULV 0.62 124
Carbaryl Carbamate Sevin 4 - oil 1.46 576
Lambda·· Pyrethroid Karate 4% ULV 0.51 20
cyhalothrin

aLiters/hectare.
bGrams active ingredient/hectare.
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a mi nimum of 40 1iters (L) of materia 1 to prime the spray system. When
possible, the pesticide remaining in the hopper after the application was

transferred with the same pump back into the original container. The
spray system was flushed with diesel oil after the first three

treatments. Bendiocarb was the last material applied with the Agtruck and
in this case, Solvesso was used to flush the system both before and after

the application. There appeared to be some incompatibility between the

Solvesso and the previous formulation (lambda-cyhalothrin). The main

in-line filter became clogged with large, gel-like granules during the
flushing process. The filter was cleaned, and no further problems

appeared. Diesel oil was also used to flush the Antonov spray system
before and after the applications of malathion and carbaryl. All

personnel involved with the loading were supplied with coveralls,

waterproof boots, gloves, aprons, face shields, and respirators.

The hand-operated rota ry pump was sat is factory for trans ferri ng the
material. Since all loading personnel used protective clothing, no direct

exposure to workers occurred. For future programs, however, the hanrjl i ng
hazards could be reduced by the use of a closed loading system. Simple
devices include special enclosed probes that can be extended into the
conta i ners (1 to 10 ga 11 ons or 55 ga 11 ons) . These probes can be used wi th

a hand- or battery-powered system.

5.3.3 Calibration of Equipment

The spray application was calibrated for each material and was based

on the following relationship:

L/ha = Llmin
ha/min Eq. 1

The constant factors for all applications were obtained from the

precalibration trials and were as follows:

Swath spacing = 35 m (40 m for Antonov)

Airspeed = 161 km/h

Thus, hu/min = (35 m)(161 km)(lOOO ffi)( ha )( h __) = 9.4 ~
h km 10,000 m2 60 min min
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From Eq. 1:

Llmin = (ha_)(~)
min ha

Llmin = (9.4)(~)
ha

The desired application rates (L/ha) were taken from the recommendations

of the chemical companies. For example, the recommended application rate
for chlorpyrifos was 0.5 L/ha.

Thus, the desired flow rate was:

Llmin = (9.4)(0.5) = 4.7 Llmin

The general application procedure was to load sufficient material in the

hopper to cover the proposed three replicate plots. The pilot was
instructed to fly to a remote area (away from the plots) and to adjust the
hydraulic pump drive system to obtain the desired flow rate, record the
va 1ue, and then record the rpm of each atomi zer. Duri ng the mock tri a1,

hand signals between the ground crew and pilot were discussed and included
basic signals to stop spraying, continue spraying, and return to airport.

In addition, the pilot was given a transceiver to enable him to hear
verbal instructions from the haggers even if excessive noise in the

cockpit prevented the pilot from talking to the ground crew. However,
radio communication with both aircraft proved to be inadequate, and Jis~al

signals were used almost exclusively. The application data for the first
four materials (obtained from the Micronair monitor) are shown in Table

5-2.

5.3.4 Weather Conditions
Weather data gathered prior to the aerial applications indicated that

the temperature and wind conditions were essentially the same at the camp
and on the plots. The temperature gradient data from the base station

tcwer revealed that no local inversions were present, even during early
morning hours. Thus, the transport and diffusion of the fine spray

particles were primarily dependent on the wind velocity. During the
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Table 5-2. Aerial Application Parameters for the First Four Pesticidesa

Spray Flow Application
Micronairb VRU pressure rate rate

Date Material rpm1 rpm2. rpm3. rpm4 setting (ps i) (L/min) (L/ha)

3/10 Ch 1orpyrifos 5860 5450 b050 5810 3 40 4.7 0.50

3/11 Fenitrothion 5910 5530 6020 5810 3 59 4.9 0.52
3/12 Lambda-

cyhalothrin 6100 5500 6320 6490 3 30 4.8 0.51

3/13 8endiocarb 5920 5940 6520 5840 5 26 5.8 0.62

aSwath spacing = 35 m; height = 2 to 5 m; airspeed = 100 mi/h; manifold pressure = 21
inches; engine speed = 2300 rpm.

bSubscripts on the rpm refer to the location of the Micronair; the units were numbered
from left to right as observed by the pilot.
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ent ire spray peri od, the preva il i ng wi nd was from the north wi th the
lowest velocity at daylight and the highest velocity and most turbul~nt

conditions in the midafternoon (1400-1500 hours). Table 5-3 lists the

date and time for the application of each material to its three replicate

plots. Weather conditions before, during, and after the spray

applications are also included.

5.3.5 Field Application and Deposition Results

Flagging teams arrived on the site at first nght to begin spraying

between 0630 and 0730 hours. Two team~ of two vehicles were used so that

the sprayplane could move immediately to the second plot while tile first

team repositioned for the third spray. Each vehicle was equipped with a

wheel counter that indicated 2.5 m for every wheel rotation. Radio
communication among most of the vehicles was unreliable. Careful planning

and occasional visual signals were used in the flagging procedure.

One vehicle was positioned on the east end of the plot; a second

vehicle was positioned on the west end. Both vehicles began on the

southern corners and moved north for each add i tiona 1 swath. Preva il i ng

winds were from the north (Table 5-3); therefore, the plane flew

successive east-to-west swaths while moving north. The flagging vehicles

drove along the boundary of the test plot. Spray turnon was initiated an

instant befbre the plane passed over the vehicles, on the eastern edge of

the plot; turnoff was begun before the plane reached the west flagging

vehicle. A total of 28 swaths (for 35-m spacings) or 25 swaths (for 40-m

spacings) were flown over each plot.

A 200- by 200-m grid of nine spray deposition cards (5- by 5-cm oil­

sensitive sheets on Kromecote cards) was constructed on each plot before

spraying. Each carci was secured in a plastic holder and placed flat on

the ground. Visual determination of the spraycards in the grid verified

that adequate deposition was achiev~d for all chemicals. Although the

wind velocities exceeded the optimal range for some applications, the

uniform depos iti on on the spraycards i nd i cated that the spray was not

displaced more than a couple of swaths downwind. This was likely due to

the low flying height of the aircraft and the lack of a thermal

inversion. The greater than 250-m buffer zones were more than adequate to
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Table 5-3. Weather Data During Pesticide Application. Tokar. Sudan. 1988

Wind-
Plot Temp Wind speed

Date Pesticide Time sprayed (OC) RH direction {mi/h} Sky

March 10 ChlorpyrHos 0700 9W 23.3 72 NE 9.0 Cloudy
0745 24.4 67 NE 7.5 Cloudy
0830 l3E 25.6 62 NE 12.3 Cloudy
1045 12W 28.9 48 NE 8.4 Cloudy
1315 28.9 48 NE 11.0 Cloudy
1800 25.0 60 NE 6.0 Cloudy

March II Fenitrothion 0645 21.1 68 N N.D. P. cloudy
0745 13W 25.0 58 N 7.0 Clear
0900 27.8 54 N 8.0 Clear
1000 llW 29.4 45 N 9.2 Clear
1100 28.9 45 N N.D. Clear
1630 2E 26.1 58 N 11 .0 Clear

March 12 Lambda- 0645 2W (part) 21. 7 65 N 4.5 P. cloudy
cyha10thrin 0800 7W 25.0 50 N 8.5 P. cloudy

0900 2W (part) 26.1 54 N 10.0 P. cloudy
1000 4W 28.3 50 N 11.0 P. cloudy
1400 21.7 N.D. N 12.0 P. cloudy
1630 16.6 N.D. N 14.5 P. cloudy

March 13 Bend10carb 0600 10E 23.3 80 N 4.5 Tr. rain
0700 3E 25.0 70 N 11 .0 Cloudy
0800 25.0 52 N 11.3 Cloudy
1000 8E 27.2 65 N 15.0 Cloudy
1600 27.2 62 N N.D. Cloudy

April 4 Malathion 1130 5W 30.0 48 N 4.0 Clear
1215 8W 30.5 48 N 5.0 Clear
1300 12E 30.5 45 N 7.0 Cleur
1400 31. 5 N.D. N 8.0 Clear
1545 32.5 N.D. N 9.0 Clear

Apri 1 5 Carbaryl 0730 4E
0815 lW 28.3 61 N 6.0 P. cloudy
0900 6E 31.1 61 N 5.0 P. cloudy
1015 31.2 N.D. N 6.0 P. cloudy
1230 32.4 58 N 7.0 P. cloudy
'1330 32.6 N.D. N 8.0 P. cloudy

RH = Relative humidity.
N.D. = No data available.
P. cloudy = Partly cloudy.
-- = No plot sprayed.
Tr. rain = Trace of rain.
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avoid interplot contamination through drift. Although the spraycards were
used during each pesticide application, the deposition of two chemicals

(carbaryl and 1ambda-cyha10thrin) was faint or ephemeral, and accurate

readings uf droplet density and droplet size were not possible. Magnesium

oxide-coated slides were used for the lambda-cyhalothrin application and

were returned to the manufacturer for evaluation.

As in the Mali trials, the chemicals producing the most readable

deposits on the oil-sensitive spraycards were fenitrothion, malathion,

chlorpyrifos, and bendiocarb (see Figure 5-2). As expected, the

depositions of fenitrothion and malathion were best represented on the

cards. Analyses of the droplet densities on each of the nine cards placed

on each plot (taking three replicate counts per card) produced 27 density

measures per c~em1cal. For fen1trothion, the mean droplet density was 7.8
drops/cm

2
. For malathion, the droplet density was 22.6/cm

2
, only 2.5%

greater than that expected for malathion given its 2.8-fold higher

application rate. This remarkable agreement between the deposition

observed for fen it roth i on and that obs(~rved for ma 1ath ion i nd i cates that

the application results achieved by the Agtruck (fenitrothion) and by the

Antonov (malathion) were indeed equivalent. The relatively low

coefficient of variation of 34% obtained from the droplet counts for these

pesticides also indicates that the application was uniform across the

plots.

The spraycards exposed during the bendiocarb application were

somewhat more difficult to read, but they recorded a mean droplet density
2

of B.O/cm, only 15% less than that expected from the results of the

fenitrothion cards. Chlorpyrifos. however, prod~ced very faint marks on

the spraycards, and although the cards were readable, the droplet counts

are undoubtedly an underestimate. The mean droplet density obtained from

the chlorpyrifos deposition was 4.6/cm
2

, or 43% below the expected
number.

However, although the droplet size produced by the Micronair atomizer

is also a function of airspeed, flow rate, and the physical properties of

the formulation, the adjustment of the cage revolutions per minute is the

major means of regulating the droplet size produced for a given

application. It ',.,as decided that a constant monitoring of rpm during
application was preferable to attempts to assess droplet-size spectrum on
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Figure 5-2. Examples of readable deposition on spraycards following the
application of four ULV pesticides.
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the deposition cards. The desired rotational speed of 6000 rpm was
selected based on previous experience and the consensus of Micronair and

chemica1 company representatives, As stated in section 5.3.3, the

recorded rpm count for Agtruck appl :cation remained near 6000.

Measurement of the droplet-size spectrum in the field is extremely

difficult because of various factors, including the following: (1) the

loss of the fine particle fraction due to drift; and (2) the variability

in the stain s1ze spread factor among the different formulations. Based

on estimates from tests with the laser Particle Measurement system at the

University of California-Davis, droplet sizes of approximataly 150 microns

volume median diame1:er (VMO) are to be exoected under the conditions

existing during these trials.

5.4 PRESPRAY AND POSTS PRAY SAMPLING

5.4.1 Replication and Controls

As Jescr~bed in the Sudan Technical Plan (Appendix T), the sampling

design for environmental impact assessment vias modified from the Mali

trials to provide both greater replication and more systematic comparison

with the controls. For each pesticide treatment, three replicate

treatment plots and one control plot were designated. In addition to

describing the natural population fluctuations of nontarget organisms

throughout the course of the tests, these control plots served as

simu'ltaneous checks for their respective set of treatment replicates. In

this way, the pesticide effects on treatment plots could be adjusted for

contro1 of abundance 1eve1s without tempora 1 confoundment. The vari at ion

in habitat among plots was controlled across treatments through the usual

random assignment of treatments to replicate plots within the study area

(section 5.2.2). While the vegetation differed ~ubstantial1~ among plots,.
no bias could be discerned from an evaluation of the habitat !larameters

within individual plots (section 5.2.3).

While the test design included the usual pattern of repeated

posttreatment sampling (at different times postspray), an equally extensive

preliminary (or prespray) sampling wa~ added. Samples were taken at 1

day, 4 days, and 7 days posttreatment so that the immediate effects of the

pesticides, as well as the persistence of these effects, could be
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measured . This time frame was chosen because the Mali results indicated

that the acute effects would be decreasing through the first week

posttreatment. and that many insect groups would likely be rebounding by

day 7. However. it was anticipated that these posttreatment samples might

have to be combined and compared to a pooled measure of abundance for

pretreatment samples. both because insect populations are notoriously

variable and because any effects on bi res "Jere expected to be quite

subtle. Therefore. the equivalent prespray periods were sampled (-8 days,

-5 days. and -2 days). In this way. each treatment and control plot was

sampled six times (additional pretreatment samples were conducted on the

malathion and carbaryl plots because of delays in application). For the

pitfall and stic~;y board sampling methods. 3-day capture measures

(requiril1g two visits per sample) were used, thus prociucing only four

samples per plot.

5.4.2 Bird Transects and Carcass Searches

On each pre- and posttreatment sampling day. two 300-m transects were

wa 1ked and all bi rds observed wi th i n 50 m were recorded. The

identification to species and the location along the transect 'rJere noted

for each individual bird. If a bird could not be identified to species,

but its general characteristics were visible. then a designation as to

whether the bird was an insectivore. a granivore. or a predator was made;

other birds were classified as unknown. These unidentified birds made up

less than 5% of all observations.

The two transects were arranged ina "VII with its vertex at the

plot1s center and with the directions selected at random so that no

transect pair formed an angle of less than 90° (Figure 5-3). Each

transect was marked with numbered flags at 25-m intervals so that the same

transect coul d be wa 1ked on each samp1i ng day. The observer stopped Jt

each of the 12 flags and visually searched the 50 m on each side. All

bi rds seen by the observer e"ither after he had stopped or whi le he was

wa 1king were recorded. The maj ori ty of the bi rd counts were performed

before 1300 h. when bird activity was the greatest. For each treatment.

the replicate plots were sampled in random order. often with two sampling

teams operat i ng together so that no same-treatment samples had to be

carried ove," to the next day.
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Figure 5-3. Dimensions of typical test plot (100 ha) for environmental
impact.
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The bird transect counts were conducted at 8 days, 5 days, and 2 days
pretreatment and at 1 day, 4 days, and 7 days posttreatment. During each

transect walk, a 20-m width of ground adjacent to the transect was

simu<ltaneously searched for vertebrate carcasses. In addition, same-day

(O-day) carcass searches were done 6 ~ours after pesticide application in

conjunction with the O-day soil and grass residue sampling, The total

search effort on ~osttreatment plots amounted to 85 ha of ground examined

during 144 carcass searches.

5.4.3 Flying Insect Traps

To sample the assemblage of flying insects that inhabited the test

plots, five 10- by 20-cm sticky boards were placed at the center of each

plot for 3-day capture ~ntervals. Four yellow sticky traps and one white

sticky trap were arranged vertically on poles at the height of the

surrounding vegetation and folded so that both sticky sides were

perpendicular to the wind (one windward and the otht!f leeward). Each

sticky trap was collected after being on the plot for 3 days. For

preliminary sampling, two flying insect samples were collected: (1)

insects trapped on the sticky boards B to 5 days before treatment; and (2)

insects trapped J to 2 days before treatment. Similarly for posttreatment

sampling, insects were trapped from 1 to 3 days and from 4 to 7 days after

spraying. Again, for the malathion and carbaryl treatments additional

preliminary samples were taken because of the delay in the pesticide

application.

Yanda 1ism by the 1oca 1 inhabitants and damage from goats brows i ng on
the sticky boards reduced the number of replicate traps on some plots.

Few traps were mi ss i ng, but severa 1 were found on the ground. Because

these traps were not available for trapping flying insects for the full 3

days, they were excluded from the primary analysis. Upon collection,

every trap was frozen to kill the captured insects and to preserve them

for later counting and identification. Approximately two-thirds of the

sticky traps were counted at the test site, and the remainder were counted

after shipment back to Dynamac headquarters in Maryland. Each individual

arthropod (spiders as well as insects "Jere captured) was identified to

taxonomic order, and the total for each order was recorded for each sticky
trap. Although further identification, especially to species, is very

difficult for animals enmeshed in this glue, all the sticky traps ,remain

stored at Dynamac for later reference, if necessary.
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5.4.4 Plant-Dwelling Insect Sweep-Netting

To capture plant-dwelling insects and spiders, sweep samples of 100

sweeps with a 40-cm diameter insect net were conducted within a grassy

area near the center of each plot. Even sweeps ac ross the top 0.5 m of

the grasses were made, and all the captured arthropods were transferred to

labeled jars. Sweep samples were collected during each plot visit for a

minimum of six samples per plot. Each plot was sampled at 8 days, 5 days,

and 2 days pretreatment and at 1 day, 4 days, and 7 days posttreatment.

Each sample jar was frozen upon return to the camp to kill the

predatory spec i es and to preserve the contents unt il ana', ys is. Wh il e in

CJmp, every sweep sample was counted with each ind'ividual arthropod

identified to order. The contents of each sample were then preserved in

alcohol for shipment to the United States. These sweep samples are
currently being cataloged in the invertebrate collections of the National

Museum of Natural History (NMNH) of the ~mithsonian Institution in

Washington, DC. As family, genus, and species identifications are

determined by the museum staff, they will be sent to Dynamac for

incorporation in later reports as appropriate.

5.4.5 Ground-Dwelling Insect Pitfall Traps

To capture ground-dwell i ng insects, spi ders, and other an ima 1s, 25

pitfall traps were placed in a 5- by 5-m grid at the center of each plot.

Each pitfall t~ap consisted of a 200-mL plastic cup inserted into the soil

so that the lip of the cup was flush with the ground. A small flag was

placed next to each pitfall trap to enable easy recovery of the cups, even

in tall grass. Each pitfall was pl'- place for a 3-day period to

capture animals walking across the sudace during both the day and the

night. No killing fluid was used t.ecause it might have evaporated, caused

avoidance, or presented a hazard to the human or livestock populations.

Therefore, these pitfails sampled only animals that could not crawl out of

the cups.

The 3-day captures of insects were collected from each pitfall and

placed in labeled jars at 5 days and 2 days pretreatment and at 4 days and

7 days posttreatment. As with the sticky traps, the full 2-week period (1

week before and 1 week after) was sampled, but with two collectlons rather

than the three used for the sweeps and the bi rd transects. Three-day

capture samples wer,= used to reduce the number of zeros in the data and to

decrease its overall variability.
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As the samples were co11 ected from the cups, the number of i "tact
(i .e., functional) pitfalls was recorded. Therefore, although many cups

were stolen by the local inhabitents or destroyed by grazing livestock, a

per cup capture statistic could be determined to maintain comparability

among plots. As with the othe~ insect samples, the jars containing the

pitfall samples were frozen upon return to camp and analyzed when time

permitted. Because the majority of individuals captured in the pitfalls

were hard-bodied beetles, a pinn~d collection with temporary species

designations was possible. Each beetle collected was thus identified as

taxon A, etc., so that their subsequent species identifications could be

added. Arthropods other than the beetles, principally spiders, were

preserved in alcohol for shipment to the United states. This collection

was also donated to the NMNH-Smithsonian Institution as a reference

co 11 ect ion.

5.4.6 Bird and Mammal Captures for Chemical Analysis

In addition to the use of transects for bi rd counts and carcass

searches, individual birds and rodents were co1'1ect'~d for chemical

analyses to determine the degree of their exposure to the aerial

pes tic i d~s. On the day fo 11 owi ng treatment, two or three l2-m mi st nets

were set up near the center of bach replicate plot. During the course of

approximately 2 hO..Jrs, one to four birds were captured and sacrificed on

each plot. Only birds from common species were taken so that adequate

control birds from the same species could be obtained. Each bird was

wrapped in aluminium foil and placed in a labeled plastic bag. In areas
several kilometers from the test site, unexposed birds from the same

species as those captured on the treatment plots "'Jere captured in mist
nets and preserved as species-specific controls for cholinesterase

analysis.

A1so on the day fo 11 owi ng treatment, ei ght snap traps were placed

near the pitfall grid on each plot. The traps were baited with bread and

peanut butter. Three days later, the snap traps were collected and all

rodent captures were wrapped in foil and placed in labeled plastic bags.

Every vertebrate sample was frozen on return to camp and maintained

with the soil and grass residue samples for transport to the analytical
laboratory in Miami, Florida. The brains of the birds were removed for

measurement of cholinesterase activity; whole-:-body homogenates were used

to determine pesticid~ residue levels for both the b1rds and the rodents.
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5.4.7 Soil and Grass Sampling for Residue Analysis
Duplicate samples of soils and forage grasses were taken at regular

intervals after pesticide application. Each plot was sampled at points

along an i1X" drawn through the 1.4-km plot diagonals. Each diagonal was

sampled at the center and at two equidistant points along eac.h arm to

produce five samples that were combined in a single bottle. The other

diagonal was sampled similarly for two replicate samples per plot. In

addition, every sampling operation was duplicated so that separate

analyses could be conducted in Sudan as well as by a U.S. laboratory.

To collect soil, hand trowels were used to remove a 2-cm-deep section

of topsoil. The soil was placed directly into glass bottles and capped

with Teflon lids. To collect grasses, 20 cuttings of lO-cm-wide bunches

were made at 5 em above the ground using grass shears. The cuttings were

recut as necessary to fit in glass bottles. All samples were kept in an

insulated chest until frozen 1 to 3 hours later. Plastic gloves were worn

during all phases of the operation and discarded after use. Hand trowels

and grass shears were washed after each rep 1il:at ion. Pretreatment samples

were taken from each treatment plot to establish a baseline residue

concentration. Samples from treated plots were taken on the day of

application (6 hours posttreatment), 1 day posttre~tment, and 7 days

pos ttreatment. Untreated soil samples (200 g) were spi ked with 1 mL of

each pesticide formulation diluted in 50 mL of acetone.

Two separate shipments were flown directly from the Tokar camp to

Khartoum. In Khartoum, the samples were stored in freezers at the

AID/Sudan warehouse. On April 28, all Dynamac samples of soil, grass, and

animals were packed in 400 kg of dry ice and airshipped through London to

Miami. Every sample was kept frozen in a freezer or insulated chest

during storage and transport.

All samples except the birds were retrieved at the airport and

deposite,d still frozen into freezers at the Miami laboratory. Due to the

lack of a USDA quarantine permit, the bird samples remained in customs for
1 week, but they were kept frozen through the replenishment of dry ice.

These samples were then moved to the laboratory on March 9. A choin of

custody was maintained throughout the transfer from field site to

analytical laboratory.
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The University of Miami Department of Epidemiology and Public Health
Laboratory (HRS No. E1607l) is a Florida-certified environmental

analytical laboratory that participates in the EPA/Cincinnati Quality

Control (QC) Program administered through Florida Health and

Rehabilitative Services (HRS). This program requires that QC samples be

sent for analysis four times each year to maintain certification. Miami

also has a Quality Assurance Plan registered with the Florida Department

of Environmental Resources. The laboratory follows the U.S. Environmental

Protection Agency IIManual of Quality Control for Pesticides in Human and

Environmental Media ll and follows EPA-approved storage, preparation, and

analysis methods. See Appendix M for a description of the extraction and

gas-liquid chromotography techniques used.

Approximately 10% of all samples analyzed were QC samples prepared by

adding a known amount of pesticide (spike) to a portion of the IIPRE"

sample after a different portion of the IIPRE II sample had been analyzed and

determined to be pesticide free. The spiked IIPRE II samples were then

extracted and analyzed in the same manner as the other samples. Since two

samples were taken from the same field on the same day, only a few

duplicate (from the same container) samples were analyzed. The IIPRE"

samples were used as sample blanks, negating the need for reagent blanks.

All data are reported as determined. No corrections were made for

recoveries.

5.5 IMPACTS ON BIRDS

5. 5. 1 0i rec t Mo rta 1ity

No dead or injured birds were seen on the 72 transect counts

conducted on plots during the first week posttreatment, and none were
observed during th~ 6-hour postspray residue sampling done on each

treatment plot. The only possible evidence of a bird fatality was the

record of two dozen qua il feathers collected on plot 2E one day after

treatment. These feathers were very 1ike1y the result of a predatory

event where the quai 1 mayor may not have been affected by the pesticide

treatment. It should be noted that the fenitrothion residue found on the

feathers was 24.9 ppm, roughly 100 times that found on the live birds

collected for cholinesterase and residue analysis.
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While no conclusion can be drawn from the isolated quail example, the

absence of any carcasses over the entire 85 ha of carefully examined

ground is strong evidence that direct mortality did not result from any of
the six pesticide applic3tions. 8ecause many of the birds observed on the

test plots can travei beyond the lOO-ha boundaries of a single plot,

attribution of individual fatalities to a specific pesticide treatment

would have to be confirmed by residue and cholinesterase analysis.

However, since no dead or debili tated bi rds were observed over the ent ire

plot area of 24 km
2

, the conclusion that no direct mortality resulted
from any of the pesticide applications is robust. Because no carcasses

were found, a test of carcass searching efficiency was not performed. It

should be noted, however, that the flat savannah envi ronment of the test

site is one of the more easily searched habitats. It is unlikely that

every carcass would be missed in a comprehensive search of a savannah

environment.

5.5.2 Cholinesterase Inhibition and Residue Analyses

Brain cholinesterase activity and whole-body pesticide residue

analyses were conducted on 15 control birds and 35 exposed birds collected

from the study area (Table 5-4). The control birds were collected from

unexposed areas near the test site and were designated as species-specific

controls for the weavers, wagtails, and larks captured on the test plots.

Seven enzyme activity measurements were obtained from the weaver controls

for a baseline cholinesterase level of 24.5 lImoles/minute/gram (standard

deviation (SO) = 2.9). Only two and three cholinesterase measurements
were obtained from the wagtail and lark controls, respectively. The

baseline cholinesterase levels were 19.1 (SO = 0.0) for wagtails and 15.5

(SO = 1.9) for larks.

None of the specimens collected exhibited a 50% or greater depression

in cholinesterase activity compared to controls. This level of

cholinesterase inhibition was observed in two carbaryl-exposed birds

dur'ing the Mali trials and is the level commonly used as an indicator of

pestir.ide-related death when obtained from a bird carcass. Because the

degrees of inhibition obtained from these trials were relatively small and

the sample sizes for most comparisons were also small, it was difficult to
demonstrate statistically significant differences between exposed and

control birds. In fact, only with carbaryl, malathion, and chlorpyrifos

were the mean cholinesterase levels of pesticide-exposed birds lower than
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"Tab' eAt 5-4. Pesticide Residue Levels (ppm) and Brain Cholinesterase (ChE) Activity
of Birds on Plots Receiving Single Aerial Applications of UL~

Pesticide~

Pesticide

Chlorpyrifos
Chlor~,!rif05

Cr, 'JrO'jri fas
:~:rjr:J:!ri;os

ren'trlJthian
cenitrot'"1ion
cen i traU, i on
Fenitrothion
Fenilrothion
;~alathion

i-lalathion
Malathion
ila13thiol1
Malathion
Malathion
Malathion
Carbaryl
Carbaryl
Ca rba ry 1
Ca rba r'j 1
Carl'~ryl

Carbaryl
Carbaryl
Carbaryl
Ca rba ry 1
Carbaryl
Ca rba ry 1
Carba ry 1
Carba ryl
Bendiocarb
Bendiocarb
Control
Control
Control
Control
Control
Contro1
Control
Control
Control
Control
Control
Control
Control
Control
Control

Sample

0201
0202
0203
0205
1202
1203
1204
1205
1205
4201
4202
4203
4204
4205
4206
4207
5201
5202
5203
5204
5205
5206
5201
5208
5209
5210
5211
521 ;~

5213
3201
3204
9201
9202
9203
n04-A'
9205
9206*
9201
9208
9210
9211 *
9212
9214*
9215
9216
9211

Plot

i3E
,3E
i 3E
1 2':;

.', ..
11 1,6J

11\'1
13\.;
13\'J
51J
5~oJ

5W
8W
12E
12E
l2E
lW
lW
lW
lW
1W
4£
4£
4E
4£
4£
6£
6£
6E
3E
10E

SDecies

'.-Jagta i 1
.-Jag':.a i 1
,·;aqta i ~

..:cj'~ ta 11

... C1'~ ta i I
a rt~

~ a rk
finch
fine h
~iea ve r
'.oJeaver
'.-Jeaver
1ark
ItJeaver
'.-Jea ver
weaver
I.-Jagta i 1
wagtail
'.-Jagta i 1
weaver
weaver
weaver
weaver
weaver
weaver
weaver
weaver
'",eaver
weaver
weaver
wagta i1
weaver
weaver
weaver
weaver
weaver
weaver
weaver
weaver
weaver
weaver
wagtal1
lark
lark
lark
wagtail

22.36
1.\ . 17
21 ,06
~ 6 , 19
22.88
17 .42
13.52
23.79
24.70
27.69
26.26
18.85
'4.04
26.13
18.46
23.92
18.59
23.79
14.95
21 .31
18.0'1
16.38
21 . 19
21 .97
19.89
21.32
21 . 19
28.73
20.15
26.26
24.57
21.06
29.38
21 .58
13.91
25.61
20.28
23.01

, 26.52
24.31
18.58
19. 11
15.21
11.55
13.18
19. 11

~ Oeoression b

0.0
26.0
0.0

1 5.3
0.0
0.0

12.8
2.9
0.0
0.0
0.0

23.1
9.4
0.0

24.7
2.4
2.7
0.0

21 .8
13.0
26.2
33.1
13.5
10.3
18.8
13.0
13.5
0.0

17.8
0,0
0.0

:<esidue

0.839
0.20';
C.3~9

oj • .:.: S
"1 ~,-

v • _ tl I

J. ; 67
'I. J. « 0 . 02)
O. G17
0.019
1.740
0.009
0.010
0.114
0.013
0.011
N, D. «0.01)
0.18
4.85
0.0'0
1.40
N. D. «0. 045 )
0.63
0.12
N.D. «0. 045 )
N.D. «0.045)
N. D. «0.045)
0.13
N.D. «0.045)
2.33
N.D. «0. 1)
N. O. «0.1)
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
0.012c
N.D.
N.D.
N.D.

aCholinesterase activity in ~moles/9ram/minute.

bOepression of brain cholinesterase activity as a percent of the average value
for untreated birds of the same species.

CControl birds were analyzed for contamination with organophosphorus compounds.
A small chlorpyrifos residue was found on sample 9214.

N.D. • No residue detected at the level of detection indicated.
*Samples having an unidentified phosphorus response were not included in the
calculations. 5-25



their respective controls. In 11 of the 13 carbaryl-exposed birds, the

cholinesterase levels were depressed, and in the malathion- and

chlorpyrifos-exposed birds only 4 of 7 and 2 of 4 were depressed,

respectively. The degree of cholinesterase depression in carbaryl-exposed

birds ranged trom 10 to 30%, with a mean of 17%. For carbaryl, a one·-way

analysis of variance confirmed that the cholinesterase levels 'in exposed

birds were significantly depressed as compared vJith controls (F l 15 0-,
5.16, P <0.05).

The correlation between cholinesterase activity and pesticide residue

level was not significant either for a1: exposed birds (p - 0.34) or for

all birds exhibiting depressed cholinesterase levels (p 0.19). This

supports the conclusion that cholinesterase inhibition was rare or absent

among the birds exposed to aerial applications of these pesticides.
However, carbaryl appears to have caused a moderate sublethal depression

in cholinesterase activity among weaver birds. The relative persistence

of carbaryl may result in continued inhibition for several days, but the

reversible nature of carbamate-induced cholinesterase inhibition argues

against a severe cumulative effect.

5.5.3 Abundance and Activity Change~

Bi rd abundance data from the 320 transect counts were ana 1yzed for

significant ditferences between pretreatment and posttreatment numbers.

Simultaneously, differences between the different pesticide treatments and

the controls were analyzed for statistical significance. In cases where

substantial mean dHferences in bird abundance were noted, a direct test

of the pre- and postspray change in treatment plot versus control plot

difference ~as performed using the Before-After-Control-Impact method

(Stewart-Oaten and Murdoch, 1986). In no case was the relationship

between treatment bi rd abundance and contro 1 abundance shown to change

after the aerial application of a pesticide. Tests were conducted on

tota 1 bi rd numbers, numbers of insect i vorous bi rds, numbers of predatory

birds, and number of granivorous birds (Table 5-5). In many cases, the

variation in the data exceeded the power of the test to determine

differences. However, no distinct trends were discernible in a visual

evaluation of the graphic results (~igures 5-4 and 5-5).

Although the difficulties in assessing bird abundances and bird

activity are considerable, the system used in this study provided a good

opportunity to uncover indirect mortality, changes in feeding patterns,
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Table 5-5. Number of Live Birds Observed on Replicated Transects (TR) During
Environmental Impact Field Trials in Tokar, Sudan

Day relating to tre3tment Posttreatment
B1 rd numerical change

Treatment Plot TR -8 -5 -2 +1 +4 +7 gui1d* per transect

Bendiocarb 10E NE a 23 2 10 8 5 INS -0.7
Bend10carb 10E NE 0 0 0 0 a 3 PREO 1-1 .0
Bendlocarb 10E NE 0 12 1 7 4 a GRAN -0.7
Bendiocarb 10E NE Q. lQ 4 ~ ~ _f. UNK +1 .0

a 45 7 24 20 10 TOTAL +0.7

Bend i oca rb 10E W 10 1 14 a 1 9 INS -5.0
Bendiocarb 10E W 1 a 2 4 4 3 PREO +-2.7
Bend10carb 10E W 4 a 0 2 5 11 GRAN t-4 . 7
Bendiocarb 10E W 45 2 ~ £ 12 -l UNK -J1.d

60 6 22 8 25 25 TOTAL -10.0

Bendiocarb 3E NE 2 3 5 5 8 0 INS +1.0
Bendiocarb 3E NE 3 0 1 2 1 2 PRED t-0.3
Bend10carb 3E NE 4 12 10 4 3 2 GRAN -5.7
Bendiocarb 3E NE Q. 4 _1 11 -l 11 UNK tA.3

9 19 23 22 14 15 TOTAL 0.0

Bendioearb 3E SE 5 0 5 20 5 0 INS +5.0
Bendiocarb 3E SE 0 1 3 3 0 0 PRED -0.3
Bendiocarb 3E SE 11 18 1 3 5 20 GRAN -0.7
Bendioearb 3E SE ~ -l ..1 11 -.2 1 UNK +4.7

16 21 18 45 15 21 TOTAL +-8. 7

Dendiocarb 8E E 2 2 1 1 45 0 INS +13.7
Bendiocarb BE E 0 0 1 3 0 0 PRED +0.7
Bendioearb 8E E 0 2 1 1 0 0 GRAN -0.7
Bend i oca rb 8E E 11 1 £ 11 -2 Q. UNK -1. 3

19 5 5 18 48 0 TOTAL +12.3

Bend10earb 8E N 3 133 2 0 14 0 INS -41 .3
Bend i oea rb BE N 1 0 1 2 0 0 PREO 0.0
Bendioearb 8E N 5 "j 0 4 1 0 GRAN -0.3
Bendioearb 8E N -.2 -~ 25 -.2. 40 Q UNK +5.3

14 134 28 12 55 0 TOTAL +36.0

Ca rba ry1 1W . W 41 34 69 67 26 INS +16.5
Ca rba ry 1 1W W 1 1 0 1 2 PRED 0.0
Carbaryl 1W W 0 0 5 6 0 GRAN -3.7
Carbaryl 1W W lQ ~ ~ ~ ~ UNK .+8.0

58 35 74 74 28 TOTAL +20.8

Carbaryl 1W S 115 34 31 1 21 INS -53.8
Carbaryl 1W S 1 1 1 0 0 PREO -0.7
C&rbaryl lW S 4 0 2 i 1 GRAN -0.7
Carbaryl lW S _1 .Jl .-J! 11 -.Q. .UliL- +3.2

121 35 34 13 22 TOTAL -55.0
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Table 5-5. (Continued)

Dav relating to treatment Posttreatment
Bi rcJ numerical change

Treatment Plot TR -8 -5 -2 +1 +4 +7 guild* per transect

Carbaryl 4E W 14 1 2 4 8 INS -2.8
Carbaryl 4E W 7 2 2 0 2 PREO -3.2
Ca rba ry 1 4E W 15 18 11 13 4 GRAN -7.2
Carbaryl 4E W __f- ~ _1 _0. _0. UNK _ .:.U

38 23 16 17 14 TOTAL --14.8

Carbaryl 4E S 3 i 4 4 8 INS +3.3
Carbaryl 4E S 4 2 1 1 0 PREO -2.3
Carbaryl 4E S 8 6 12 4 12 GRAN +-2.3
Carbaryl 4E S _2 -.1 ...Q -~ -~ UNK -hQ.

17 13 17 12 23 TOTAL +2.3

Car'ba ryl 01: SW 0 5 8 3 12 INS +2.2
Carbaryl 6E SW 0 1 0 0 0 PRED -0.5
Carbaryl 6E SW 11 15 9 2 5 GRAN -7.7
Carbaryl 6E SW 1 -.9. 1 Q ~ UNK .=U

18 27 18 5 17 TOTAL --9.2

Carbaryl 6E NE 2 6 3 11 1 INS +1 .0
Carbaryl 6E NE 0 1 0 0 1 PRED -0.2
Carbaryl 6E NE 2 0 0 3 1 GRAN +0.3
Carbaryl 6E NE Q Q Q _0. Q UNK 0.0

4 7 3 14 3 TOTAL +1.2

Ch 1orpyrHos 12W SW 38 16 18 3 9 2 INS -19.3
Ch 1orpyrH os 12W SW 1 1 0 0 0 1 PRED -0.3
Chlorpyrifos 12W SW 4 0 0 1 3 2 GRAN +0.7
ChlorpyrHos 12W SW -_0. 0 ~ -.1 13 1 UNK +6.3

43 17 18 9 25 6 TOTAL -12.7

Chlorpyrifos 12W NE 6 16 25 0 8 3 INS -12.0
ChlorpyrHos 12W NE 0 ('\ 0 a 2 1 PRED +1.0
Chlorpyrifos 12W NE 3 0 a 0 4 1 GRAN +0.7
ChlorpyrHos 12W NE Q 6 a 0 ...Q ~ UNK -1.0

9 22 25 0 14 8 TOTAL -IT":3

Ch 1orpyrH os 13E E 13 10 7 13 0 5 INS -4.0
Chlorpyrifos 13E E 0 3 0 1 2 0 PRED 0.0
Ch10rpyrifos 13E E 0 0 0 2 0 2 GRAN +1.3
Chlorpyrifos DE E ...Q --.1 Q. ...Q ~ -l UNK -0.3

13 22 7 16 7 10 TOTAL -3.0

Ch 1orpyr1 fos 13E S 16 5 18 6'1 19 6 INS +15.7
ChlorpyrHos 13E S 0 0 0 3 0 1 PRED +1.3
Chlorpyr1fos "13E S 0 0 0 0 0 5 GRAN +1 .7
ChlorpyrHos 13E S 0 5 ...Q a 7 _1 UNK +1.0

16 YO 18 64 26 13 TOTAL +19.7
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Table 5-5. (Continued)

Dav relating to treatment Posttreatment
Bi rd numeriral change

Treatment Plot TR -8 -5 -2 +1 +4 t-7 guild* per treatment

Ch 1orpyrifos 9W S 15 3 16 16 4 3 INS -3.7
Chlorpyrifos 9W S 2 2 0 1 1 0 PRED --0.7
Ch 1orpyrif os 9W S 8 1 4 2 3 3 GRAN -1. 7
Chlorpyrifos 9W S 0 Q ~ iQ 45 11 UNK 1-45.3

25 6 20 69 53 47 TOTAL +39.3

Chlorpyrifos 9W W 34 9 23 3 0 3 INS -20.0
Chlorpyrifos 9W W 0 1 0 0 1 0 PRED 0.0
Chlorpyrifos 9W W 0 0 0 0 0 3 GRAN +1.0
Chlorpyrifos 9W W ~ ~ ~ ~ ~ 1 UNK _ t-19.0

34 10 23 3 57 7 TOTAL 0.0

FenHrothion llW ~JW 3 0 9 36 26 28 INS +26.0
Fenitrothion 11W NL~ 1 1 3 1 0 0 PRED -1. 3
Fenitrothion 11W NW 1 2 15 18 1 6 GRAN +2.3
Fenitrothion 11W NW Q _Q _\2 -2. 4 _Q UNK +3.3

5 3 27 61 31 34 TOTAL 1-30.3

Fenitrothion 11W S 82 1 2 17 0 0 INS -22.7
Fenitrothion 11W S 0 0 1 2 0 0 PRED +0.3
Fenitrothion 11W S 1 3 0 2 1 0 GRAN -0.3
Fenitrothion 11W S ..-Q 1.2 Q -l. II Q UNK -15.0

83 79 3 24 28 0 TOTAL -37.7

Fenitrothion 13W N 6 5 46 7 0 5 INS -15.0
Fenitrothion 13W N 0 0 1 0 2 0 PRED +0.3
Fenitrothion 13W N 1 5 1 6 0 4 GRAN +1.0
Fenitrothion 13W N Q 0 ~ ~ 5 3 UNK +2.7

7 iO 48 13 7 12 TOTAL -11 .0

Fenitrothion 13W W 7 36 59 13 3 0 INS -28.7
Fenitrothion 13W W 0 0 0 1 2 0 PRED +1.0
Fenitrothion 13W W 2 0 0 14 0 0 GRAN +4.0
Fenitrothion 13W W Q -l. ~ 11 Q. 0 UNK +5.0

9 38 59 45 5 (5 TOTAL -16.7

Fenitrothlon 2E W 6 18 5 35 24 29 INS +19.7
Fenitrothion 2E W 2 13 6 2 3 5 PRED -3.7
Fenitrothion 2E W 9 6 7 2 2 2 GRAN -5.3
Fenitrothion 2E W ~ l.Q. -l. ~ -l .?.l UNK ±3.0

17 53 21 39 36 57 TOTAL +13.7

Fen itrothi on 2E S 6 5 1 16 15 7 INS +8.7
Fenitroth1on 2E S 12 1 1 0 2 6 PRED -2.0
Fenitroth10n 2E S 2 1 3 1 0 2 GRAN -1.0
Fenitroth1on 2E S 0 0 1 0 4 4 UNK +2.3

20 "7 6" rr 2T 19 TOTAL +8.0
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Table 5-5. (Continued)

Day relating to treatment Posttreatment
Bi rd numerical change

Treatment Plot TR -8 -5 -2 +1 +4 +-7 gui1d* per treatment

L-cyha1othrin 2W NW 8 3 9 30 8 16 INS +-11.3
L-cyhalothrin 2W N~.J 2 5 2 2 2 4 PREO -0.3
L-cyha1othrin 2W NW 1 1 2 1 3 8 GRAN +-2.7
L-cyhalothrin 2W NW _Q -f. ~ .-Q _Q .-Q UNK -0.7

11 11 13 33 13 28 TOTAL 1-13.0

L.-cyha1othrin 2W NE 10 5 11 53 5 15 INS +15.7
L-cyha1othrin 2W NE 1 6 0 1 0 2 PREO -1. 3
L-cyha1othrin 2W NE 3 8 0 1 0 0 GRAN -3.3
L-cyha1othrin 2W NE _Q _1 _1 .J2 0 4 UNK ±0.7

14 20 12 55 5 21 TOTAL +11. 7

L-cyhalothrin 4W N 16 3 2 7 2 4 INS -2.7
L-cyhalothrin 4W N 1 1 1 1 0 2 PRED 0.0
L-cyhalothrin 4W N 3 0 0 0 0 0 GRAN -1.0
L--cyhalothrin 4~v N 0 l 16 1 1- 1 UNK -4.3

20 7 19 9 6 7 TOTAL -8.0

L-cyhalothrin 7W NE 2 77 54 8 14 3 INS -36.0
L-cyhalothrin 7W NE 0 0 1 3 1 0 PREO +1.0
L-cyhalothrin 7W NE 8 4 0 1 4 1 GRAN -2.0
L-cyhalothrin 7W NE .J2 -M! -1 35 .J2 Q. UNK _ -=-_8.0

10 131 64 47 19 4 TOTAL -45.0

L-cyhalothrin 7W S 2 26 10 11 0 0 INS -9.0
L-cyhalothrin 7W S 0 4 1 2 0 0 PRED -1.0
L-cyhalothrin 7W S 0 1 2 32 0 0 GRAN +9.7
L-cyhalothrin 7W S f. ...Q ~ -l Q Q UNK =.Ll

4 31 19 48 0 0 TOTAL -2.0

Malathion 12E S 3 6 6 8 1 INS +0.5
Malathion 12E S 0 0 0 0 0 PRED 0.0
Malatnion 12E S 1 11 1 1 7 GRAN -3.0
Malathion 12E S 1 _1 Q Q 1 UNK -0.7

5 18 7 9 9 TOTAL -3.2

Malathion 12E E 1 3 5 18 1 INS +6.0
Malathion 12E E 0 ') 0 0 0 PREO -0.5
Malathion 12E E 2 4 5 0 1 GRAN +0.7
Malathion 12E E l -.1 .J2 .J2 Q UNK =.3.5

6 12 11 18 2 TOTAL +1.3

Malathion 5W S 5 2 28 10 4 INS +10.5
Malathion 5W S 1 1 0 1 0 PRED -0.7
Malathion 5W S 1 2 0 2 2 GRAN -0.2
Malathion 5W S Q .J! _1 _l Q UNK -2.7

7 13 29 16 6 TOTAL +7.0
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Table 5-5. (Continued)

Day relating to treatment Posttreatment
Bi rd numerical change

Treatment Plot TR -8 -5 -2 +1 +4 +7 guild* per transect

Malathion 5W W 4 14 33 6 5 INS +5.6
Malathion 5W W 1 1 3 0 0 PREO 0.0
Malathion 5W W 0 0 3 6 1 GRAN +3.3
Malathion 5W W f- a a a 3 UNK 0.0

7 15 39 12 g- TOTAL +9.0

Malathion 8W ~.oJ 9 0 4 3 16 INS +3.2
Malathion 8W W 0 4 0 1 a PRED -'1.7
Malathion 8W W 4 2 4 2 4 GRAN +0.3
Malathion 8W W --f. 2 a Q a UNK -2.0

15 8 8 6 :>0 TOTAL -0.2

Malathion 8W N 3 7 8 11 13 INS +5.6
Malathion 8W N a 2 1 0 0 PRED -0.7
r'.alathion 8W N 1 1 2 0 1 GRAN 0.0
Malathion 8W N Q 2 .J! --.Q --.Q illiL_ .:_1 .0

4 12 11 11 14 TOTAL +4.0

Abbreviations:

INS = Insectivorous birds; PREO = predatory birds; GRAN = grani vorous birds;
UNK = unknown.
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and abnormal individual behavior. In observations of over 5000 individual

birds from 56 species, no instances of flight impairment or unnatural

behavior were observed. This includes cases of birds observed in the

spraypath and those known to have rece'i ved di rect exposure to the Ul.V

pesticides. Although migratory species were present and considerable

movemenL within and among plots undoubtedly occurred, the use of marked

transects for replicate counts before and after pesticide treatment

increased the likelihood of recording accurate numbers of nesting birds,

especially weaver species. Unfortunately, the timeframe of this study did

not permi t the measurement of reproduct i ve paramet~rs. However, the sub­

st.antial data obtained on species presence and relative abundances in the

Tokar Delta should provide a valuable resource for future impact

assessments. Figure 5-6 demonstrates both the magnitude of the avian

contribut'ion to this ecosystem and the variability of bird numbers with

time.

5.6 IMPACTS ON NONTARGEI AR1HROPODS

5.6.1 Results----
Between March 2 and Apri 1 12, 705 separate samples of the arthropod

fauna were collected. This total included 84 pitfall 'iamples (grid totals

measured as per cup captures), 92 sticky-trap samples (plot totals

measured as per board captures), and 152 sweep-net samples (one collection

per plot visit). From these samples, a total of 44,093 individual

arthropods were identified to taxonomic order and counted. Spiders

constituted 3.7% of the total, with the remaining 96.3% divided among

eight orders of insects. The thrips, or Thysanoptera, made up 64.1% of

the individuals counted, with the other orders constituting less than 10%

each. When the Thysanoptera were excluded, the remaining eight orders of

arthropods showed relative abundances as follows: true flies (Diptera)

23.9%, leafhoppers and aphids (Homoptera) 21.0%, true bugs (Hemiptera)"

17.1%, beetles (Coleoptera) 13.9%, bees and wasps (Hymenoptera) 12.4%,

spiders (Araneae) 10.3%, grasshoppers and crickets (Orthoptera) 0.9%, and

butterflies and moths (Lepidoptera) 0.6% (Figure 5-7).

Although the quantity of data obtained from the samples was quite

large (29,243 individual arthropods pretreatment and 14,850

posttreatment), the complexity of the design necessitated that each

comparison be evaluated for confounding factors. To do this, the data set
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was dissected into units defined by a single chemical, sample type, and
arthropod order. The experimental trials were designed so that each of

these 180 smaller data sets would contain both three replicate treatment

plot.s and a simultaneous control plot, with values for a minimum of two

pretreatment and two posttreatment sample periods per plot. No data \-Jere

shared across units; t.herefore, each data set. wa~ statistically

independent. Not surprisingly, the vagaries of field data collectlon

resulted in missing values for some data sets, so that valid compar"isons

could not be made in all cases. However, in most cases one of the three

sampling techniques provided adequate number:; for each chemical to be

evaluated for its effect on that order of arthropod.

Because of the naturally high variability in the distribution and

abundance of terrestrial arthropod populations, all data were evaluated in

the context of control values that were collected at the same time as each

treatment sample. Preliminary graphical comparisons and an overall

analysis of variance were used to identify trends in control values with

time. The direction and magnitude of changes in arthropod abundance on

controls were noted, and significant differences between contr01 values

and groups of treatment va 1ues were recorded. In genera 1, the control

values did not exhibit strong upward or downward trends with time, but did

show considerable fluctuations on a daily basis (Figures 5-8 and 5-9).

For this reason, subsequent analyses were done for time-averaged values

covering two to three sample periods. This procedure likely obscured the

most severe reductions in abundance often occurring at day

pos ttrea tment. However, it provi ded a reasonab 1e and conservat i ve method

of demonstrating pesticide-induced reductions in arthropod abundance.

The statistical technique used was the Before-After-Treatment-Control

(BAC!) procedure (Stewart-Oaten and Murdoch, 1986), which determines the

significance of the changes (p <0.05) in the treatment-control

relationship when compared before and after treatment. While abundant,

two orders, Thysanoptera and Hemiptera, were too variable for confident

conclusions as to pesticide effect. Two other orders, Orthoptera and

Lepidoptera, were too rare for an adequate comparison of effects among all

the pest i c i de treatments. However, sign if i cant red/Jct ions in Orthoptera

numbers did occur following treatment with the test standard organo­

phosphorus chemicals malathion and fenitrothion. Lepidopcera numbers were
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significantly reduced following treatment with the organophosphorus

compounds malathion and chlorpyrifos. For the remaining five orders, a

minimum sample of 100 individuals was collected pretreatment and, therefore,

a redsonable comparison of effect among all six pesticides could be made.

The numbers of Hemiptera, Hymenoptera, and I\raneae were each

signif"icantly (p <0.05) reduced by four pesticides, including at least one

of each of the three chemical classes: organophosphorus, carbamate, and

pyrethroid (Table 5-6). The average reduct·ions in arthropod abundance

(calculated for the full 7-day posttreatment period), given as the change in

percentage of control values, were 77.8% for Hemiptera, 69.8% for

Hymenoptera, and 61.6% for I\raneae. The abundance of both Hemi ptera and

I\raneae was affected by the test standard organophosphorus compounds

malathion and fenitrothion; the carbamate carbaryl; and the synthetic

pyrethroid 1ambda-cyha10thrin. While neither test standard significantly

reduced Hymenoptera numbers, the third organophosphorus compound,

ch1orpyrifos, and the second carbamate, bendiocarb, demonstrated an effect.

Three pesticides significantly reduced the numbers of Coleoptera and

Diptera, with only bendiocarb affecting both orders. The average percent

reduction was 68.7 for Coleoptera and 59.2 for Oiptera.

The pyrethroid lambda-cyhalothrin produced a significant reduction in

four of the five arthropod orders; malathion, fenitrothion, bendiocarb, and

carbaryl produced reductions in three orderc; each; and ch1orpyrifos produced

reductions in two nr':!ers (Table 5-6). The average percent reductions

adjusted for controls followed the same pattern, with a 76.2% reduction for

lambda-cyhalothrin, 11.2% for malathion, 70.1% for fenitrothion, 68.3% for

bendiocarb, 59.5% for carbaryl, and 54.2% for chlorpyrifos. The variability

of the data does not permit a determination of significant differences among

the magnitudes of these reductions in "lrthropod numbers. Nonetheless, the

presence and absence of effects on specific orders gives an indication of

the range of possible impacts that each chemical might cause under locllst

control conditions.

5.6.2 Discussion

As with the intended target species, Shistocerca gregaria, other

potential pest species could not be collected in adequate numbers for a

comparison of effects among the pesticide treatments. As mentioned,

however, significant reductions in numbers of Orthoptera (the order
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TABLE 5-6. Significantly Reduced Arthropod At 'ndances a

Chemical ------. Arthropod order
Pesticide class Araneae Hemi ptera Coleoptera Diptera _JiY.r.D~no!?J~ra

renilrothion OP 62.3 58.3 89.6 NS NS
Malathion OP 88.0 99.5 NS 26.0 NS
Chlorpyrifos OP NS NS 55.8 NS 52.7
Bend ioea rb C NS NS 60.8 85.9 58.1
Carbaryl C 28.8 80.9 NS NS 68.8
L-cyha loth ri n SP 67.2 72.3 NS 65.8 99.5

OP ~ Organophosphorus.
C = Carbamate.
SP = Synthetic pyrethroid.
NS ~ Nonsignificant result~.

aCompared as the ratio of treatment numbers to control numbers both before and
after pesticide application. Percent reductions adjusted for controls are
indicated for each significant effect (p <0.05).
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including grasshoppers and locusts) were observed following treatment with

the test standards fenitrothion and malathion. In addition, the flight

impairment and rapid death of an individual Senegalese grasshopper,

Oed~eus .?enegalensis, was observed within the first 20 minutes follow"ing a

malathion applicdtion. In the case of three orders that possess numerous

pe5t species (i.e., Hemiptera, Coleoptera, and Oiptera), peslicides from

all three chemical classes were shown to significantly reduce the abundance

of each order. It is likely that all six of these peslicides would be

effective against a variety of pests, including grasshoppers and locusts.

The only pesticide that did not show a significant effect on eHher

Oipteril or Coleoptera was carbaryl. In contrast, the only pest icide to

show an effect on all three orders of locust: predators and parasites was

the 0 the t~ carbarna t e , bendi 0 carb . I f it i san tic i patedthat an a r ray 0 f

beneficial species (antagonistic to desert locusts) will be present during

control operations, then consid2ration should be given to the use of

carbaryl. If there is concern about a specific hymenopteran parasitoid,

such as that often used in biocontrol efforts, then malathion and

fenitrothion should be considered. In each case, the pesticide of choice

should be tested against the specific beneficial insect of concern.

Tt] infer possible effects on the entire arthropod ecosystem, it is

important to look at the effects on the higher trophic levels. Spiders

(Araneae) are representative of a predatory taxon that can regulate

arthropod abundances but that is not an agricultural pest. Significant

reductions in spider numbers followed the application of pesticides from

all three chemical classes, with only chlorpyrifos and bendiocarb failing

to show an effect. In each case, plLnt-dwelling or arboreal spiders (as

represented by sweep and sticky-trap samples), rather than ground-dwell ing

spiders (as represented by pitfall samples), were affected. It appears

likely that all six pesticides w~ll have a depres~ing effect on higher

arthropod trophic levels, but that the ground-dwell ing fauna wi 11 be

relatively less affected. Indeed, fenitrothion was the only pesticide to

show a significant effect. on a ground-dwelling taxon (beetles in pitfalls).

Malathion was the only pesticide to show a significant overall depressive

effect on total arthropods, and it was a result based on the aboreal species

captured in sweep samples. Again, 17 of the 18 reductions occurred among

plant-dwelling and arboreal species (9 with the sweep samples and 8 with the

sticky-trap samples), indicating incomplete penetration of the grasses by

the pesticides.
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An examination of the graphical results of the slatistically

significant effects mentioned above revealed a consistenl patlern of sharply

reduced arthropod numbers immediately following pesticide application

(Figures 5-10 through 5-14). For the five orders analyzed, the average

reduction "in abundance from pesticides causing a significant effect ranged

from 67% to 89% of the pretreatment levels. The first postlreatment samples

were not substantially lower than the last pretreatment samples in only 2 of

the 18 cases. Another characteristic of these graphs was the rapid increJse

in arthropod numbers following the initial posttreatment reduction. In 16

of the 18 cases, arthropod numbers rebounded by the second or third post­

treatment sample to mean pretreatment levels. Instances of zero rebound

were observed only in the Hemiptera samples, i.e., after treatment with

fenitrothion and malathion.

The overall effect of these aerially applied ULV pesticides on

nontarget arthropods appears to be limited due to rapid reinvasion by most

arthropod groups. Repeated appl icatio'ls or treatments over large areas may

have more severe effects not apparent in these results.

5.7 RESIDUAL ACTIVITY IN THE ENVIRONMENT

5.7.1 Results

In addition to the assessments of immediate pesticide effects based on

mortality measures for birds and arthropods, the fate of the aerially

applied pesticides in the environment was monitored for potential long-term

effects. Although the pesticide spray from the aircraft was visible, direct

examination of plants did not reveal Q noticeable residue or instances of

phytotoxicity. Although the small mammals (shrews, gerbils, and mice)

collected for pesticide residue analysis were misplaced by the laboratory,

the 46 bi rd spec imens that were captured were ana 1yzed for res i dues as

reported in section 5.2.2. The results of the comprehensive sampling of

soils and grasses over time (see Appendix R) were used to provide the best

indication of delayed or indirect effects on the environment.

The soil samples spiked with each pesticid~ in the field did not give

100% recoveries owing to the uneven distribution of pesticide in the large

soil samples. Given the unavoidable heterogeneity of particle size in the

samples, reasonable recoveries were obtained: lambda-cyhalothrir. 88.2%,

malathion 85.~; bendiocarb 74.2%, chlorpyrifos 56.7%, carbaryl 55.3%, and

fenitrothion 52.4%. Because the pesticides known to degrade most rapidly
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Figure 5-10. Mean numbers of Araneae (spiders) sampled from replicate
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Only significant reductions relative to controls are shown
for environmental impact trials conducted in Tokar, Sudan.
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Only significant reductions relative to controls are shown
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possessed the highest percent recoveries (lambda-cyhalothrin and malathion),
it can be conc 1uded that very 1itt 1e or no degradati on of the res·j due

samples occurred during storage or shipping prior to the analysis.

For quality control in the residue analysis, an average of three

laboratory spikes of IIPRE II samples were conducted for each pesticide. Good

recoveries (in the range 92 to 114%) were obtained from the spikes of five

pesticides. The 10\", recoveries of the carbaryl spikes can be attributed to

the lack of cleanup column use. The following mean recoveries were obtained

for grass sample spikes: fenitrot.hion 101%, malathion 113%, chlorpyrifos

113%, bendiocarb 99.6%, carbaryl 66.0%, and lambda-cyhalothrin 114%. The

following mean recoveries were obtained for soil sample spikes:

fenitrothion 104%, malathion 106%, chlorpyrifos 92.8%, bendiocarb 99.5%,

carbaryl 75.0%, and lambda-cyhalothrin 92.8%.

Mean pesti-:ide residue levels differed significantly (p <0.05) among

the six pesticides and between the environmental substrates, soil, and grass

(Table 5-7). The greatest difference was the relatively higher (grealer

than tenfold) residue levels found on the grass as compared to the soil.

The rate of residue decline was significant for all six pesticides.

The shapes of each pesticide1s decline curves were similar, with only three

Cilses of apparent increases in residue levels on subsequent sampling days

(see Figures 5-15 and 5-16). These cases can be attributed to sampling

variability. ,he typical pattern of rapid initial decline followed by

decreasing decline rates was most striking in the residue results of

chlorpyrifos and fenitrothion. After a comparable initial decrease on d:W

1, carbaryl showed the slowest rate of decay to day 7, i.e., the greatest

persistence. In theoretical decay functions fit to the residue data, the

very rapid degradation of malathion is accentuated (Figures 5-17 and 5-1B).

Slower decay rates were evident for all six pesticides at residues below 5

ppm.

5.7.2 Discussion

The pesticide residue levels found in the Sudan trials were sub­

stantially higher than those found in the Mali trials for two reasons: (1)

the application rates used in Sudan were those recommended for desert locust

control, rather than for Senegalese grasshopper control, and were

approximately twice as high as those used in Mali: ar~ (2) the integrity of

the samples was maintained from collection to anaiysis so that none of the

degradation that likely occurred in the Mali samples could have occurred.
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Table 5-7. Mean Residue Levels of Six Pesticides Found in Gra 5 S •

Soil. and Birds and Relevant Tolerance Levelsa

Pesticide Mean Residues (ppm) U.S. tolerance or
(application rate) FAa/WHO Codex

Maximum Residue Limit

Oaysb
Forage (MRL)d for related
grass Soil Bi rd c commodity

-------_._------------_._--

Fenitrothion a 34.8 1.48 __e 10.00 cereal grain d
(520 g/ha) 1 12.8 1.08 0.158

3 1.7 0.89
7 1.3 0.66

Malathion
(1300 g/ha) 0 104.5 5.0 135.00 grass forage

1 101 .8 3.0 0.316
3 28.2 4.0 4.00 poultry
7 1.9 2.6

Chlorpyrifos
(225 g/ha) 0 6.20 0.158 4.00 alfalfa forage

1 1.47 0.093 0.154 1. 50 sorghum forage
3 1.03 0.032 0.50 poultry
7 0.25 0.008

Bendiocarb
(124 g/ha) 0 2.22 0.38 0.05 cereal foraged

1 2.62 0.34 N. oJ
3 0.68 0.27
7 0.57 0.23

Carbaryl
(576 g/ha) 0 73.3 2.35 100.00 grass forage

1 31.3 1. 23 1.216 100.00 sorghum forage
3 29.9 1.87 5.00 poultry
7 24.1 0.97

L-cyha 10th ri n
(20 g/ha) a

1
3
7

0.343
0.298
0.061
0.042

0.018
0.020
0.013
0.010

0.005
0.50 pome fruitd

aEach value represents the average of three samples taken from replicate
plots that received identical aerial applications.

bNumber of days following pesticide application (0 = 6-hour sample).
CLive birds caught in mist nets.
dUnited Nations. Food and Agricultural Organization/World Health Organization
pesticide residue limit for importation of commodities.

eNot applicable.
fNot detectable. Level of detection = 0.1 ppm.
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Nonetheless, the substantially higher levels of malathion and carbaryl

residues found in forage grass were sti 11 below the respective U.S.

tolerances (see Table 5-7). As in the Mali trials, the mean chlorpyrifos

residue level in or on grass samples florvested the same day (6 hours

posttreatment) exceeded the U.S. tolerance for alfalfa. Subsequently

harvested samples bore residues below this tolerance level. The remaining

three pesticides <.10 not have U.S. tolerances for residues in or on forage

grass, but international Codex tolerances for other commodities may be

compared with the observed levels. For example, the lambdll-cyhalothrin

residues found in or on forage grass were below the Codex i·laximum Residue

Limit (MRL) for pome fruit. In contrast, fenitrothion residue levels in

or on gras:; harvested 6 hours and 1 day posttreatment exceeded the Codex

MRL for cereal grain. As forage grass residue tolerances are usually much

higher than grain or seed toler",nces, these fenitrothion residues are

probably of no concern. On the other hand, bendiocarb residues in or on

grass samples harvested 0-7 days posttreatment exceeded the Codex MRL of

0.05 ppm for bendiocarb residues in or on forage, fodder, and straw of

cereal grain crops by ten- to fiftyfold.

These results suppcrt the general conclusion that single applications

of these pesticides (with the excerrion of bendiocarb) on semiarid

grasslands of the Sahel pose little hazard to the local population or to

the environment. It is possible, however, that crop harvesting and

livestock grazing should be restricted for 1 to 3 days after spraying with

chlorpyrifos, lambda-cyhalothrin, or fenitrothion.
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6. SUMMARY AND CONCLUSIONS

These conclusions are based solely on the results of the Sudan field

trials.

6.1 SUMMiIHY

The planned environmental impact trials, but not the locusL efficacy

trials, were successfully completed in Tokar, Sudan, during the months of

MJrch and April 1988. Althoug;: desert locusts were not present in the lokar

Delta at this time, this site was an appropriate place for the environmental

impact trials for three reasons: (1) the delta is the prime agricultural area

along the Red Sea coast and it attracts the greatest numbers and diversity of

nontarget species; (2) t.his area has been the sit.e of past locust control

campaigns (Appendix L) and, as part of the traditional Red Sea \vinter breeding

grounds of the desert loc~,;t, will almost certainly be the site of future

control efforts; and (3) weather records for previous locust infestation years

(Appendix W) indicate H.at environmental conditions in the delta during our

trials were comparable to period: of high locust densities.

The efficacy trials against the desert locust could not be conducted

because of the absence of testable locust populdtions in Sudan. In addition,

grasshoppers were too scarce on the env'ironment:ll test plots for a comparison

among pesticides for effects on species rele.ted to the desert locust (Orthop­

tera). However, significant redu~tions in Orthoptera numbers were observed

following treatments with malathion and fenitrothion. The difficulties in

conducting an efficacy trial on the desert locust point to several

recommendations for future projects. Chief among these is an increased amount

of locust tracking and infestation prediction based on in-field surveys by

project scientists. In addition, i~ is likely that efficacy trials in the Red

Sea coast region should be targeted at locust hopper populatiors that hatch in

December and congregate in areas of newly emerged short grass.

All six pesticide formulations were correctlv applied to replicate plots

following the best available procedures. The use of flagging vehicles and the

computeri zed monitoring of flow rate and revolutions per minute (rpm) assured

that the aerial applications corresponded to the pesticide manufacturers'

specifications. Although the best available weather conditions were chosen

for each spray, moderate winds were present throughout the trials. The spray
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deposition cards demonstrated that the applications achieved good coverage,

and the resu1ts suggest that windspeeds greater than those usually recommended

are acceptable when spraying in the hot Sahel ian conditions.

6.2 CONCLUSIONS

6.2. 1 ~Jffer:.0_01L.Mqrta 1i~.~~ Beh_Qvi~!,:-ot_Verte~ates

The highly replicated d2sign of the environmental trials (three replicate

treatment plots per pest"icide and two to four repeated samples per treatment

period) and the extensive set of controls used (ma1ched controls for each

pesticide treatment and con1rol plot samples for every day of sampling) permit

a confident assessment of no major adverse environmental impacts. No dead or

moribund reptiles, birds, or mammals were observed during exhaustive searches

of all treatment plots. Although 0ther vertebrate taxa were too uncommorl to

sample effectively, investigators counted over 5000 birds without observing

any abnormal behaviors or reductions in bird activity. One result, mildly

depressed brain cholinesterase levels in carbaryl-exposed birds, pO'ints to

potentially adverse, although likely transient, effects on the avifauna.

6.2.2 Initial Reduction but Rapid Rebound of Arthropod Numbers

All six pesticides produced significant reductions in at least half of

the arthropod orders studied. None of the four major orders of insects

sampled (Hemiptera, Coleoptera, Diptera, and Hymenoptera) and none of the

spiders (Araneae) are likely to be unaffected by an~1 of the classes of

pesticides. However, in nearly every instance of a significant reduction in

abundance, a rthropod numbers rebounded qui ck 1y with i n the firs t week

posttreatment. Given the potential for dispersal and reinvasion, none of

these pesticides appears likely to dramatically affect the nontarget arthropod

fauna. Although specific locust predators and parasite spec.ies were not

identified, carbaryl appears to be the pe~ticide least likely to adversely

a f fect gr 0 ups t hat con t a i n ben efie iali nsec t s . The dif f i cultyin ma kin g an

adequate assessment of the adverse impact on nontarget insects cannot be

overstated. We recommend that specific sampl ing procedures be developed for

the grasshopper predators and parasites whose ecology has been adequately

described.
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6.2.3 RiiJ!..iQ. Pesticide Breakdown but High Initial Residues on Forage.~rass

The seil and forage gras~ residue ')amples were replicaled w:lthin and

among p luts and were kept frozer. Lhrouyhout storage and transport. Thus, the

residue results represent accurate measures of pest;ride residues to be

expected from locust control operations in the Sahel. All of vile residue

measures for malathion and carbaryl were below established U.S. tolerance

levels. without relevant esL.<1blisiled tolerunces for the other pest.icides it

is difficult to determine their potential hazards. Howe\er, the only

restrictions that appear to be needed are (1) cautions again<:t 1 -day postspray

harvestinQ or grazin9 f('lllow~ 9 chlorpyr~fo5 and fenitrothion applications,

and (2) strict limitations against ~praying bendioca~b on 1ands subject to

harvesting or graziny. The most lmportant result of the residue study was the

demonstration of substantial pGsticide breakdown within 7 days. This result

precludes the possibility of blomagnification and ensures that if local

inhabitants and thE:ir domest/.: animals can be kept off treated lands as

required (note, however, that even in the United States, the EPA considers

grazing restrirtion~ for open ra~lgeland to be· unenforceable), adverse effects

on the human pcpuldtion can be avoided.

~.2.4 Recommendations. .

The lack of dramat.ic .:cute effects witilin the ecosystem -:lnd the eviden(.~

of rapi~ breakdown of the lJe~Ucides suggest. that single applications of

fenitrothion, malathion, chlorpyrifos, c:al'baryl, lambda-cyhalothrin, and

\.'ossibly bendiocarb can be performed safely in grassland areas subject to

desert locust infestati0~.

However, because our tri~ls used careful application methods and because

we did flot treat aquatic or ot:'er Sl'>nsitive habitats, we cannot assess the

pote~tial impacts of careless lOCust c0ntrol programs. For this reason, we

recommend that future pestle-ide control .s"(rateg~es give priority to ersuring

that the selected pesticides are properly applied and that sensitive habitats,

such as wetlands, are carefully avoided.
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NOTES ON OPERATION OF SPRAY SYSTEM ON CESSNA

1.0 C; '_ibration

·RUCK ST-AJZ

Before use, the spray system must be calibrated for the chemical
to be sprayed. The calibration is divided into two separate parts;
sett~ng the correct chemical application rate and setting the droplet
s~ze. Unlike a conventional spray nozzle, these are largely indep­
endent a~d are adJusted separately.

1.1 Setting Chemical Application Rate

The required chemical flow rate from the aircraft 1S giver: by:

FLOW (l/min) = SWATH (m) x SPEED (Km/hr) x APPN RATE (l/Ha)
600

Where:

S~ATH = Distanc~ between successive spray runs of the
aircraft (lane separation), not maximum effe~tive

swath width.

SPEED = Groundspeed of aircraft (typically 105 mph (169 Km/hr)
for Cessna Agtruck).

The flow is controlled by the setting of the Variable Restrictor
Units (VRUs) on the atomisers and by the system (boom) pressure.
The VRUs must be adjusted on the ground for the approximate flow
~ate and the exact flow rate set in flight by adjusting the boom
pressure.

The attached graph snows anticipated flow rate against pressure
for VRU settings #3 and #5. This graph should be used to decide
which VRU 8etting is appropriate for the flow rate to be used.

Final adjustment of output rate is made by the pilot in flight
v/ith reference to the Application Monitor (see later).

IMPORTANT: The relationship between chemical flow rate and pressure
will vary according to the viscosity of the chemical being used.
Because of this, the attached graph must be used as a guide only.
The Application Monitor must always be used for the final adjustment.

1.2 Setting Droplet Size

The Volume Median Diameter (VMD) of the spray droplets produced
by each atomiser with a given chemical is determin~d by the rotatior.al
speed (RPM) of the atomiser. The RPM is in turn determined by the
angle of the fan blades driving the atomiser.

The angle of the fan blades nust be. set on the ground to ensure
the correct rotational speed. This speed should be checked by
the pilot in flight using the RPM function of the Application Monitor.

The attached graph has been prepared to assist with the setting
of the fan blade angle. It is based on flight tests with the

/continued ...
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air~raft under typical operating conditions (105 mph airspeed,
5 l/min chemical output).

Before setting t~e fan blades, the required atomiser RPM must
be known. This should be based either on chemical manufacturer's
reccmmendatlons or earlier trials during which droplet size on
the target was measured.

To detE:rmine the blad8 angle for each atomiser, refer to the graph
and _"ead off the angle for atomisers 1 - 4. Note that the angles
for each unit will differ slightly due to the varying airflow
over different parts of the wing.

The at~misers are numbered 1 - 4 counting from the left-hand outboard
unit to the right-hand outboard unit.

H2ving determined the blade angle for each atomiser, adjust the
blades as follows:

i )

iii )

Slacken the three clamp ring securing bolts with a 3/8"
wrench.

AdJust all three blades to the same anqle as shown in
the diagram below.

Re-tighten the three bolts just sufficiently to trap the
fan blades. DO NOT OVERTIGHTEN THE CLAMP RING BOLTS.

FRONT OFAAIRCRAFT

T
550

~65'
=------75

0

_---85°

ADJUSTMENT OF FAN BLADES ON AU5000 ATOMISER

Note: If atomiser is fitted with new type EX1772/2
fan blades the setting is made with reference
to the extreme anti-clockwise pip on the blade.

/continued
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2.0 Pre-flight checks on Spray System:

i )
i i )

iii )

iv)
v )

vi)

Check atomisers for damage and contamination.
Check condition of all atomiser bearings.
Check for leaks from diaphragm check valves (possible
chemical damage to diaphragms).
Check VRU setting on each atomiser.
Check blade angles on all ~to~isers.

Check condltion of all hoses, booms and boom supports.
i

3.0 Setting-up of Application Monitor

i) Start aircraft engine.
ii) Check that display reads:

USE LAST SET-UP? (YES/NO)

If the display does not show thi$, switch the master
switch off and on again to reset the Application ~onitor.

iii) If the swath width, speed and turbine calibration have
not changed since the unit was last used, respond by
pressing the YES button. The unit is now ready for use.

If a parameter has been changed, press the NO button and
enter the new data as prompted on the display.

Note that TURBINE #1 should be selected for flows above
5cS l/min and TURBINE #2 should be selected for flows
below this figure.

4.0 In Flight

i) Press the FLOW button on the Application monitor if
output rate is being ~xpressed as chemical flow:
otherwise, press the VCL/AR button to display output
in terms of application rate in litres/Ha.

ii) When in the spraying area, start the chemical pump,
open the spray valve and adjust the pressure until the
Application Monitor shows the correct flow or application
rate. Note the boom pressure required to achieve this
output.

iii) Open and close the spray valve in the normal way when
making each spray run.

iv} Towards the begining of the first spray run, press the
RPM button on the Application Monitor and select atomiser
#1. ,Check that its speed corresponds to the required
RPM. Select atomisers #2, #3 and #4 and check their
speeds in the same way.

Press the RESET button on the Application Monitor to
leave RPM modp- and select FLOW or VOL/AR again.

v} Use the VOL A and VOL B functions to measure the total '
amount of chemical used i,f required. Note that VOL A
can be reset by pressing the VOL A button and then RESET.
VOL B cannot be reset in flight.
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vi) Whilst spraying, note the reading of flow or application
rate on the Application Monitor ar.d the boom pressure.
If the flow or application rate should start to fluctuate
or become zero, it is possible that the flowmeter turbine
could have become blocked. If this is the case, the
output can be maintained by reference to the boom pressure
noted in (ii) above.

IMPORTANT: If a large change in pressure or spray valve
opening is required in flight, this probably indic~tes

a major blockage (possibly in the filter) and the spray
run should be aborted.

5.0 After Completion of Flights

The entire spray system should be washed out by pump~ng a suitable
solvent through the booms and atomisers. Diesel would prob&bly
be a suitable solvent for most ULV chemicals. Use water with
caution as it can form a gel with some formulations.

Pay particular attention to the atomisers. Ensure that there is
no chemical build-up on the gauze screens or fan blades. If
conditions are likely to be dusty and windy, it is suggested that
all atomisers are wrapped in cloth whilst the aircraft is left on
the ground for a significant time.

T P Y Sander
Feb 18 1988
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APPENDIX B

Species List of Birds Observed Near the Test Site, Tokar, Sudan



APPENDIX 8

Species List of Birds Observed Near the Test Site, Tokar, Sudan

Cemmon Name

PE LI CAN IDAE
(Pelicans and their allies)
Pink-backed Pelican

PHOENICOPTERIDAE (Flamingos)
Greater Flamingo

AREIOAE (Herons and Egrets)
Yellow-billed Egret
Reef Heron
Cattle Egret
Goliath Heron

THRESKIORNITHfOAE (Ibises)
Ba 1d I bis

ACCIPITRIDAE
(Vultures, Eagles, Hawks)
Hooded Vu ltu re
Egyptian Vulture
Nubian Vulture
Gri ffon Vulture
Tawny Eagle
Augur Buzzard
Black Kite
Osprey
Grass~opper Buzzard
Pale Chanting Goshawk
Pallid Harrier
Montagu's Harrier

FALCONIDAE (Falcons)
Peregrine Falcon
l.anner Falcon

PHASIANIDAE (Gamebirds)
See-see Partridge
Qua i 1

SCOLOPACIOAE (Sandpipers)
Temmink's Stint
Common Sandpiper

LARIOAE (Gulls)
Sooty Gull

PTEROCLIDAE (Sandgrouse)
Chestnut-bellied Sandgrouse

Scientific Name-----

Pelecanus rufescens

Phoenicopterus ruber

Egretta intermedia
E~.JI~tta illll a ri s
Ard eo 1a i bi s
Ardea goliath

Geronticus eremita

N~crosyrtes monachus
Ne~hroQ p'ercnopterus
Torilll~ trachelitois
futQ?. ful vus
fullJ1J2. ra~
Buteo rufofuscus
Mi 1vu.;;. mi grans
Pan~ion haliaetus
BUj.a stu r-!"uf'rpennis
Melieriix matabates
Circ~ ~acrouru~

Circus pygargus_

Falco peregrinus
Fa 1c~ b; arm i cu.i

Ammoperdix griseogularis
Coturnix coturnix

Calidris temminckii
Tri ng~ illmo leucos_

Troinkatat

Trinkatat

Tokar
Trinkatat
Tokar
Tokar

Tokar

Tokar
Tokar
Tokar
Tokar
Tokar
Tokar
Tokar
Trinkatat, Suakin
Tokar
Tokar
Tokar
Tokar

Tokar
Tokar

Tokar
Tokar

Suakin
Trinkatat

Suakin

Tokar



Common Name

CDLUMBIDAE (Doves)
Rock Dove
Namaqua Dove
Collared Dove
Red-eyed Dove

UPUPIDAE (Hoopoes)
African Hoopoe

CDRACIIDAE (Rollers)
Abyssianian Roller

MERDPIDAE (8ee-eaters)
Eurasian Dee-eater
Carmine Bee-eater

APOOIOAE (Swifts)
Swift

ALUADIDAE (Larks)
Black-crowned Finch-lark
Hoopoe Lark
Desert Lark
Crested Lark

HIRUNOINIDAE (Swallows)
Swa 110''''

MOTACILLIDAE {Wagtails)
Pied Wagtail
African Pied Wagtail
Yellow Wagtail

TURDIDAE (Thrushes)
Stonechat
Desert Wheateaer
Black-eared Wheateaer

SYLVIIDAE (Warblers)
Garden warbler

LANIIDAE (Shrikes)
Great Grey Shrike
Masked Shrike
Isabel1ine Shrike
Taita Fiscal Shrike
Yellow-billed Shrike
White-crowned Shrike

EMBERIZIDAE (Buntings)
Golden-breasted Bunting
Striped Bunting

Scientific Name

Cloumba livia----
Dena ~apensis

Streptopelia decaocto
~treptoRelia semitorquata

Upupa epops africana

~oracias abyssinica

Merops Q..Piaster
Merops nubicus

Apus sp.

fremopterix nigriceps
~12emon alaudipes
Ammomanes deserti
Ga1erida CYlstata

Hirundo rustica

r"'otacilla ~lba

~otaci11a ~uimp

Motaci11a flava

Saxicola torquata
Oenanthe deserti
Emberiza striolat~

Sylva borin

Lani~ excubitor
Lanius nubicus
Lanius isabellinus
Lanius dorsalis
Corvinel1a corvina
Eurocephalus ruppelli

Emberiza flavlventris
Emberiza striolata

Location

Tokar
Tokar
Tokar
Tokar

Tokar

Tokar

Tokar
Tokar

Tokar

Tokar
Tokar
Tokar
Tokar

Tokar

Tokar
Tokar
Tokar

Tokar
Tokar
Tokar

Tokar

TOkJr
Tokar
Tokar
Tokar
Tokar
Tokar

Tokar
Tokar



Common Name

FRINGILLIDAE (Finches)
Silverbill
Golden Sparrow
Northern Masked Weaver
Vitelline Masked Weaver
Black-headed Weaver
Grey-headed Social Weaver
Common waxbill

Scientific Name

Euodice malabarica
Passer luteus
Ploceus taeniop~erus

Ploceus velatus
Ploceus cucullatus
Pseudonigrita 9r.~udi

Estrilda astrild

Location
----~

Tokar
Tokar
Tokar
Tokar
Tckar
Tokar
Tokar



APPENDIX E

Photographs of Each lOO-ha Plot Used in the Environmental Impact Trials
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APPENDIX L

Desert Locust Control Operations in the Tokar Delta, Sudan



Document Id:
Document Name:
Operator:
Author:

Comments:

DOCUMENl SUMMARY

30125
Appendix &Title Pages
sh
southerland

1174/020

STAllSllCS

OPERATiON DATE. TIME WORKTI~E KEYSl ROKF_S

Created 07/26/88 11 : 59 :54 2724
Last Revised 01/13/89 10:48 :08 59
Last Printed 0'1/13/89 11; 21
Last Archived 01/05/88 14: 55 onto Diskette 03025

Total Pages: 19 Total ~Jorkt i me: 6:24
Total Lines: 200 Total Keystrokes: 23639

Pages to be printed 1
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APPENDIX L. Desert Locust Control Operations in the Tokar Delta, Sudan*

Year

1984-85
and earlier

1985 --86

1986-87
December 86

January 87

Ma rch 87

April 87

1987 -88

Desert Locust Infestation

Dry conditions resulted
in no sizable infestations

Seven locust swarms from Derudeb
and locust escapes from Eritrea
reached the delta

28 locust swarms and infest­
ations of hoppers covered
46,000 ha in the delta

Locusts infested 315 ha in the
delta

Breeding locusts and swarms from
Eritrea infested 20,700 ha in
the delta

Locusts infested 10,692 ha in
the delta

No sizable infestations occurred
in the delta

Pesticides Applied for Locust
Control in the Tokar Deltd_

None

Fen it roth -j on
Diazinon
BHC

Fenitrothion ULV (1,000 L)
Fenitrothion EC 50% (3,3~0 L)
Uiazinon ULV 100% (1,600 L)
Diazinon EC 60% (17,500 L)
SHC bait & 2.6 dust (400 Kg)

Diazinon EC 60% (1,120 L)
BHC bait & dust (1,450 kg)

BHe bait & dust (500 kg)

Fenitrothion ULV (5,400 L)
Fenitrothion EC 50% (300 L)
Oiazin~n EC 60% (240 L)
BHC bait & dust (1,450 k!J)

None

*Information provided by Shabban Shahata, Director of Locust Control Operations,
Red Sea Province.



APPENDIX M

Analytical Methodologies Used in the Determination
of Pesticide Residues in Soils, Grasses, and Animals.



METHODOLOGY

Fenitrothion, Malathion and Chlorpyrifos were extracted from
Forage using the official ACAC* method 29.011(d), from animals
using AOAC* met00d 29.011(a), and fr0m Soil u~ing the official
EPA** method 3540. The analyses were made without clean-up by
G.L.C.-F.P.D. using a 525 nm filter specific for Phosphorus, a 5%
OV-210 column and the parameters designated by EPA~**.

Karate was extracted from Forage using AOAC* method
29.011(d), from animals using AOAC* Method 29.011(a) and from
Soil using EPA** method 3540, then cleaned up using AOAC* method
29.015 (Florisil column). The analyses were made Oy G.L.C.-E.C.D.
using a 4%SE-30/6%OV-210 column and the parameters designated by
EPA***.

Carbaryl was extracted from Jorage using JAOAC(*) method,
from animals using AOAC* Method 29.011(a), and from Soil using
EPA** method 3540, then cleaned up using EPA*** Section 10,A,page
9 (Silica Gel column). The analyses were made using G.L.0.-E.C.D.
after derivatization as in EPA*** Section 10,A,page 10.

Calculations
SOIL 10 grams analyzed. Standard
peak he i gh t sam pIe ( mm ) X m:.::.:::::c-=l~i:.:.n~JJ..:.·e=-c:::..:::t.::::e..:::d~x~c::-::.o=n..:::c..:::e:..:.n~t~r:..:a~t.:::..=.i.:::o~n~(..::p::...cg:u/....:m.u.;c=1....,(,,)_

peak height standard(mm) mel sample injected x sample weight(gm)

X ,Final dilution sample(mls) x 1000 mcl/ml = mcg/gm = PPM
1000 pg/ng x 1000 ng/ug

Forage
25 gm sample X Filtrate extracted(mlsL X mls Recovered =Sample

350 mls ACN : water 100 mls Pet Ether Wgt

Same formula as Soil analysis

ANIMAL total weight analyzed
Sample weight X HIs ACN recovered X MIs P.E. recovered =

200 mls ACN 100 mls Pet Ether

Same formula as Soil analysi~

Sample
Wgt

*"Official Methods of Analysis", Association of Official
Analytical Chemists.
**"Test Methods for Evaluating Solid Waste", U.S. Environmental
Protection Agency.
***"Manual of Analytical Method~ for the Analysis of Pesticides
in Human and Environmental Samples", U.S.Environmental Protection
Agency.
(*)"Journal of the Association of Official Analytical Chemists
(Vol. 64, No.5, 1981) pp. 1187-1195.



BENDIOCARB was analyzed by the No~-Am Chemical Company method
p~ovided by M~. Louis Bo~ghi. A standa~d cu~ve(see Standa~d Linea~

Reg~ession cha~t) was p~epa~ed to show linea~ity in th~ ~ange used.

Calculations

SOIL 10 g~ams extracted, 1 g~am de~ivatized fo~ analysis.

FORAGE 10 g~ams ext~acted, 1 g~am o~ 0.1 g~am dp.~ivatized fo~

analy~is depending on expected concent~ation.

ANIMALS total weight ext~acted, 1/10 th de~ivatized fo~ analysis.
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APPENDIX P

Descriptions of Plant Species OcclJrring on the Test. Plots
in the Tokar Delta, Sudan
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APPENDIX P. Description of Plant Species Occuring on the Test Plots in the
Tokar Delta, Sudan

Family

AMARANTHACEAE

ASCLEPIADACEAE

CHENOPODIACEAE

CRUCIFERAE:

CYPERACEAE

GRAMINEAE

Species

Amaranthus augustifolus

Averfl jav'anica

Calotropis procera

Suaeda QIuinosa

Dipterygium glaucum

Pdspalidium geminatum

Cvnodon dactylon

Description

Annual weed with growth form
varying from entirely
~preading to partly or wholly
ascending. Common in san~y

plains and entrances of wadis.

White woolly undershrub found
in deserts.

Shrub or small tree 3 to 5
meters, high. Broad, ovate,
fleshy leaves. Spongy bark,
strong indicator of
overgrazirtg.

Shrub indicative of saline
conditions. Bluish green
\i~th very small leaves.

Perennial plant with erect
branches and yellow greenish
flowers. Not eaten by cattle.

Creeping rhizomes, producing
rows of small rosettes along
the ground. Stolons thin,
but occasionally swollen into
black ellipsoid tubers which
are collected as a drug.
Found in sandy places near
springs, wells, or moist
areas.

Tall, glabrous, robust
grasses of subaquatic
habitat. Although the main
grass on our plots, it is
considered an undersirable
invading weed in channels,
marsnes, rice fields, river
shores, and wells.

Common weed grass cultivated
in some areas as a turf grass.

LEGUMINOSAE Acacia nilotica v. adansonii Tree with dark stems,
numerous leaflettes, 'and
yellow flowers. Glabrous
legumes not, or only
slightly, constricted between
the seeds.

~- 1\\. <.



Familv

OROBANCHACEAE

PALMAE

PAPACERACEA

RHAMNACEA

SOLANACEAE

Species

Cistanche phelypaea

H'Iphanea sp.

Argemone mexicana

Ziziphus lotus

Datura metel

Description

Parasitic plant. Large
robust species with yellow
flowers. Often associated
with shrubs of the
Chenopodiaceae family.

Fan palm. Leaves 10 to 20 in
terminal crown. Species in
plots never more than 1 to 3
branches. Very short.

Prickly herb with yellow
juice. clasping, spiny-white
veined blue green leaves.
Flowers yellow. Introduced
from America. completely
naturalized.

Forms large bushy impenetru­
ble thickets up to 2 to 5
meters in height. Branches
are zigzag. Spines occur in
pairs. one hooked and minute
the other straight and
needle-like.

Leaves broadly ovate~

few-tooth~d solitary white
flower up to 16 cm long.

,d



APPENDIX R

Pesticide Residue Levels Detected in
326 Samples of Soil and Grass
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FENITROTHION

SPL. NC. P~OT PRODUCT DAY FENITROTHIONlppll SPL. NO. PLOT PRODUCT DAY FENITROTHION(ppI)

1101 2E Soi I Pre. N. D. ({O. 0011 f 1001 2E Forage Pre. N.D. ({0.006)
1102 2E Soil 0 1. 53 1002 2E Forage 0 54.1
1103 2E Soil 0 1.18 1003 2E Forage 0 56.2
1104 2E Soil 1 1. 53 1004 2E Forage 1 17.3
1105 2E Soil 1 0.32 1005 2E Forage 1 18.5
1106 2E Soil 3 1.14 1006 2E Forage 3 1.02
1107 2£ Soil 3 1. 73 1007 2E Forage 3 1. 00
1108 2E Soil 7 0.84 1008 2£ Forage 7 0.37
1109 2E Soil 7 0.34 1009 2E Forage 7 O.~O

1110 llW Soil Pre. N. D. ({ 0.001 )f 1010 llW Forage Pre. N.D. (0.006)

1111 l1W Soil 0 0.37 1011 l1W Forage 0 22.1

1112 11W Soil 1 0.10 1012 11W Forage 1 9.52
1113 l1W Soil 3 0.25 1013 llW Forage 3 2.16
1114 llW Soi 1 7 0.88 1014 llW Forage 7 2.11

1115 13W Soil Pre. N.D. (O.001H 1015 13W Forage Pre. N.D. (0.006)
1116 13M Soil 0 2.44 1016 13W Forage 0 21. 2
1117 13M Soi I 0 1.90 1017 13W Forage 0 20.S
1119 13M Soi 1 1 0.80 1018 13W Forage 1 9.85
1119 13M Soil 1 2.63 1019 13M Forage 1 8.79
1120 13M Soil 3 O.SO 1020 13W Forage 3 2.73
1121 13M Soil 3 0.81 1021 13W Forage 3 1.66
1122 13W Soil 7 0.74 1022 13W Forage 7 1.23
1123 13M Soil 7 0.52 1023 13W Forage 7 2.38

Forlulation 94.H IIt./vol
RECJVERIES RECOVERIES

1110 Spiked (2ug = 0.2 PPI) 99.01 Ree. 1001 Spiked ( 2ug = 0.12 PPI) 84.91 Rec,
1115 Spiked 12ug = 0.1 PPll 107.01 Ree. 1015 Spiked I 2ug =0.12 pp.) lln Rec.

1101 Spiked (2ug = 0.2 PPI) 106.0% Ree.

fNothing Detected Above Li.it of Detection



MALATHION

SPL NO P~OT PRODUCT DAY MLATHION(PPM) SPL NO PLOT PRODUCT DAY MALATHION(PPM)

4101 5\11 SOIL PRE N. D. (0.005) I 4001 S. FORAGE PRE N. D. (0.006) I
4102 5W SOIL 0 4.16 4002 5W FORAGE 0 190
4103 5W SOIL 0 2.63 4003 5\11 FORAGE 0 34. 6
4104 5W SOIL 1 5.48 4004 514 FORAGE 1 109
4105 514 SOIL 1 3.0B 4005 5\11 FORAGE 1 19.1
4106 5W SOIL 3 1. 53 4006 5W FORAGE 3 5.4
4107 SW SOIL 3 3.72 4007 5\11 FORAGE 3 24
4108 5W SaIL 7 1. 24 400B 5W FORAGE 7 0.19
4109 SW SOIL 7 1. 03 4009 5\11 FORAGE 7 4.33

4110 8W SOIL PRE N. D. (0.005) + 4010 BW FORAGE PRE N. D. (0.006) f

4111 BW SOIL 0 10.4 4011 8W FORAGE 0 219
4112 8\11 SOIL 0 4.96 4012 BW FORAGE 0 88.9
4113 BW SOIL 1 1.7 4013 BW FORAGE 1 223
4114 8W SOIL 1 4.46 4014 8\11 FORAGE 1 134
4115 8W SOIL 3 7.36 4015 8\11 FORAGE 3 21.8
4116 8W SOIL 3 3.56 4016 8W FORAGE 3 53
4117 8W SOIL 7 3.0B 4017 8W FORAGE 7 0.72
4118 8W SOIL 7 2.35 4018 8W FORAGE 7 0.59

4119 12E SOIL PRE N.D. (O.OOS)+ 4019 12E FORAGE PRE N.D. (0.006)+
~120 12E SOIL 0 4.38 4020 12E J::ORAGE 0 69.7
4121 12E SOIL 0 3.63 4021 12E FORAGE 0 24.7
4122 12E SOIL I 1. 87 4022 12E FORAGE 1 120
4123 12E SOIL 1 1.33 4023 12E FORASE 1 5.71
4124 12E SOIL 3 2.8b 4024 12E FORAGE 3 13.9
4125 12E SOIL 3 5.03 4025 12E FORAGE 3 51.1
4126 12E SOIL 7 4.44 4026 12E FORAGE 7 1. 24
4127 12E SOIL 7 3.75 4027 12E FORA6!~ 7 4.26

IHONE DETECTED ABOVE LIMIT OF DETECTION

RECOVERIES

4101 SPIKED (Iecg = O.IOppI)
4110 SPIKED (11cg : 0.10PPI)
4119 SPIKED (21C9 ; 0.20pPI)

Itl ll REC.
1131 REC.
1031 REC.

FORMULATION

RECOVERIES

4001 SPIKED (4acg : 0.16PPI)
4019 SPIKED (4ncg = O.16ppl)
4010 SPIKED (4lcg = O.lbppI)

87.3XWT./VOL.

liS! REC.
1107. REe.
115~ REC.

.l
/



CHLORPYRIF05

SPL. NO. PLOT PRODUCT DAY CHLORPYRIfOS (PPI) SPL. NO. PLOT PRODUCT MY CHLORPYRIFOS (ppll

0101 9W Soi 1 Pre. H.D. (0.001)1 0001 9W Forage Pre. N. D. 1(0.0061
0102 9W Soil 0 0.37 0002 9W Forage 0 3.70
0103 9W Soil 0 0.15 0003 9W Forage 0 7.94
0104 9W Soil 1 0.07 0004 9W Forage 1 2.48
Oi05 9W Soil 1 0.15 0005 9W Forage i 0.94
0106 9W Soi 1 3 0.07 0006 9W Forage 3 0.83
0108 9W Soil 7 0.009 0008 9W Forage 7 0.55
0109 9W Soi 1 7 0.003 0009 911 Forage 7 0.25

0110 ~2W Soil Pre. N. D. (0. 001l t 0010 12W Forage Pre. N.D. ({O,O061
0111 12W Soil 0 0.22 0011 12W Forage 0 3.03
0112 12W Soil 0 0.09 0012 12W Forage 0 10.,4
0113 12W Soil 1 0.04 0013 12W Forage 1 2.4Q
0114 12W Soil 1 0.13 0014 12W Forage 1 1. 09
0015 12W Soi 1 3 0.03 0015 12W Forage 3 1. 43
0116 12W Soil 3 o.~~ OC16 12W Forage 3 1. 49
0117 12W Soil 7 0.008 0017 12W For6ge 7 0.08

0018 12'1 Forage 7 0.03
0119 13E Soil Pre. N.D. «O.OOll t

0120 13E Soil 0 0.07 0019 13E Forage Pre. N.D. (0.0061
0121 13E Soil 0 0.05 0020 13E Forage 1\ 6.14v

0122 13E Soil 1 0.08 0021 13E Forage 0 6.02
0123 13E Soi 1 1 0.09 0022 13E Forage 1 0.78
0124 13£ Soil 3 0.03 0023 13E Forage 1 1.06
0125 13E Soi 1 3 0.02 0024 13E Forage 3 0.59
0126 13E Soil 7 0.01 002S 13E Forage 3 0.79
0127 13E Soil 7 0.01 0026 13E For age 7 0.19

0027 13£ Forage 7 0.41
RECOVERIES

FORltULATION 43.44 "t. IvaI.
0101 Spiked (50 ng = 0.005 ppil 69.01 Ree.
0110 Spiked (50.0ng = 0.005 ppil 108.01 Ree. RECOVERIES
0119 Spiked (SOOng =0.05 ppil 94.81 Ree.
0110 Spike (SOOng =0.05 ppa) 99.61 Rec. 0001 Spiked (500ng = 0.02 PPII 1151 Rec.

0010 Spiked (500ng = 0.02 ppil 110% Rec.
0019 Spiked 1500ng =0.02 PPII 1151 Rec.

tNothing Detected Above Lilit of Detection



BUDIOCARB

SPL HO PLOT PRODUCT DAT BUDIOCAiB(PPft) SPL RO PLOT PIODUCT OAT BUDI OCHB( PP8)
31 01 31 SOIL PRI R.D.«0.10)' 3001 31 rORAGI PRJ R.D. «0.10)*
3102 3X SOIL 0 0.38 3002 31 rORAGI 0 2.65
3103 31 SOIL 0 0.11 3003 31 rOUGI 0 2.06
3104 31 SOIL 1 0.49 3004 31 rORAGI 1 2.81
31G5 31 SOIL 1 0.34 3005 31 rOUGI 1 2.09
3106 31 SOIL 3 0.36 3006 31 rOUGI 3 0.S9
3101 31 SOIL 3 0.26 3001 31 lORAGI 3 0.51
3108 31 SOIL 1 0.1 3008 31 lOUGI 1 0.49
3109 31 SOIL 1 0.26 31109 31 FOUGI 7 0.81

3110 81 SOIL PBI R.D.«0.10)'
3111 81 SOIL 0 0.45 30ID 81 rOUGI PII R.D. «0.10)*
3112 81 SOIL a 0.6 3011 81 rOUGI 0 2.22
3113 81 SOIL 1 0.45 3012 81 rORAGI 0 1. 9~
31H 81 saIL 1 &.1 3013 81 fGRAGI 1 2.06
3115 81 SOIL 3 0.2 3014 81 rOIAGI 1 3.44
3116 81 SOIL 3 &.25 3015 81 rOUGI 3 0.43
3111 81 SOIL 1 0.3 3016 81 rOIAGI 3 0.85
3118 81 SOIL 1 0.26 30lT 81 10UGI 7 0.13

3018 81 rORAGI 1 0.2
3119 101 SOIL PRE I.D. «0.10)'
3120 101 sarL a 0.64 3019 101 rOilGI PRI I.D. «0.10)'
3121 101 SOlL 0 0.94 3028 101 rORAGI 0 3.09
3122 101 sorL 1 0.22 3021 101 rOUGI 0 1.6
3123 101 SOlL 1 0.55 3022 101 rOIAGI 1 3.08
3124 101 SOlL 3 0.3 3023 101 rOUGI 1 2.9%
3125 101 salL 3 0.04 3024 [01 rORAGI 3 2.96
3126 101 SOlL 7 0.13 3025 101 rOUGI 3 2.02
3127 101 SOlL 7 0.33 3025 101 rORAGI 7 0.21

3021 101 rOUGI 7 0.33
rORBOLATlOI 18 .SUGTIfOL 19.6UGT/IGT

SIP-PAl alco'iry 95.31 RIC
3110 SPIII(lBCQ - 1~ : O.lPPI) 99.51 RIC 3019 SPIII(10ICG - 10GB: 1PPI) 1041 RIC

1 RORI DITICTID ABOYI TBI LIBIT IZDICATID.



CARBARYL

SPl NO PLOi FRQ~U:i DAY CAF:BARYL (PP~) SPL NO PLOT ~·~QDU~i DAY CARBi1F. YL I PP~)

5,)01 lW FORA.BE FEE N.D. (0.10)t 5101 lW SJIL PRE N.D. «O.O~)t
5002 lW FORA5~ 0 66.2 5102 lW SOIL (I 3.06
5003 lW FORh6E 0 19.7 5103 IW SOiL 0 3. ~16

5004 :w FOP.AS: 1 28.8 5104 IW SOIL 1 0.7
5005 'u FOR,1cE I ~" 7 5105 lW SOIL 1 0,76(0.7:)III ~.:..

5006 Ik FORAGE 3 42. 1 5te!6 lW SOI~ 3 4,43
5007 lW FOR~6E

~ 24.9 5107 lW sell 3 2.07"
5008 IW FORAGE 7 1. 88 Sloe lW sorL 7 2.29
5009 IW FORAGE 7 19.5 5109 lW SOIL 7 0.1:93

5010 4E FORA8E PRE N. D. (0.10) t 5110 4E SOIL PRE N.D. (0.060)+
5011 4E FORAGE 0 118 5111 4E SOIL 0 2.63
5012 4E F~RA6E 0 130 5112 4E SOIL 0 3.43
5013 4E FORAGE 1 50 5113 4E SOIL 1 0.81
5014 dE FORAGE 1 9.49 5114 4E SOIL 1 O.~l(O.29)

5015 4E FORAGE 3 21.3 5115 4E SOIL 3 1.15
5016 4E FORAGE 3 67.9 5116 4E SOIL or 1. 34>J

5017 4E FORAGE 7 26.3 5117 4E SOIL 7 0.53
5018 4E FORA6E 7 73 5118 4E SOIL 7 0.979

5019 6E FORAGE PRE N.D. (0.10) f 5119 bE SOIL PRE N.D. (O.ObO)
3020 bE FORAGE 0 52.7(55.6) 5120 bE SOIL 0 0.B5
5020 6E FORAGE 0 51.4 5120 bE SO!L 0 0.77
5022 bE FORA6E 1 20.1 5122 6E SQIL 1 1. 59
5022 6E FORAGE 1 46.6 5122 bE SOIL 1 3.27
5024 bE FORAGE 3 10.2 5124 6E SOIL or 1. 34~,

5024 bE FORAGE 3 12.a 5124 6E SOIL 3 0.91
5026 6E FORAGE 7 7.37 5126 bE SOIL 7 0.814
5026 bE FORAGE 7 Ib.7 512b 6E SOIL 7 0.5

500111 SPIKE(NO CLEAN-UP COLU~N USE 95% REC 5101 SPIKE(llcg = O.10ppm) b3! REC
5001 SPIKE(llcg = O.04ppm) bBI REC 5110 SPIKE(lmcg = O.10PPI) an REC
5010 SPIKEllmcg : O.04PPI) b51 REC
5019 SPI~Ellmcg = 0.04pp~) 651 REC FORHULAiICN 43.3% W6T/WST

J~OHE DETECTED ABOVE LIMIT OF DETECTION INDICATED
ttCLEAN-UP NOT USED ON SAMPLES



~:ARATE (Lambda-cyhalothrin)

SPL NO PLOT PRODUCT DAY KARATE(PPMl SPL NO PLOT PRODUCT DAY KARAiE(PP~)

2001 211 FORAGE PRE N. D. (0.001) f 2101 2W SOIL PRE N. D. (0.001 .. +
2002 2W FORAEE 0 0.012(0.0111U 2102 211 SOIL 0 0.04b
2003 2W FORAGE 0 0.274 2103 2" SOIL 0 0.011
2004 2W FORAGE 1 0.055 2104 2W SOIL 1 0.041
2005 211 FORAGE I 0.011 2105 2W SOIL 1 0.02
2006 2W FORA6E .. 0.027 210b 2W SOIL 'T 0.016.\ v

2007 2W FORAGE 3 0.114 (0. 020l H 2107 2W SOIL 3 0.006
2008 2W FORAGE 7 0.091 2108 2W SOIL 7 0.016
2009 2W FORAGE 7 0,007 2109 2W SOIL 7 0.007

2010 4W FORAGE PRE N. D. (0.001)1 2110 4W SOIL PRE N.D. (0.001)+
2011 4W FORAGE 0 0.158 2111 4N SOIL 0 0.007
2012 4W FORAGE 0 0.432 2112 411 SOIL 0 0.013
2013 4W FORAGE 1 0.08 2113 4W SOIL 1 0.004
2014 4W FORAGE 1 0.191 2114 4W SOIL 1 O.OOb
2015 4W FORAGE 3 0.044 2115 4W SOIL 3 0.004
2016 4W FORAGE 3 0.001 2116 4W SOIL 3 0.018
2017 411 FORAGE 7 0.017 2117 4W SOIL 7 0.004
2018 4W FORAGE 7 0.007(0.OOblH 2118 4W SOIL 7 0.01

2019 7W FORAGE PRE N. D. (0.001 l t 2119 7W 'SOIL PRE N. D. (0.0011 f

2020 7W FORAGE 0 0.94 2120 7W SOIL 0 0.02
2021 7W FORAGE 0 3.64 2121 7W SOIL 0 0.013
2022 7W FORAGE 1 1.14 2122 7W SOIL 1 0.026
2023 7W FORAGE 1 0.311 2123 7W SOIL 1 0.025
2024 7W FORAGE 3 0.114 2124 7W SOIL 3 0.027
2025 7'1 FORAGE 3 0.105 2125 7W SOIL 3 0.008
2026 7W FOR" : 7 0.147(0.059)ff 2126 7W SOIL 7 0.01
2027 711 FORAGE 7 0.015(0.026lff 2127 7W SOIL 7 0.012

2119 SPIKE(llcg = 0.10 PPll 97.5% REC.
2001 SPIKE(llcg = O.04ppll 115% REC. 2101 SPIKE(I&cg = 0.10pPll 83% REC.
2019 SPIKE(llcg = 0.04ppml 112.5% REC. 2119 SPIKE(llcg = 0.10PPll 98% REC.

FORMULATI ON 2I WT IWT 1. n WT IYOL
• None Detected Above Limit of Detection Indicated
ff D~plicate Analysis
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APPENDIX S

Species List and Notes on Mammals, Reptiles, anrl Amphibians
Observed Near the Test Site, Tokar, Sudan



APPENDIX S. Species list and Notes on mammals, reptiles, and amphibians
observed near the test s~tet Tokar, Sudan.

Conmon Name

MAMMALS
Shrew
Hedgehog
Bat
House Mouse
Brown Hare

Caraca1
African Wild Cat

Sand Fox

Jackal
Spotted Hyena

Wart Hog

Dorcas Gaze 11 e

REPTILES
Clifford's Snake

Carpet Viper

Dee11 ated Sk inK
tacert id
Mediterranean Gecko
Spotted Gecko

Desert Monitor

AMPHIBIANS
Toad

Scientific Name

Crocrodura reliosa
Paraechinus aethiopicu5
Taphozous perforatus
Mus musculus praetextus
Lepus capensis

Ca raca1 ca raca1
Fe~is sllvestris

Vu1pes pa11ida

Canis sp.
Crocuta crocuta

Phacochoerus aethiopicus

Gaze 11 e dorcas

Spalerosophis dismema
c1iffordi

Echis pyramidum

Chalcides levitoni

Acanthodactylus sp.
Hemidactylus turcicu~

Stenodactylus
sthenodacty1us

Varanus griseus

Bufo sp.

Notes

Collected in pitfall traps on plots
Observed on plots
Observed and collected around camp
Observed and collected around camp

Seen in auto headlights, seen in
C~lotropis thicket

Two observed around camp one night
Seen in auto headlights

Seen in auto headlights

Heard at night around camp
Heard at night in garbage dump, den

observed on piot
Seen in auto headlights

Seen on road to Trinkatat

At base of acacia tree in camp

In acacia thicket near camp

Collected in camp
CaRlnon on sand dunes near plot llW
Collected in camp
Collected in pittalls on plot lE

Two seen fighting on plot 6E

Found buried in soil, seen hopping
in grass
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This report outlines a technicnl plan for testing the efficacy of eight

pesticide~ on the desert locust (Schistocerca greqaria) in the Tokar region

of Sudan and for monitoring the effects on beneficial flora and fauna,

determining pesticide residue levels, and assessing possible effects of

bioaccumulation and magnification.

The plan is organized as follows:

I. Purpose

II. Selection of Test Chemicals

III. Schedule

IV•. Design of the ~esting Program

V. Efficacy

VI. Environmental Impact

- Nontarget Arthropods (Beneficial Insects)

- Plants and Vertebrates

- Residues

VII. safety Procedures

VIII. Staffing

IX. Reporting

I. PURPOSE

The project proposed for Sudan is part of a larger USAID scientific

program to test the efficacy and environmental effects of certain pesticides

used, or being considered for use, by the U.S., other international donors,

and African countries to combat the threat of grasshoppers and locusts.
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The project is being coordinated with other pesticide testin,g programs

through the Food and Agriculture organization, Rome. The findings are

expected to contribute to decisions concerning the use of pesticides in

future AID-funded control projects and will also contribute inf9rmation for

use by other donors and African countries.

The project consists of programs 1n two zones of Africa: West Africa

and East Africa. Mali was the site of the 1987 West African testing

program,. The Republic of Sudan haS been chosen as the site of the East
•

African program.

The program will work on the desert locust and the Senegalese

grasshopper. It will:

A. Test the efficacy of eight pesticides: and

B. Monitor the environmental impact by

1) determining the effects of the pesticides on nontarget

organisms, including locust predators and parasites and

other fauna and flora, and

2) estimating any impact of residues of the pesticides in the

environment.

II. SELECTION OF TEST CHEMICALS

Eight pesticides were selected for the Mali test program from a list of

candidates supplied by AID (see Mali Technical Plan, July 1987). All eight

chemicals proved to be efficacious against the Senegalese grasshopper and

warrant inclusion in the test program against the desert locust. In Sudan,

the biolo~y of the target organism and the environment in which it is lives

differ substantially from that encountered in the Mali program.



-3-

For this reason the Sudan trials will provide new information on all eight

pesticides. In addition, testing of the same suite of chemicals will permit

direct comparison among pesticides and assure consistency in the overall AID

African Grasshopper/Locust Pesticide Testing project. The following

pesticides will be tested at the manufacturers recommended rates for

efficacy and environmental impact:

compound Chemical Class Tradenarne Formulation

Fen1trothion organophosphorus sumithion L5D

Malathion organophosphorus Malathion 96\ ULV

Chlorpyrifos organophosphorus Dursban 450 ULV

Diazinon organophosphorus Basudin 90 sec

Bendiocarb carbamate Ficam 20\ ULV

Carbaryl carbamate Sevin 4-011

Lambda-cyhalothrin pyrethroid KaJ:'ate 4\ ULV

Tralomethrin pyrethroid Scout 3.75\ ULV

An additional interest in the testing of pesticides against the desert

locust 1s the identification of persistant compounds which remain effective

against lo~~sts for two weeks or longer. If timing and testing conditions

permit, a second efficacy trial will be performed on selected compounds to

determine their persistence as control agents. Carbaryl, because it

exhibited the greatest persistence in the Mali trials, will be included.

ThL~e as yet undetermined microencapsulated compounds will complete the list

of fOUL chemicals to be tested for continuing control of the desert locust.
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III. SCHEDULE

The test program has been designed as two parallel tests to determine

efficacy and environmental impact, respectively. Each test phase will involve

site survey and delineation, spray activities i and the actual efficacy (Phase

I) or environmental (Phase II) sampling. The efficacy test trials will use

locust bands as the treatment units and likely will require spraying areas of

4 to 8 ha. The environmental impact test trials will require the spraying of

100 ha plots. The timeframe of the efficacy trials 1s 8 days for survey and

pretest sampling, 20 days for spraying and simultaneous posttreatment

sampling. The environmental test trials will take approximately 30 days to

complete. These numbers are approximations and could vary by as much as 20

p-.rcent. We believe though, that the Dynamac field team would be in the

country on the order of 60 days.

The field operations manager, the logistics coordinator, and the

scientific coordinator will arrive in Khartoum in January to make arrangements

for the earliest initiation of field trials in the Tokar Delta.

The field testing schedule, which is governed by rainfall patterns and

subsequent locust outbreaks, is expected to be apprOXimately as follows:

o elficacy trials: February

o environmental trials: March

This period has been selected because winter breeding populations of

locust that are suitable Eor testing arB expected to be present and because it

encompasses the ecological conditions that exist during normal winter locust

control campaigns.
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IV. DESIGN 0' THB TESTING PROORM

The testing program in Sudan has been designed to include a number of

options to take into account the uncertain conditions facing field trials.

Manpower and resources have been allocated so that the principal obje~tive of

determining the efficacy and environmental effects of the eight pesticides at

the recommended rate will be accomplished under the expected field

conditions. The inclusion of a second rate and additional testing are planned

where the target densities and sampling options permit.

An initia~ assessment of the magnitude and distribution of testable

locust populations will be made when the field team first arrives at the

site. If testable hopper bands are numerous over a large area, a single trial

using 100 ha plots will be conducted for both efficacy and environmental

impact determinations. If, as expected, the distribution of hopper bands does

not cover an area adequate for large plot (100 hal efficacy testing, full

effort will be applied to the identification of single hopper bands that can

be used to test the efficacy of all eight pesticides at the manufacturers'

recommended rate. This will require the designation of 36 hopper bands as

test replicates to be sprayad in a randomized design. If the hopper bands

prove to be numerous enough, a second lower rate will be tested simultaneously

in a design of 68 distinct bands. If no testable locust populations can be

found, trials for environmental impact will be undertaken tmmediately.

Assuming that the efficacy trials are initiated on plots unsuitable for

the environmental test, a second search will be made for plota to assess

environmental impact. Thirty 100 ha plots will be designated as treatment or

control plots to determine the effects on nontarget arthropods and
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vertebrates. Two pretreatment sample dates will be used for each plot so that

adequate baseline data can be obtained. If conditions for efficacy testing

remain favorable, the efficacy team will conduct· a separate trial to test for

the persistent control effects of certain pesticides, including

microencapsulated forms, while the environmental tmpact sampling continues.

This environmental s«apling will be conducted in grassland areas usually

exposed during normal locust control operations. If potentially sensitive

areas such as cropland and aquatic habitats are available and can be sprayed

safely, they will be included in the environmental.test design.

v. EFFICACY

A. Objectives

The testing of pes~icides against the desert locust presents many

practical obstacles which must be dealt with by decisions made in the field.

In doing so, cooperation with oth~r organizations (PPO/MOA/GOS, OLCQ-EA, FAO)

operating in the region will prove invaluable. To the extent possible USDA

testing protocols will be used and all modifications will be directed by the

need to maintain scientific validity. In particular, the following factors

must be taken into account when determining efficacy: the developmental stage

of the pest, the stage in the outbreak cycle, and the severity of the

infestation. The principal objective will be to determine ~hich pesticides,

applied at their recommended rate, achieve 90\ mortality of the desert locust.

8. Experimental Design

The initial survey for testable populations of desert locusts will

be especially important in determining the test design, treatment method, and

sampling protocol. It is 'assumed that nymphal locusts will be abundant and
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that distinct hopper bands can be identified. once an area with a sufficient

number of hopper bands has been selected, we will layout a grid (5 x 5 km)

with markers every 500 m. Daily surveys of this grid will provide information

on the location of hopper bands that can be designated as four replicate

target areas for treatm~nt with a ~ingle chemical the followiklg day. While

the treated area should never be less than 0,5 ha we plan to spray buffer

areas surrounding the hopper band so that the treatments will cover between 4

and 8 ha each. The arrangement of these target areas will be randomly chosen

and adequately s~aced to ensure the integrity of each test area.

Upon the discovery of each hopper band a transect or area counting

method will be used to determine the density of hoppers per square meter. The

application of the pesticide will be completed the following morning and 8 lir

counts of live and dead hoppers will be made that afternoon. The sprayed area

will be marked and eliminated from further consideration as a testing area.

Counts of live and dead hoppers will be made the next morning (24 hr) and on

day 3 (72 h), using collapsible cages to prevent emigration if necessary. At

each sampling period, untreated hopper bands designated as controls will be

counted. Surveys and treatments will continue until all eight pesticides have

been sprayed.

When the primary efficacy testing trials have been completed, the

efficacy team will develop a plan for testing the parsistance of four

compounds. A second area will be identified with predictable marching hopper

bands that lend themselves to barrier spraying. Three replicate strips of

1 km length and 300 m width will be sprayed for each pesticide. These will be

oriented perpendicular to the direction of the march of the hopper bands and
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sp&ced (1 km) so that bands do not contact different treatments. As the bands

approach the treated areas, density counts will be done in each band. counts

within the treated strip will be done at a hr and 24 hr. As successive bands

contact the sprayed strips, hopper counts will refJ~ct control at varying

times postspray. Counts for mortality will continue for 2 to 3 weeks.

Although the fundamental approach of ~hese persistEtnCe trials will be to

duplicate normal barrier spraying techniques and to measure the effect of

free-ranging hoppor bands, an alternative c~ging experiment has been planned.

Where bands are not available, individual h.>ppers will be collected and caged

on smaller are&s (1 ha) of sprayed vegetation. Additional hoppers will be

cClptured and caged at different times postspray. Complete mortality counts

will be conducted within each cage.

c. Application Procedure

All treatments will be applled aerially from micronair-mounted

fixed-wing aircraft. Before the efficacy and environmental impact trials are

initiated, an application testing trial will be conducted to assure that all

materials are being applied consistently and according to manufacturers

recommendations. The team's application specialists, cooperative scientists

from OLCO or other agencies, and manufacturers· technical representatives will

be involved whenever poss_ble. This test session should assure

standardization in flying speed and height, swath width, and rate of output as

determined by blade angle setting and flowmeter calibration.

We will use the deposition cards recommended by the manufacturers

to verify that th~ prescribed droplet sizes and densities have been achieved

in each spray r~,. Specifically, a grid of nine cards will be placed in the
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target area before spraying. They will be collected for an~lysis of droplet

size (volume median diameter) and droplet density (per square cm)". All spray

runs will be confined to favorable weather conditions (winds of about 3 m/sec

and minimal convective turbulence). Temperature, wind speed and direction,

and relative humity will be recolded and a line of seven spray cards will be

placed in the direction of potential drift to assure plot integrity.

D. Data Analysis

Data will collated in the field to assure complete records of all

sampling dates. The numbers of locusts per sampling unit will be analyzed in

a completely randomized or blocked design ANOYA (analysis of variance) with

mean separations determined for each sample date using an experimentwise

probability level of 0.05. The efficacy results will. be presented in tabular

and graphical form as percent reductions adjusted for simultaneous control

counts.

VI • ENVIRONMENTAL IMPACT

A. Objectives

The goal of ascertaining the environmental impa(t of these eight

pesticides when used for desert locust control requires three efforts: 1) an

evaluation of the overall effect on the nontarget invertebrate fauna,

especially beneficial insects, 2) a determination of direct ~ffects on plants

and vertebrates, and 3) an analysis of the levels and persistence of pesticide

residues in the important environmental. substrates. Our objective is to

characterize the effect on the grassland ecosystem usually exposed to control

efforts against the desert locust. If the environments are available and can

be sprayed safely, we will also undeLtake to assess the environmental
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impact on croplands or aquatic habitats that might infrequently or

inadvertantly be sprayed during a control campaign.

In particular, each pesticide will be reviewed and evaluated for

its potential &dverse effects on locust parasites and predators, para~ites and

predators that control other pest species, and other insects that directly

affect the agricultural and grazing ecosystems. Principal known natural

enamies of the desert locusts are listed below:

Stomorhina lunata, fly larva predatory on eggs

Systoechus somali, bombyl1id fly predatory on eggs

~laesoxlpha filip1evi, sarcophagid fly parasitic on nymphs/adults

sarcophaga destructor, sarcophagid fly parasitic on adults

Symmictus sp., internal parasite of hoppers

pr~datory ants.

B. Exper~ental Design

The environmental team will survey the surrounding region for areas

large enough to include thirty 100 ha plots spaced at distances of no less

than 500 m. As mentioned above, sensitive habitats may be included .and they

will be incorporated into a blocked or stratified design. once the plots have

been identified and their boundaries marked, preliminary sampling for baseline

data will begin. Two or three sample dates will be used for each of 24

treatment plots (3 replicates for 8 pesticides) and 6 control plots. All

treatments will be assigned randomly and the topography and vegetation of each

plot will be recorded.
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The evaluation of impacts on beneficial insects will involve two

parts. First, a search fo~' the natural enemies listed above in areas with

substantial locust populations (the efficacy trials). Second, an assessment

of the results of broad-taxa sampling for effects on families of insects that

include known beneficial species (the environmental impact trials). The

beneficial insect specialist will work with the e~ficacy team to discover

instances of mortality among beneficial species in the treatment areas. If

one or more beneficial species are abundant enough to include in the general

sampling program, special efforts will be made to collect them during the

large plot (environmental) nontarget insect saro~11.n9 or the persistence

efficacy trials. Special attention will be paid to the life cycles and

habitats of these species so that possible mitigation of adverse effec~s can

be recommended. It is expected that a large part of the results will be

unreplicated so the best possible records will be kept.

Although nontarget invertebrate sampling will concentrate on

arthropods, especially insects, the top 5 em of soil 1n each plot will be

sieved for oligochaetes and other soil fauna. General. sampling for th~

arthropods will be divided into ground-dwelling and flying components.

Pitfall traps in grids of 16 small (500 ml) cans will be placed in each

treatment and nondestructively sampled to obtain pre- and posttreatment

abundance of beetles, hem1pterans, spiders, and scorpions. Sticky traps will

be deployed at two heights to obtain 48 hr counts of flying insects.

Transects will also be used to gather measures of live and dead arthropods for

each sample period. A second meth~l for assessing the impact of nontarget

arthropods is the selection of indicator species which are abundant enough to
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demonstrate adverse effects as they exist. Two taxa important in the normal

functioning of the ecosystem are proposed for sampling as indicator species,

harvester ants and web-building spiders. In both cases permanent foraging

sites can be marked for repeated sampling. Where available, anthills and

~hrubs with spider webs will be sampled in each plot. Direct mortality and

foraging success will be measured.

A preliminary faunal survey utilizing mist nets and ronent and

pitfall traps will be conducted to identify the exi~ting vertebrates and

document their abundance. This characterization will help us develop

scenarios of potential effects. It is expected that although most vertebrate

groups will be rare, at least birds and possibly lizards will be abundant

enough to include in our test by sampling all plots with transect walks. Two

transects of 400 m each will be walked in each plot while recording all

carcasses and live lizards seen within 10 m and all birds seen within 50 m.

As with the arthropod sampling, 2-3 samples both pre- and posttreatment will

be taken. All carcasses will be collected for cholinesterase and pesticide

residue analysis. In addition, six live birds from each treatment will be

sacrificed for determination of possible cholineste!rase inhibition.

Residue samples of up to four media will be taken from each plot:

soils, grasses, shrub foliage, and animals. In order to obtain a measure of

residue pArsistance, samples will be taken the day of spraying (8 hr), and day

1, day 7, and day 14. All sampl9s will be immediately chilled and frozen upon

return to the camp. Where possible, split samples will be taken so that the

Sudanese lab in Wad Medni can carry out immediate analysis while dU~licate

samples are shipped to the United States. The sampling procedure will employ
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composited samples taken over a grid large enough to encompasses a minimum of

two swath widths. Sterile procedures will be followed to guard against

contamination of the samples. The use of control plots will provide baseline

data for the chollnesterase and residue results. Procedures for conducting

the residual sampling are set forth in Appendix I of the Mali Technical Plan.

It should be noted that all the crops and substrates listed in Appendix I will

not be directly applicable to the tests in the Tokar region.

C. Data Analysis

As with the efficacy results, the environmental data will be

collated in the field to guarantee that all treatments have been equally

sampled for a balanced test design. Where possible, abundant species will be

analyzed separately: in any case, complete faunal numbers will be analyzed for

each group. Analysis of variance (ANOVA) techniques ~nd appropriate multiple

comparison methods will be used. If the data is extndely variable, all

pretreatment samples will be pooled and compared directly with pooled

posttreatment samples in a Before-After-Control-Impact (BACI) design.

VII. SAFETY PROCEDURES

The following provisions will be made to assure safety of the project

personnel and the Sudanese population in adjacent areas:

A. The pilots and applicator are certified for spray application of

pesticides. RS certified operators, they will be required to adhere

to approved practices in handling and applying the pesticides.

B. All project staff will receive on-site training in safety procedures.

The field operations manager will be responsible for providing the

training.
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C. During the spray operations, we will work with the representatives of

the Plant Protection Department to assure that the population in the

area concerned is aware of the activity and takes proper precautions

to minimize exposure of humans and domestic animals. The test plots

will be selected to avoid spraying in close proximity to villages, and

pilots will be instructed to avoid spraying large herds of domestic

animals.

STAFFING

Staffing for the Tokar operation will be as foll{JWs:

A. Management and Coordination

o Field Operations Manager - M. Brown

o Logistics Coordinator - P. Bernard

o Scientific Manager - M. Southerland

B. Efficacy and Beneficials Team

o Leader - T. Schwartz (Efficacy)

o Members - R. Kepner (Beneficials)

H. Khoury (Efficacy)

w. Yates (Application)

C. Environmental Impact Team

o Leader - M. Southerland

o Members - J. Evans (Residues)

A. Giraldi (Sampling)

D. Aerial spraying

o Pilots (2)

o Mechanic
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E. Participation by Government of Sudan

It has been proposed that the Government of Sudan participate by:

o Provision of six counterpart personnel (agricultural and

environmental scientists) from appropriate ministries.

o Assignment of an administrative liaison officer to work with the

field operations manager in maintaining communications and

expediting clearances.

o Assigrment of a scientific liaison officer to work with the

scientific manager in providing needed technical advice and

resources.

F. Other

We anticipate some additional on-site personnel, such as observers from

chemical companies and FAO.

IX. REPORTING

All field results will be fully documented. Summary updates of the

progress of the field research will be provided every two w',)eks. A full

report on the field tests will be prepared for USAID by J~ne 1988. copies

will be provided to the Government of Sudan. The findings of both the West

and East African programs will be incorporated into a comprehensive final

report of the overall testing project.
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Weather Data from the Test Site, (Tokar, Sudan)
for the Years, 1980-1988



Seaso
lotaljFebJan

_______1988 _

Mar April MayDecNovAuqJulyJune

__________1987 _

Sep OctInstrument Observation



Seasol
TotalFebJan

_______1988 _

Mar April MayDecNovAuqJulyJune

__________1987 _

Sep OctInstrument Observation

Mean Daily High Temp °C -- -- 43.0 40.9 37.5 33.6 36.5 27.8 28.3

Maximum Daily H1gh Temp °C -- -- 45.5 44.0 41.6 37.0 36.4 23.0 31.7
Minimum Daily High Temp °C -- -- 40.2 37.6 31.8 36.5 23.5 22.8 25.1
Mean Daily low Temp °C -- -- 29.8 25.1 26.4 22.2 20.4 19.2 19.8
Maximum Daily low Temp °C -- -- 34.7 27.0 27.7 27.5 24.0 23.5 23.0
Minimum Daily low Temp °C -- -- 26.8 24.2 23.7 22.0 15.0 15.5 16.7
Mean 0800 hr Relative

Humidity(%) -- ._- 41 47 71 73 70 75 73
Total Rainfall (mm) -- -- -- ._- 6.2 20.7 22.8 12.8 Trace -- -- -- 62.5 (
Highest Daily Rainfall (mm) -- -- -- -- 5.8 13.5 5.4 10.5 Trace
Mean Daily Piche

Evaporation (t)* -- --- 20.1 11. 5 7.2 6.0 20.9 5.0 0.5

*To obtain an approximate value for evaporation from a free water surface multiply the piche evaporation (t) by 32.



Season
TotalFebJan

______'987 _

Mar April MayDecNovAugJulyJune

_________1986. _

Sep OctInstrument Observation

Mean Daily High Temp °C -- 43.0 43.2 46.5 36.6 32.3 27.6 27.0 29.6 31.0 31.6

Maximum Daily High Temp °C -- 46.5 45.0 42.5 41.0 35.3 31.0 30.0 33.2 37.2 38.2

Minimum Daily High Temp °C -- 24.0 46.5 36.0 34.5 26.5 23.5 22.1 26.5 26.5 29.5

Mean Daily Low Temp °C -- 29.4 28.8 26.6 26.6 24.0 20.8 19.7 20.9 19.1 21.6

Maximum Daily Low Temp °C -- 32.0 31.6 29.0 28.5 26.2 23.3 23.0 24.0 24.0 21.2

Minimum Daily Low Temp °C -- 26.5 36.0 23.4 26.6 20.0 18.0 11.0 15.5 13.0 16.3

Mean 0800 hr Relative

Humidity (%) -- 37.0 -- 56 63 71 6, 72 73 69 69

Total Rainfall (mm) ._- -- -- 7.5 Trace 60.2 4.3 36.4 Trace 4.0 -- ..- 112.4 (

Highest Daily Rainfall (rom) -- -- -- -- -- 28.2 4.0 13.5 Trace 4.0

Mean Daily Piche

Evaporation (t)* -- 22.5 18.9 13.6 9.1 5.5 3.6 4.4 6.3 6.1 5 7

*To obtain an approximate value for evaporation from a free water surface multiply the piche evaporation (t) by 32.

I



Season

TotalFebJan

______1986. _

Mar April MayDecNovOctAugJulyJune

_________1985. _

SepInstrument Obs~rvation

Mean Daily High Temp °C 41.9 -- -- 41.0 35.7 32.5 29.9 28.5 29.2 31.2 34.7 35.4

Maximum Daily High Temp °C 45.0 ._- -- 43.5 39.0 37.0 41.5 30.3 34.7 37.3 42.2 37.7

Minimum Daily High Temp °C 29.0 -- -- 36.7 34.5 31.0 25.7 25.1 26.2 29.3 29.4 32.2

Mean Daily Low Temp °C 24.9 -- -- 26.1 25.8 25.1 21.8 21.6 20.0 22.3 26.6 26.8

Maximum Daily Low Temp °C 32.5 -- ._- 31.5 27.5 27.0 25.8 24.3 23.7 25.4 27.8 24.0

Minimum Daily Low Temp °C 30.4 -- -- 22.0 23.2 22.5 17 .8 15.3 14.5 18.3 17 .5 18.5

Mean 0800 hr Relative

Humidity (%) 40 -- -- 53 67 69 71 74 75 74 68 56

Total Rainfall (mm) 3.5 -- -- -- -- 8.5 20.4 -- 5.6 1.6 -- -- 36.1 (mm)

Highest Daily Rainfall (mm) 3.5 -- -- -- -- 8.4 20.4 -- 5.3 1.2

Mean Daily Piche

Evaporation (t)* 17 .3 -- -- 12.4 8.4 8.1 7.0 5.7 4.2 5.7 8.4 9.2

*10 obtain an approximate value for evaporation from a free water surface multiply the piche evaporation (t) by 32.



______________1:JO.. _ S~ason I

Total !FebJan

_______1985

Mar April MayDecNovSep OctAugJulyJuneInstrum~nt Observation

Mean Daily High Temp °C 43.1 4:3.4 43.9 40.3 36.9 33.2 -- 30.0 28.2 31.3 34.6 38.5

Maximum Daily High Temp °C 46.5 45.0 45.6 44.5 38.3 35.0 -- 32.2 33.3 39.3 39.0 45.0

Minimum Daily High Temp °C 39.8 40.7 34.5 35.5 34.2 29.5 -- 25.0 25.3 25.8 30.3 33.1

Mean Daily low Temp °C 24.5 28.3 25.5 26.6 25.4, 23.9 -- 22.8 19.3 22.1 22.5 24.8

Maximum Daily low Temp °C 28.5 21.5 30.0 30.5 27.0 26.0 -- 26.5 24.0 25.8 27.3 28.4

Minimum Daily low Temp °C 20.6 22.7 23.0 22.5 23.0 21.7 -- 19.0 15.5 15.0 16.7 20.7

Mean 0800 hr Relative

Humidity (%) 47 34 35 78 72 2.0 -- -- 7.6 7.5 72 62

Total Rainfall (mm) -- -- -- -- -- -- -- -- 4.0 -- 3.8 11. 7 19.5 (n

Highest Daily Rainfall (mm) _.- -- -- -- -- -- -- -- 4.0 -- 3.8 11.5

Mean Daily Piche

Evaporation (t)* 15.2 15.3 14.0 24.7 9.6 -- -- -- 7.4 6.6 8.5 9.9

*To ohtain an approximate value for evaporation from a free water surface multiply the piche evaporation (t) by 32.



Season

TotalFebJan

_______1984 _

Mar April MayDecNovAugJulyJune

_________1983 _

Sep OctInstrument Observation

Mean Daily High Temp °C 42.5 44.1 43.9 42.6 35.5 33.6 30.3 28. 1 29.7 30.8 33.4 38.0

Maximum Daily High Temp °C 47.5 49.5 45.7 45.7 39.4 36.8 34.4 30.8 34.9 37.2 37.2 44.5

Minimum ~aily High Temp °C 38.0 38.5 40.5 37.0 34.2 31.0 -- 24.7 -- 27.0 30.5 34.5

Mean Daily low Temp °C 26.0 27.6 29.8 25.7 24.3 23.3 22.2 20.3 22.3 22.2 22.4 23.6

Maximum Daily Lnw Temp °C 30.5 32.4 33.0 30.3 27.2 26.3 17 .0 23.0 -- 26.4 26.6 27.7

Minimum Daily low Temp °C 21.5 21.2 26.0 23.0 20.7 20.3 -- 16.0 19.4 17.5 15.8 17 .5

Mean 0800 hr Relative

Humidity (%) 40 34 41 44 67 67 79 69 74 71 66 61

Total Rainfall (mm) -- 3.0 -- -- -- 1.00 1.2 1.0 Trace Trace -- -- 6.2 (mm)

Highest Daily Rainfall (mrn) -- 3.0 -- -- -- 3.00 0.4 0.3

Mean Daily Piche

Evaporation (t)* -- -- 21.9 16.0 9.4 9.7 7.4 7.1 6.8 6.9 15.5 8.8

*To obtain an approximate value for evaporation from a free water surface multiply the piche evaporation (t) by 32.



Season

TotalFebJan

_______1983 _

Mar April MayDecNovAugJulyJune

_________1982 _

Sep OctInstrument Observation

Mean Daily High Temp °C 42.1 43.6 43.7 40.9 35.4 31.1 -- 26.7 26.0 26.0 32.6 37.4
Maximum Daily High Temp °C 46.5 46.1 45.0 44.5 38.5 34.8 -- 33.0 31.0 32.6 36.4 46.0

Minimum Daily High Temp °C 36.3 41.6 40.2 37.0 31.3 28.5 -- 22.2 23.4 25.4 30.0 33.0

Mean Daily Low Temp °C 25.2 32.9 32.1 31.4 25.4 22.4 -- 18.9 17.5 15.6 19.5 23.8

Maximum Daily Low Temp °C 30.2 36.0 35.1 33.0 28.5 26.0 -- 24.5 22.0 25.0 26.0 30.0

Minimum Daily Low Temp °C 20.7 29.0 24.0 29.5 21.0 17 .0 -- 12.0 12.5 14.3 14.5 19.2

Mean 0800 hr Relative

Humidity (%) 32 33 40 51 62 63 -- 68 61 73 61 55

Total Rainfall (mm) -- -- 0.2 -- 7.0 0.3 -- Trace Trace 0.4 -- -- 7. 'I (mm)

Highest Daily Rainfall (mm) -- -- 0.2 -- 7.0 0.3 -- -- -- 0.2

~ean Daily Piche

Evaporation (t)* 15.6 21.2 21.4 12.7 11.8 10.2 -- 11. 1 1.0 7 0 --

*To obtain an approximate value for evaporation from a free water surface multiply the piche evaporation (t) by 32.
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_____________ , ;JU"' _

Instrument Observation June July Aug Sep Oct Nov Dec Jan Feb Mar April May
"'1ijig~VI'

Total

-~
~

Mean Daily High Temp °C 42.6 43.2 43.9 42.1 36.8 32.4 31.3 29.1 28.1 29.4 35.0 36.3

Maximum Daily High Temp °C 47.0 46.4 45.8 44.6 40.5 36.5 33.0 33.3 32.1 34.8 43.2 42.4

Minimum Daily High Temp °C 35.3 40.2 41.6 39.0 35.0 25.6 27.8 25.1 33.8 25.8 27.2 34.9

Mean Daily low Temp °C 25.0 30.2 29.4 26.0 26.3 27.1 22.1 21.1 19.0 19.4 23.1 24.6

Maximum Daily low Temp °C 34.2 35.4 33.6 22.5 29.0 26.7 25.1 25.1 21. 7 26.0 27.5 28.3

Minimum Daily low Temp °C 31.0 25.6 25.8 32.5 22.6 21.5 18.5 15.9 13.4 15.0 16.1 20.0

Mean 0800 hr Relative

Humidity (%) 77 40 41 44 62 66 75 71 63 67 61 59

Total Rainfall (rom) -- -- 17 Tr;-ace -- 31.1 0.9 2.3 -- 1.9 Trace ._- 53.2 (11

Highest Daily Rainfall (mm) -- -- 17 -- -- 26.6 0.5 2.3 -- 1.9 Trace
Mean Dally Piche

Evaporation (t)* 18.8 25.8 20.1 14.7 6.5 7.2 6.3 5.8 6.6 7.3 8.6 8.9

*10 obtain an approximate value for evaporation from a free water surface multiply the piche evaporation (t) by 32.



Season

TotalFebJan

______1981 _

Mar April MayDecNovOctAugJulyJune

_________1980 _

SepInstrument Observation

Mean Daily High Temp °C 44.6 43.3 43.4 40.5 36.5 33.6 29.9 28.1 27.7 31.2 34.3 37.8

Maximum Daily High Temp °C 46.5 45.6 45.7 44.3 40.2 28.2 33.2 34.0 31.4 35.6 41.3 46.3

Minimum Daily High Temp °C 31.6 40.5 39.2 36.5 35.0 28.0 23.0 23.2 23.3 27.7 30.8 33.5

Mean Daily low Temp °C 30.1 34.8 29.1 26.2 25.6 24.1 21.0 21.1 19.1 22.6 25.8 23.3

Maximum Daily low Temp °C 36.1 36.2 33.5 28.8 24.2 26.4 24.3 24.5 24.5 26.3 29.3 29.0

Minimum Daily lo~ Temp °C 22.9 25.0 24.5 22.3 23.0 21.8 19.2 18.1 15.5 16.2 22.0 18.8

Mean 0800 ~~ Relative

humidity (%) 44 30 42 56 67 12 13 72 69 35 64 49

Tot~l Rainfall (mm) -- Trace Trace Trace Trace 1.8 9.6 Trace Trace Trace -- -- 17.4 (m

Highest Daily Rainfall (rom) -- -- -- -- -- 6.4 2.9 Trace Trace

Mean Daily Piche

Evaporation (t)* -- -- -- ._- -- -- -- 7.0 7.2 7.7 9.8 10.7

*To obtain an approximate value for evaporation from a free water surface multiply the piche evaporation (t) by 32.
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APPENDIX X

List of Staff a~d Cooperating Personnel
Involved in the Field Trials
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APPENDIX X. list of staff and cooperating personnel involved
in the field trials.

STAFF

Ali Mohdmad, Ickhlas
El Sashir, Sayed
Bernard, Paul
Bettendorf, David
Brown, Michael
Ouszkie~icz, Jozef
£dien Abdel Rahman, Nezam
Evans, Jeffrey
Gabra Butrous, Munir
Gira1di, Al
E1 Hag, Ismail
Hajjar, Nick
Hamid Yousif, Hassan
Hermdng, Chris
Hiemid Moharoad, Abde1 Rhaman
Hirsch, Alian
Kepner, Rodney
El Khidir Taha, Abde1 Moneim
E1 Mahdi, £1 Safie
Mydtowski, Antoni
Nabri, Assad
El Nigoumi, Ebraheem
Rafe, Abdel
Sander. Timothy
Schwartz, Thomas
Sk romny. Ma rek
Southerland, Mark
Stancioff, Andrew
Yates, Wesley

COOPERATING PERSONNEL

Ali, Babiker
Farnsworth, Kate
Fee, Sharon
Ghobria1, George
Karrar, A.H.
Mackie, Anita
Mohamad E1 Amin, Abdel Rahman
Shahata Barsi, Shabban
Shams El Deen~ Hayder
Tingari, Omar
Zaroug, Abde1 latif

Pesticide Residue Specie1,st, PPD
locust Biologist. University of Khartoum
logistics and Camp Manager, Dynamac Corp.
Field Biologist, Oynamac Corp.
Field Operation~ Manager, Dynamac Corp.
Mechanic, Pelate1
locust Officer, PPD
Scientific Coordinator, Dynamac Corp.
Project liaison, PPO
Field Biologist, Dynamac Corp.
Chief Vertebrate Officer, PPD
Project Negotiator, Dynamac Corp.
Inspector, Tokar Delta Agricultural Corp.
Locust Specialist, CICP
locust Officer, PPO
Vice-President, Dynamac Corp.
Beneficial Insects Specialist, CICP
locust Officer, PPD Sudan
Vertebrate Officer, PPD
Pilot, Pezete1
logistician, Dynamac Corp.
Pilot, BanAir
Mechanic, BanAir
Application Specialist, Micronair, ltd.
Efficacy Team leader, CICP
Flight Mechanic, Pezete1
Scientific Manager, Dynamac Corp.
Project Manager, Dynamac Corp.
Application Specialist, CICP

Acting Director, Tokar Delta Agric. Corp.
Acting Project Officer, AID/Sudan
Project Officer, AID/Sudan
Agronomist, AID/Sudan
Head, Grasshopper and Locust Section, PPD
Head, General Development Office, AID/Sudan
Director, Tokar Delta Agricultural Corp.
Chief Locust Officer, PPD
Locust Technician, PPD
locust Officer, PPD
Acting Director, PPD

Note: ctcp - Consortium for International Crop Protection
~?D - Plant Protection Directorate, Ministry of Agriculture,

Government of Sudan
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