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(ABSTRACT) 

The development and evaluation of the pest management program involved 

many different aspects of urban pest control and urban pest management. The 

program consisted of individual pest management programs for the primary urban 

pests in prison environments. Each program involved resource manuals, training 

programs, monitoring methods, decision-making strategies, and methods of 

recording and reporting pest levels and control strategies. The programs were 

designed to be administered by a technician using the resource manuals as a basic 

guideline. A supervisor position was also created as a source of continuous 

monitoring of the program’s progress. The evaluation of the overall pest 

management program concentrated on the program’s effectiveness through; it’s 

ability to reduce pest levels, it’s ability to reduce pesticide use, it’s ability to reduce 

the relative toxicity of the pesticide applications, it’s cost effectiveness, the attitudes 

of all people directly affected by the program, and the knowledge of the individuals 

responsible for administering the program. 

The cockroach and house fly pest management programs were evaluated 

concerning their ability to effectively reduce pest levels. The cockroach program 

achieved 68% reduction over the initial German cockroach populations within the



first month. By the fourth month 95% control was achieved and maintained through 

the prograr ~ entire evaluation period. The house fly program received an average 

of 79% reduction from the previous year after one month of operations. 

The program’s ability to optimize pesticide use and minimize pesticide 

exposure was demonstrated in a 97% reduction in the actual amount of pesticides 

used with the pest management program compared to the previous pest control 

program. In addition to reducing the actual volume of pesticides used, the pest 

management program also provided a 93 - 99% reduction in the relative toxicity 

compared to the previous program. The relative toxicity of the two programs was 

determined by factoring the amount of active ingredients applied with the programs 

and accounting for each pesticide’s toxicity level. 

The evaluation of the cost effectiveness of the program demonstrated an 

increase of $0.59 per inmate per year in materials costs. However, the pest 

management program also resulted in a reduction in the amount of time required to 

treat each of the three prisons by 60% each month. The reduction of time required 

to treat the prison facilities accounted for an overall 52% reduction in costs. 

The analysis of attitudes of the inmates, technicians, supervisors, and 

administration personnel demonstrated that, overall, all groups of individuals 

involved with the program preferred the use of the pest management program over 

the previous program. The general preference of the program resulted in most 

individuals preferring the program ‘somewhat better’ than the previous program.
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Chapter I 

INTRODUCTION AND LITERATURE REVIEW 

Urban pest management concepts have evolved from the more established 

agricultural integrated pest management (IPM) concepts (Stern et al. 1959, Metcalf 

and Luckmann 1975). Through this evolution, many changes have been made from 

the more traditional views. Sawyer and Casagrande (1983) reported the primary 

difference between urban and agricultural pest management programs is the major 

emphasis on sociological factors. Agricultural pest management’s overall objective 

is based on economics, whereas urban programs may be based on aesthetics (Sawyer 

and Casagrande 1983). Sawyer and Casagrande (1983) reported that IPM must be a 

multidisciplinary program that accounts for all types of pests. An objective in urban 

IPM programs is to reduce the amounts of pesticides applied. One survey suggested 

that there has been relatively large amounts of pesticides applied in urban areas 

(von Rumker et al. 1974). The status and prospects of urban IPM were summarized 

by Bottrell (1979). 

Agricultural IPM programs use economic injury levels and economic 

thresholds as a means of regulating the programs (Stern 1966, Smith 1969, Stern 

1973, Metcalf and Luckmann 1975, Mumford and Norton 1984). Urban IPM 

programs are seldom based on economic damage. 

Aesthetic damage caused by an urban pest is based on the target audience’s 

perception of the problem. It is an emotional level rather than an economic level. 

The measurement of aesthetic damage is often expressed as the aesthetic injury 

level (AIL) (Olkowski 1974). Attempts have been made at using both economics



and aesthetics measurements for urban programs (Zungoli and Robinson 1984, 

Raupp et al. 1987). 

Zungoli and Robinson (1984) reported the practical application of AIL for 

German cockroaches. They reported that if a level is set for a certain species of 

insect in a certain environment, it may need to be changed through time. This is 

due to the attitudes of the target audience changing as the actual number of pest 

species change. They reported that as the number of pest species decreased, the 

number that would be tolerated also decreased (Zungoli and Robinson 1984). 

Surveys of attitudes and knowledge have been conducted for a variety of 

urban pests. These reports include: urban arthropods (Byrne et al. 1984, Frankie 

and Levenson 1978, Levenson and Frankie 1983); urban insects (Levenson and 

Frankie 1981); cockroaches (Kellert 1980, Wood et al. 1981, Zungoli and Robinson 

1984, Thoms and Robinson 1987); mosquitoes (Robinson and Atkins 1983), turf 

grass pests (Ravlin and Robinson 1985), and carpenter bees (Barrows 1980). 

In conjunction with surveys of attitudes and knowledge, some researchers 

have suggested the importance of educational programs (Wood 1980, Wood et al., 

1981, Robinson and Zungoli 1985, Thoms and Robinson 1986). Survey results have 

been used to contribute to the development of education programs for target 

audiences (Robinson and Atkins 1983, and Robinson and Zungoli 1985). Zungoli 

and Robinson (1984) and Thoms and Robinson (1986) reported on the evaluation 

of education programs. 

1.1 URBAN PESTS 

Many pests are associated with the urban environment. Some of the major 

pests in urban environments of North America include: German cockroaches, 

Blattella germanica (L.); oriental cockroaches, Blatta orientalis L.; American 
 



cockroaches, Periplaneta americana (L.); Norway rat and roof rat, Rattus 

norvegicus (Berkenhout) and Rattus rattus (L.); house mouse, Mus musculus (L.); 
    

house fly, Musca domestica (L.); domestic pigeon, Columbus livia (Gmelin); house   

sparrow, Passer domesticus (L.); and the European and North American house dust 

mite, Dermatophagoides pteronysisinus (Trouessant), and Dermatophagoides 

farinae (Hughes). There are a variety of other ant, flea, mite, and stored product 
  

pests found in urban areas. Economics, aesthetics, health, and sanitation are some 

of the concerns for controlling these pests. 

Cockroaches. Cockroach control in urban environments is necessitated by 

both aesthetic and health reasons. Wood et al. (1981), Zungoli and Robinson 

(1984), and Bao and Robinson (1988) reported that reactions of people to 

cockroaches in their homes vary depending on the species and population size. The 

health implications of cockroaches is due to their potential to carry and transmit 

disease organisms (Roth and Willis 1957). 

Pest management strategies for cockroach populations have included habitat 

modification, trapping, biological control, and insecticide applications (Piper and 

Frankie 1978, Farmer and Robinson 1984, Thoms and Robinson 1987). Formal pest 

management programs for cockroaches have been designed only for the German 

cockroach (Robinson and Zungoli 1985). This program includes monitoring the 

levels and location of infestations, insecticidal applications, resistance profile, and 

educational programs (Robinson and Zungoli 1985). Thoms and Robinson (1987) 

reported on the aspects of using structural modification strategies for the 

management of oriental cockroaches. The effectiveness of harborage limitation for 

German cockroach management was reported by Farmer and Robinson (1984). 

The use of chemically induced sterility for long term control of cockroaches has 

been considered an important part of IPM programs (Patterson and Koehler 1985).



House Flies. The house fly is a common household pest in urban 

environments. The association of house flies with garbage and manure increases 

their ability to carry pathogenic organisms (Greenberg 1973). The distribution of 

house flies in rural and urban areas has been reported by Peters (1965). Breeding 

sources in the urban environment include garbage and excrement (Schoof et al. 

1954). Seasonal fluctuations of house flies depend largely on the climatic conditions 

and geographic location (Schoof and Savage 1955). 

Little research has been reported on pest management programs for the 

house fly in urban environments. Williams (1982) reported some of the recent 

methods of controlling house flies in urban areas. 

Rodents. Pest rodents in the urban environment include the Norway rat, roof 

rat, field mouse and the house mouse. The pest status of rodents is based on: 1) 

economic loss of food, and food products; 2) potential to harbor and transmit 

diseases of public health importance; and 3) aesthetics. 

Rodent pest management programs, like other pest management programs, 

may include several control and management practices. Poison baiting, rodent 

proofing, trapping, hunting, fumigation and predators are some of the primary 

rodent control techniques that have been used (Lait and Bang 1982). In urban areas 

it is important to include environmental management as the primary long-term 

means of control (Jackson and Marsh 1978). Rodent biology, public health 

importance, and control measures are summarized in Howard and Marsh (1974). 

Rodent biology, ecology, public health importance, and control of the house mouse 

was reported by Marsh and Howard (1976).



Birds. Pest birds in urban areas are limited to a few species. The most 

common are the domestic pigeon and the house sparrow. Bird management in 

urban environments must consider regulations for each species in each particular 

area (Baur and Jackson 1982). Scott (1961) and Feare (1986) reported on pigeon 

control, ecology, public health importance, and management. House sparrow 

biology and current control was summarized by Fitzwater (1983). 

1.2 PRISONS AS MODEL URBAN ENVIRONMENTS 

Correctional institutions are planned environments that change little over 

time. Components of a prison system are: multiple unit dwellings; food preparation 

and storage areas (separated from dwelling areas); industrial areas (mechanical 

buildings, maintenance areas, and manufacturing areas); recreation areas; waste 

disposal locations; administrative buildings; and outdoor environment (shade trees, 

ornamentals, and turf). 

Correctional facilities contain the essential activities found in any urban 

ecosystem. The primary inputs and practices include: the building of structures and 

their surroundings; maintenance of these buildings and the residents; the residents’ 

activities (inmates and personnel); and the addition of new buildings and extensions 

of old buildings. The general maintenance practices performed within these 

complexes include: upgrading buildings; grounds and house maintenance; 

Sanitation; and pest control. 

Little or no research has been conducted on a program that integrates 

control strategies of a complex of urban pests over time and throughout a variety of 

structures. There have been few community-wide urban pest management 

programs for pests other than mosquitoes. Area-wide outdoor programs have been



designed for ornamental and turfgrass pests (Hellman et al. 1982, Davidson and Gill 

1980). 

1.3 OBJECTIVES 

The primary objective of this study was to design a pest management 

program that can be applicable to all Virginia Department of Corrections facilities. 

This program would integrate control and management strategies of insect, rodent, 

and avian pests. Specific objectives are to: 1) design and integrate specific pest 

management programs; 2) reduce pest infestation levels; 3) optimize the amount of 

pesticides applied and reduce pesticide exposure; 4) evaluate the costs and 

workhours required by the program 5) evaluate the attitudes related to the 

program; and 6) evaluate the inmates’, technicians’, and supervisors’ knowledge of 

pests and IPM.



Chapter II 

VIRGINIA DEPARTMENT OF CORRECTIONS PEST CONTROL PROGRAM 

There are over 50 institutions in the Department of Corrections (DOC) in 

Virginia. Twelve of these institutions are youth centers and group homes. Within 

the facilities for adults in Virginia, there are over 19 major institutions which house 

from 500 to 2000 inmates. There are over 30 field units in Virginia. Field units are 

small facilities which house from 75 to 200 inmates. 

The pest control program at DOC facilities is based on DOC personnel 

applying chemical control material on a monthly basis. The DOC has used in-house 

pest control technicians for about 10 years. The pest control program has consisted 

of monthly insecticide treatments of food-handling and storage areas and living 

areas. Other pest control procedures were done only when requests were made 

directly to a technician during the monthly visit. 

2.1 PEST CONTROL PROGRAM PERSONNEL 

The Virginia DOC pest control program is made up of four components: 

sanitation, pest control technicians, pest control supervisor, and safety officers. 

Technicians. There are four pest control technicians responsible for 

providing pest control to all state adult corrections institutions and youth centers 

throughout Virginia. Each technician is responsible for only one region which 

includes differing ratios of major institutions to field units. For example, the 

Southwest region has only two major institutions and nine field units, compared to 

the central region which has five major institutions and only two field units. 
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In January 1990, the DOC changed from a centralized pest control program 

to a program in which each region is responsible for its own pest control activities. 

One technician is responsible for pest control and sanitation personnel are 

responsible for providing technical support in each region. 

The amount of time spent in each institution depends on size, pest problems, 

location, and time of year. The pest control technicians are located throughout the 

State and require from 15 minutes to four hours to travel one way to an institution 

within their region. A large amount of travel time often results in few hours (3 - 5 h) 

actually spent treating a facility. Once at the facility, the technician may spend 30 

min to 1 h waiting for escorts, and for gates and doors to be opened. 

Sanitation and Safety. Sanitation personnel are responsible for providing 

pest control technicians for each institution. In addition, sanitation personnel 

oversee training, certification, secretarial support, materials purchasing, and 

scheduling of technician routes. The regionalization of the DOC, made each region 

responsible for all aspects of pest control, except for technical support. The 

Director of Sanitation provides technical support for chemical use, control 

procedures, and special pest problems. 

The general policy of the Department of Sanitation concerning pest 

problems which occur during periods in which the technician is not available is that 

these are the responsibility of the individual institutions. Safety Officers were 

responsible for additional pest problems. Therefore, Safety officers were employees 

of most major institutions and their basic duties involve inspecting all safety-related 

factors within the facility. Many institutions, such as most field units, do not have a 

safety officer position. The Safety Officer job description is defined by each 

institution and is often quite variable. The pest control responsibilities of the safety



officers are dependant on the institution’s desire to comply with Department of 

Sanitation requests. 

Supervisors. The involvement of the various supervisor positions with the 

pest control program is variable. When the sanitation director was in charge, the 

technicians were generally expected to schedule their own routes. This situation was 

followed by an appointed pest control supervisor position which monitored each 

technician closely. He assisted in developing each technician’s monthly schedule as 

well as scheduled monthly training sessions. The most recent change in pest control 

supervision is the appointment of regional sanitation inspectors. Most of the 

Sanitation inspectors have had no previous pest control experience. 

2.2. THE DOC PEST CONTROL PROGRAM 

The pest control program of the DOC includes monthly visits from the pest 

control technician. The amount of time spent at each institution is generally the 

same each month and is from one half a day to six days. The program consists of 

routine treatments and special treatments that are performed only at the request of 

prison personnel. Requests are often made to the Department of Sanitation by 

telephone messages. 

Pest control procedures performed by technicians involve only those pests 

that are controlled by residual chemical applications, such as cockroaches. Flies and 

rats are not included in the technicians duties. Attempts may be made in controlling 

mice whenever an institution makes a direct request of a technician. 

The cockroach control program currently being used by the DOC involves 

using either a crack and crevice tip or fan spray orifice on a standard compressed air
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sprayer. The primary concern in the selection of chemicals is whether or not the 

area involved requires a chemical labeled for food-handling facilities. 

Standard treatment routines in inmate cells and dormitory areas involve 

technicians entering each cell block or dorm block once a month. During these 

visits the dormitory blocks are generally treated by using a fan spray over the 

baseboards of the entire facility. Cell blocks are treated by the technician asking 

inmates that are present in their cell if they would like their cell sprayed. However, 

this procedure takes place during the daytime. At this time most inmates are not in 

their cells but at work throughout the institution. While they are not present in their 

cells, inmates place personal padlocks on the outside of their cells for which even 

the guards do not have keys. Therefore, inmates that work during the day can have 

their cell sprayed only if they inform the cell guard to have their cell sprayed during 

the next visit of a pest control technician. Inmates are informed at least one week in 

advance of the dates that pest control will be performed. 

In food-handling facilities, pest control procedures include a monthly, 

residual insecticide treatment throughout all unlocked areas. This treatment is 

either done with a pin stream or fan spray. Locked areas are not normally treated 

and include all closets and storage rooms which contain supplies. The monthly 

treatment is often done during the evening when normal operations have ceased. 

Flushing agent is often used in addition to the residual insecticide treatment. Food- 

handling facilities are sometimes treated with an ultra low volume treatment of 3% 

pyrethrins at the end of the routine treatment with liquid insecticide. 

Areas other than food-handling and inmate living areas are treated on an 

irregular basis and often not considered for pest control at all. When problems 

occur in these areas, the personnel in charge of the area calls the Sanitation 

Department. Depending on the situation, the problem may be explained to the 

technician, who will then treat the area during the next monthly visit. Extra visits to
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an institution are rarely made by technicians. Isolation and death row units are not 

treated by technicians. Instead, the guards in these units are supplied with a 

compressed-air sprayer and insecticide. The guards are required to summit in 

writing that a treatment was performed. 

Fly control is not performed by the pest control technicians. Due to the close 

proximity of nearby barns, slaughter houses, and chicken houses, many institutions 

have large populations of house flies. To combat the fly problems at these 

institutions, inmates are often used to treat the kitchen areas with insecticide space 

sprays (fogging) on a regular basis. Most institutions are fogged from one to seven 

times a week between May and October.



Chapter III 

THE PEST MANAGEMENT PROGRAM 

The pest management program developed for DOC by Virginia Tech was a 

composite of several individual pest management programs, resources and manuals, 

training, an inmate awareness program, and program monitoring. The actual 

program also included an overall evaluation study of the program’s effectiveness. 

The program was implemented into three individual prisons, James River 

Correctional Center (JRCC), Powhatan Correctional Center (PCC), and Nottoway 

Correctional Center (NCC). James River Correctional Center was a medium 

security institution with approximately 300 inmates and PCC and NCC were 

maximum security institutions with approximately 600 inmates each. A seven month 

trial period was used to install and evaluate the program within these three prisons. 

Throughout this thesis the terms ‘pest control’ and pest management’ will be 

used in reference to two different types of service programs. ‘Pest control’ will be 

used in reference to routine application of pesticides with or without any monitoring 

methods for pest infestations. ‘Pest management’ and urban IPM will be used in 

reference to the use of a standardized monitoring method for pest infestations 

followed by the use of a decision-making process based on the findings of the 

monitoring procedure. 

3.1 INDIVIDUAL PEST MANAGEMENT PROGRAMS 

The pest management program was composed of individual pest 

management programs. Each primary pest species was included in a separate pest 

12
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management program. Individual pest management programs were developed for 

German and American cockroaches, house flies, rats, birds, and mosquitoes. The 

components of each program varies according to the importance of each pest, the 

degree of difficulty in controlling it, and the degree to which a complex program 

could be practical. The components of most of the individual pest management 

programs involve: training and resource manuals, monitoring methods, decision- 

making and management strategies, recording and reporting methods, and training 

programs. The German cockroach program was used as the emphasis of this 

evaluation. Therefore, most of the following information will primarily pertain to 

the German cockroach pest management program. 

Resource Manuals and Other Literature. The components of each 

individual pest management program were summarized in five different manuals: a 

basic training manual, a technician’s manual, a supervisor’s manual, a food-handling 

and maintenance manual, and an administration manual. The basic training 

manual, titled Monthly Pest Control Calendar and Daily Guide, provided step-by- 

step procedures to assist technicians during the initial training period. This manual 

included a summary of the pest management philosophy and strategies needed for 

the technician to be successful. Technicians were required to read this manual 

before beginning the pest management program. The training manual and calendar 

is included as Appendix A. 

The Technician’s Manual included both the basic steps of each pest 

management program, and the details involved in developing an advanced pest 

management program (Appendix B). This manual included a detailed summary of 

all aspects of pest management involved in each individual pest management 

program. Additional resource materials on some occasional pests and identification 

were included in this manual.
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Additional information available to the technician included "Truman’s 

Scientific Guide To Pest Control Operations" and the bimonthly publication of 

Techletter. Truman’s Scientific Guide To Pest Control Operations was included as 

a resource to be carried in technicians’ trucks at all times. Techletter was sent to 

technicians’ homes to be read at home or in their office. This publication provided 

the technician with new and innovative pest control and pest management practices 

as well as information on common control procedures. 

The Supervisor’s Manual (Appendix C) included sections on individual pest 

management programs in various locations. The Supervisor’s Manual contained 

advanced information on the successful administration of the pest management 

program. Potential problems with the program and their solutions were the primary 

emphasis of the Supervisor’s Manual. 

The supervisor was provided with all technician resource materials, excluding 

Truman’s Scientific Guide to Pest Control Operations. An additional supervisor 

manual and a copy of "Handbook To Pest Control" were also used by the supervisor. 

The supervisor’s manual provided a description of the supervisor’s job, explained 

what factors were of the most importance to the program, and what potential 

technician and program problems may occur in the future. A brief description of 

the solutions to many of the potential future problems was also included. This 

manual is included as Appendix C. The "Handbook To Pest Control" was included 

as a more advanced resource manual for special problems that required the 

combined efforts of the technician and the supervisor. 

Manuals for food-handling and maintenance staffs, and for administration 

personnel were developed to provide these personnel with an understanding of the 

program and it’s components (Appendix D and E). These two manuals were 

directed toward explaining the reports and records of the program and the 

responsibilities of food-handling, maintenance, and administration personnel.
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Administrative personnel were provided with information to orient them to 

the principles and practices involved with the pest management program. They 

were also supplied with an explanation of the amount and type of pest management 

program interaction required of them in order for the program to be effective. The 

administrator’s manual is included as Appendix D. 

Since food-handling and maintenance personnel are often directly involved 

with pest management practices, a manual was developed for personnel in charge of 

these disciplines (Appendix E). This manual provided a brief description of the 

program as it pertains to these personnel. 

Monitoring Methods. Monitoring programs for each primary pest 

(cockroaches, flies, birds, and rats) was required as a means of continuous 

evaluation of the pest management programs. Although the size of urban pest 

populations can seldom be determined through the use of monitoring, changes in 

the population locations, general shifts in overall population sizes, and seasonal 

fluctuations can be estimated. 

The specific monitoring method developed for each pest depended on 

several factors which are described in detail in the resource training manuals. Each 

monitoring method needed to be applicable throughout the pest’s habitat, easy to 

administer, inexpensive, precise and consistent. Additional considerations included; 

safety, theft, and the inaccessibility of locked areas. In areas such as kitchens, the 

routine processes of cleaning also had to be taken into account. 

Decision-Making and Management Strategies. Pest management programs 

for individual pest species require some method of continuous evaluation and 

decision-making. The decision-making process in each individual pest management 

program was based on either pre-set action levels or evaluation forms. Action levels
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used in certain programs were thresholds designed to regulate the level of control 

needed for each pest population at any given time. Action levels were only 

formulated for house flies and German cockroaches. Control for other pests such as 

ants, birds, and rats was regulated through the use of evaluation forms. 

Evaluation forms were designed for pests problems which are difficult to 

evaluate (Table 1). These forms involved a series of questions to assist the 

technician in evaluating the degree of the problem. This method was helpful with 

pests that are only occasional problems, and with pest populations that are difficult 

to estimate. 

Action levels and evaluation forms were supplemented by additional 

information to assist the technician in control decisions. For pest management 

programs that used action levels , control options and considerations are given for 

each threshold in a table format (Tables 2, 3, and 4). These options and 

considerations are based on the degree of infestation in relation to the season and 

the area of concern. Control options include chemical, mechanical, and sanitation 

methods. 

Pest management programs that utilized evaluation forms instead of 

monitoring methods and action levels required an additional form in order to 

prescribe the needed control methods. If evaluation forms for a pest species 

indicated an infestation exists, a second control form was used (Table 5). The 

control form assisted the technician in evaluating the degree of potential danger or 

problems and the overall management measures required. This form also assisted 

the technician in reviewing all possible control strategies. Once the control form 

was completed, the technician would be prepared to administer the best possible 

management program for the pest problem. Whenever a pest problem required the 

use of any management strategy, the problem had to be reevaluated the following 

month. The reevaluation would assist in determining the overall success rate of the
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current procedures and evaluate the need for additional or increased management 

methods. 

Sanitation and mechanical report forms were used to supplement pest 

management strategies (Tables 6 and 7). These reports identified problem areas 

and prescribed the necessary solutions. Personnel that were directly involved with 

the problem and/or the solution were sent copies of these reports as soon as the 

problem area was identified. Additional copies of these reports were also sent to 

administrative personnel. 

Recording And Reporting Methods. Report forms were used as summary 

reports of the pest levels and control strategies performed throughout each area. 

These forms were sent to administration and support personnel in DOC and in each 

region. Report forms were primarily used to continually update select 

administrative personnel. 

Supplemental control forms included monitoring data, daily logs of materials 

and practices used, and sanitation and maintenance forms. Monitoring data were 

maintained as measurements of pest levels. Locations for collecting monitoring 

data were either pre-determined, as with the German cockroach and house fly 

programs or as problem areas became identified, as with the ant, bird, and rat 

programs. 

Monitoring pesticide use and other control tactics was recorded in daily logs. 

This information was recorded in simple yes/no fashion and other information was 

recorded as to the type, area, and amount of material that was used for control 

measures. 

Technicians were responsible for maintaining records of pest levels for 

specific areas and seasons. The exact method of collecting data for records 

depended on each pest and it’s importance. Samples of data records and reports are
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included in Appendices B and C (Tables 8 and 9). Pest reports were sent to the 

supervisor, wardens, and regional administrators. Depending on the pest species 

and area of concern, pest reports were sent either monthly or as seldom as three 

times a year. Special reports such as sanitation or maintenance reports were sent 

whenever problems were identified by the technicians. These reports were sent 

supervisors, wardens, regional administrators, and institution personnel that were in 

direct contact with the problem - such as head of kitchens and maintenance. 

Training Programs. One of the most important components of each 

individual pest management program was an effective training program. The 

overall training of technicians and supervisors was conducted as separate programs. 

This helped separate the different management strategies needed for each pest 

species and resulted in the participants learning pest management principles. 

Technicians were trained to use pest management programs designed for 

cockroaches, flies, birds, rodents, and mosquitoes. The training programs varied 

according to the importance of each pest and the degree of difficulty of each pest 

management program. The German cockroach program required the most involved 

training program, the mosquito training program was the least complex. 

The technician training program included a two-day lecture style 

introduction of the basic principals of pest management, the components of the 

overall program, and specific practices of each individual program. Lectures were 

taken from the chapters of the Technician’s Manual which were provided to each 

technician. Within two weeks after these sessions, the training program continued 

at institutions with the technicians responsible for each of these institutions. The 

training also stressed individual pest management programs. Advanced training 

sessions were performed during the same month for various pests. Each individual 

program required a total of 2 to 14 days. The primary goal of the training period
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was to orient the technician to pest management procedures and philosophies so 

that he/she would utilize the principals with all pest control strategies. All training 

programs were accompanied by sections in the Technician’s Manual and calendar 

descriptions of seasonal monitoring and report writing. 

The German cockroach training program included a total of nine days of 

lecture and hands-on training. As an additional training process, the technicians 

conducted the management program without the trainer’s guidance for a period of 

four consecutive months. The overall German cockroach management training 

program was followed by an evaluation of the technician’s knowledge through select 

questions included in a written test and one question in a three-question oral exam. 

The mosquito management training program was approximately one-half day 

long. Training programs for birds, rats, mice, ants, flies, and miscellaneous pests, 

required training periods which were intermediate or equal in length to the German 

cockroach and mosquito training programs. 

The supervisor training program included Technician’s Manual, introductory 

lecture sessions on each pests and one hour to 10 days of in-field training, depending 

on the pest species involved. Emphasis of these training periods was on actual 

procedures, problems that could be expected, and how such problems could be 

solved. Time was spent training the supervisors to set up the overall program in new 

institutions. 

Several meetings were arranged to inform administrators of the pest 

management programs. These meetings provided administrators with answers to 

their questions, and explanations of the program’s components. 

Individual meetings were held with the heads of food-handling and 

maintenance departments. The pest management program coordinator discussed 

the basic components of the program and the necessity of the facility’s cooperation.



20 

Several potential problems were able to be identified early in the program’s 

development through these meetings. 

Pest Management Calendar. A calendar of monthly monitoring programs, 

records, and duties, was incorporated into the program to assist technicians in 

documentation and other pest management program requirements (Appendix A). 

Supervisors were also expected to follow the monthly calendar to monitor 

technicians’ progress and improve the potential program interaction and assistance 

by supervisors. 

Supervisor Requirements. Supervisors were trained to perform the same 

monitoring methods for each pest species as the technicians were trained. 

Supervisor’s calendars required reports on the same pest problems on a more 

infrequent basis. This process served to check technician reports and increased the 

accuracy of information collected. 

The supervisor was responsible for investigating all reports sent by the 

technician. The initial supervisor training program included coverage of 

understanding and locating problem areas indicated by the reports. Supervisors 

were responsible for monthly inspections of the German cockroach program in all 

institution kitchens and house fly inspections throughout the fly season. Whenever 

an unusual problem such as birds or stored product pest occurred, supervisors were 

responsible for becoming actively involved in the initial investigation, treatment 

prescription, and follow-up inspections.
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3.2 INMATE AWARENESS PROGRAM 

Since the inmates were one of the important factors of the pest management 

program’s design, it was important to fully inform the inmates. Due to the low level 

of literacy and »w potential of communication, only the most important aspects of 

the program were communicated to the inmates. These areas included the basic 

goals of the program and the proper use and safety of the Maxforce® bait stations. 

A brochure was developed as a supplement to the Maxforce® bait stations 

that was distributed to each inmate (Appendix F). This brochure was based on 

pictures and depended on words only to enhance the pictures. It emphasized the 

basic function of the bait stations, their safety, and their proper use and placement. 

Communication between inmates is well established. This communication 

was considered a critical factor in the success of the pest management program. It 

was considered that the initial effectiveness of the program would be dependant on 

the early results and opinions of the first inmates to develop interest in the program. 

Therefore, the program was not officially announced throughout each institution 

until several months after the program had been functioning. This reduced the 

amount of early scrutiny by the inmates and allowed the bait stations to have a 

gradual, positive effect. 

The primary means of cooperating with the inmate population was to select 

pest contro! methods for the living areas that would suit the largest percentage of 

the inmates. Due to the perceived desire of the inmates to have some form of pest 

control, regardless of the pest problems, a standard pest management program of 

monitoring and treating only problem areas was not considered practical. However, 

due to the inmates general dislike of residual insecticide treatments, bait stations 

were chosen as the best possible source of German cockroach control. House fly
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problems in inmates cell areas were included as part of the fly management 

program for all other areas. 

3.6 EVALUATION AND MONITORING PROCEDURES FOR THE PROGRAM 

The program required methods by which it could be continuously evaluated 

and monitored through a variety of different positions. Methods of continuous 

evaluation include efficient and thorough record keeping and routine requirements 

of the technician to monitor and report on a variety of pests. Retraining 

requirement for technicians and defined supervisor and administration interactions 

were also effective monitoring methods. 

Opinions, attitudes, and knowledge of all persons directly or indirectly 

affected by an urban pest management program are all important measurements of 

it’s effectiveness. To measure opinions and attitudes toward various components of 

the proposed program, questionnaires were administered either by personal 

interviews or by mailed surveys. Inmates, technicians, supervisors, administrators, 

and safety officers, were all evaluated through questionnaires. Ten percent of the 

inmates in each of the three prisons used in this evaluation were included in the 

inmate survey. All other questionnaire evaluations involved 100% of each study 

group. 

Evaluations of the program were also done through the comparisons of 

records of pesticide use, workhours, and pest levels. These records were obtained 

either through the past administration or were created during the program. 

Pesticide use records were kept by technicians in the past which provided much of 

information concerning the previous program’s use of pesticides. However, 

previous records did not provide enough data on the pesticide use in specific areas 

such as kitchens. Therefore, new pesticide recording sheets were developed for
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technicians to use for a two month period while treating institutions with the 

previous program. Records of pesticide use with the proposed program were kept 

in the program’s routine record system. The number of workhours required in 

various areas was included in the pesticide recording sheets kept by technicians. No 

data existed concerning previous pest levels. Data were collected before the actual 

program was installed. This data was obtained in the same method as monitoring 

data collected during the program. 

Swab samples of pesticide residues were taken to compare the potential 

pesticide exposure of the pest management program and the previous program in 

inmate living areas. The monthly insecticide treatment program was analyzed in 

institutions not included in the program. Residue levels from inmate living areas 

with the previous program were then compared to residues found in living areas 

included in the pest management program for at least a six month period. 

Continuous monitoring methods focused on technicians as well as supervisors 

and administrators. The proper training and retraining of technicians was an 

essential component to insure an effective long-term program. In addition to pest 

management training, technicians were trained to perform monitoring practices for 

most common pests. The Monthly Calendar for technicians required in-depth 

reports of various pest levels and control strategies. This reporting system assured 

that pest levels were being observed on a regular basis.
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Table 1: Example of an evaluation form used in the pest management program - 
Rodent Infestation Form 

  

  

Unit &: F3 - RODENT 
Pest Control Report 

Sanitation/Pest Control Tech. INFESTATION 

DATE 

SIGNATURE MONTHLY MONITORING? QO LAST IWFESTATION LOCATION 

TOENTIFIEO SPECIES NAME SPECIAL MONITORING? QO LOW/MEO/HICH CONTROL 
  

      
  

  

  

  

  

  

  

  

  

    

  

  

  

      

  

  

  

  

  

  

ACTIVE BURROWS? OO UISUAL SIGHTINGS? OQ 

NO. BURROWS COVERED TOTAL NUMBER SIGHTED 

NO. UNCOVERED IN 3 DAYS NO. IN DAYLIGHT 

% ACTIVE (COVERED/UNCOVERED).__| NO. AT NIGHT 

EXACT LOCATIONS NO. REPORTED 

EXACT LOCATIONS 

DROPPINGS? (Q) GNAWING MARKS/DAMAGE? 

NO. LOCATIONS NO. LOCATIONS 

FRESH? yes/no TYPE OF DAMAGE 

LOCATIONS LOCATIONS 

OTHER SIGNS 

O SMUDGE MARKS? LOCATIONS OF MARKS 

O TRACKS? LOCATIONS OF TRACKS 

O NESTS? LOCATIONS OF NESTS 

© SOUNDS? O URINE? © RUNS? 
  

  

0
0
a
 0   MOST SIGNIFICANT SIGNS 

OF INFESTATION 

TOTAL NUMBER OF SIGNS IDENTIFIED 

  

INFESTATION LOCATION 

  

BURROWS O TRACKS 

DROPPINGS O NESTS 

DAMAGE O SOUNDS 

OEGREE OF SIGNIFICANT SIGHS 

  

SMUDGE MARK O   OVERALL INFESTATION lLow/meag/nignh 
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Table 2: Action levels of the German cockroach pest management program for 
kitchen areas 

  

Ave. #/room Control Measure 

  

0/room 

1-2/room 

3-6/room 

7-15/room   

- if conditions continue throughout a consecutive 3 months, 
change monitoring program to only every other month 
and leave bait stations for six (6) months 

- continue routine Maxforce program 
- advise area of any sanitation problems 
- follow up to see that problem areas have been cleaned 

within one (1) month 

- crack and crevice spot treatment of the area 
- if the area has two trapping periods with an average of 5 or 

more, add more bait stations 
- advise area of any sanitation problems 
- follow up to see that the area has been cleaned within 2 

weeks 

- thorough crack and crevice treatment 
- advise area of sanitation problem 
- file sanitation report 
- place sticky traps again in 2 week 
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Table 2: Action levels of the German cockroach pest management program for 
kitchen areas (cont.) 

  

Ave. #/room Control Measure 

  

15 or more 

  

- any or all rooms or areas having an average of 15 or more 
cockroaches/trap, the entire facility should be closed 
until the following has been performed: 

1) all floors, walls and ceilings have been scrubbed with 
disinfectant 

2) all equipment has been taken apart and thoroughly | 
cleaned 

3) a reinspection should then be performed by the 
safety officer, sanitation inspector, pest control 
technician, and pest control supervisor 

4) use crack and crevice treatment throughout the 
facility (after it has passed sanitation inspections} 

5) dust into wall voids and other undisturbed areas 
6) use flushing agent to flush cockroaches into contact 

with the chemicals 
7) remove the lids from 10 stations in the most difficult 

areas and observe their contents - if they are 
generally empty, check records to be sure they 
were replaced at the proper time, increase total 
number and check contents at monthly intervals 
for the next four months   
  

" Add less than approx. 10-20% of what was required for the room (i.e if the room 
has 8 stations, add 2-4 more - depending on the available locations). ONLY ADD 
STATIONS ONCE IN ANY LOCATION.
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Table 3: Action levels for the house fly pest management program for October, 
April, and May in kitchen areas 

  

Ave. #/area Management Tactics 

  

If less than 2/count 

If 2-10/count 

If more than 10/count 

  

1) Continue normal routine of monitoring breeding 
sites monthly and fly counts monthly 

1) Improve sanitation inside and outside 
2) Monitor fly breeding sites outside prison confines - 

improve sanitation and bait where necessary 
3) Check air doors (be sure they are blowing out and 

there is enough current along the sides and at 
the bottom ot the door facing) 

5) Place fly bait around perimeter - if have not done in 
the past month or if it was not done thoroughly. 
Bait around dumpsters and trash areas. 

6) Monitor every other week 

1) Conduct more thorough inspection of sanitation 
problems inside and outside structure and the 
surrounding mile radius of the facility. 

2) Thorough test of all air doors (be sure they are set at 
1600 ft/min, at a 15 degree angle outward - see 
manual for testing methods) 

3) Check all screens thoroughly for 1/8 inch holes 
4) Increase bait applications around perimeter 
5) Space spray inside (inform kitchen of necessary 

clean-up afterward (Form N1) 
6) Continue monitoring every other week 
5) Complete sanitation reports of inside and outside 1- 

mule radius of facility - send to kitchen head, 
safety officer, and sanitation dept. 

8) Continue intensive control strategies until averages 
decrease below 5/count 
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Table 4: Action levels for the house fly pest management program for June, July, 
August, and September in kitchen areas 

  

Ave. #/area Management Tactics 

  

Less than 2 flies/count 

If 2-10/count 

If 10-20/count 

If more than 20/count 

  

1) Monitor facility again in one month 

7 Conduct sanitation inspections inside and outside 
2) Check air doors (be sure they are blowing out and 

there is enough current along the sides and at 
the bottom of the door facing) 

‘3 Check all screens thoroughly for 1/8 inch cracks/hole 
4) Bait around dumpsters and trash areas 
5) Monitor again in one month 

1) Close inspection of surrounding perimeter for 
breeding and sanitation problems - solve 
problems 

2) Thorough test of all air doors (be sure they are set at 
1600 ft/min, at a 15 degree angle outward - see 
manual for testing methods) 

Check all screens thoroughly for 1/8 inch cracks/hole 
4) Bait surrounding area 
5) Monitor every other week 
** If numbers do not decrease in 2 weeks - use space 

spray inside -at night 

  

3 

  

1) Conduct thorough inspection of sanitation problems 
inside and outside structure and the surrounding 
mile radius of the facility 

2) Thorough test of all air doors (be sure they are set at 
1600 ft/min, at a 15 degree angle outward - see 
manual for testing methods) 

3) Check all screens thoroughly for 1/8 inch holes 
33 Complete sanitation reports of inside and outside 1- 

mile radius of facility - send to kitchen head, 
safety officer, and sanitation dept. 

5) Increase bait applications around dumpsters and 
trash areas 

6) Space spray inside 
") Continue monitoring every other week 
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Table 5: Example of a control form used in the pest management program - Rodent 
Control Program 

  

  

Uni : 
" eee Control Report FS8 ~ RODENT CONTROL 

Sanitation/Pest Control Tech. PROGRAM 

  

INFESTATION SUMMARY: 
  

  

SIGNATURE: OATE: RODENT SPECIES:     
  

INFESTATION RATING: LOW/MED/HIGH _________sINSIDE/OUSIDE/BOTH?__ 

POTENTIAL DANGER OF INFESTATION: 

FOOD SOURCE(S): 

LOCATION OF FOOD SOURCE: 

  

  

  

  

PARTICULAR SANITATION PROBLEMS.___ PRIMARY REASON OF INFESTATION ____ 

  

  

  

  

          

  

CONTROL METHODS       
MECHANICAL CONTROL: FOOD REDUCTION? O 

EXCLUSION? O 

SANITATION? Oo 

TRAPS? Oo 

CHEMICAL CONTROL MEASURES: 

  

  

  

  

  

BAITS? O 

TRACKING POWDER? oO 

  

    
SELECTED CONTROL METHODS:   

  

SAME METHOOS AS LAST MONTH? 

  

INCREASED INTENSITY FROM LAST MONTH DATE PROGRAM WILL BEGIN 

DECREASED INTENSITY FROM LAST HONTH 
  

DATE TO REMONITOR INFESTATION 

FIRST MONTH FOR CONTROL METHODS 

  

o
a
q
a
g
0
a
d
a
é
#
0
 

SANITATION REPORT REQUIRED? SIGNATURE OF EVALUATORS 
      BE SURE THE SAFETY OF ALL CONTROL MEASURES HAS BEEN APPROVED 

| 
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Table 6: Sanitation report of the pest management program 

Unit &: 

Pest Control Report SANITATION REPORT 
Sanitation/Pest Control Tech. 

'TO: 

  

UNIT ¢ 
  

  
  

The following area has developed high pest levels compaired 
to surrounding areas. The pest controk measures have been 
consistant throughout the area, leaving sanitation as the 
most probable cause. Please see that the problem is solved. 

  INSPECTOR OF PROGLEM LOCATION(S) 

  OTHER INSPECTORS 

        OATES OF PREVIOUS REPORTS |   
  

PESTCS) SPECIES 
  

    

  

  

PEST LEVELS CT MIS MONTH) CLASYT MONTH) 

AVE, LEVEL FOR FACILITY (IMIS HONTH)_O UCL AST 6 KONTH) 

LEVELS OF ADJACENT AREAS CLEFT) (RIGKT) 
  

REASONS FOR OECREASEO CONTROL IN THIS AREA 
  

O Excess FOOO O OCECREASED IWSECTICIOE EFFECTIVENESS O OTWeER 

COMMENTS 
  

  

SANITATION EVALUATION 

SANTITATION PROBLEX COOO/OK/BA0s/NA 

O CLEANLINESS 

O GARBAGE (F000 SCRAPS) 

Oo 

Oo 

  

  

TRASH CKARBORAGCE FOR PESTS) 

OTWER 

  

    

RECOMMENDATIONS 

O CLEAN THOROUGHLY 

REHOVE TRASK ANO GARBAGE HORE EFFICIENTLY AND/OR CG HORE OFTER 

O OTHER 

a] 

  

COMMENTS 
  

  

  

  SIGMATURE OATE ADO. REPORTS SERXT 10 
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Table 7: Maintenance report of the pest management program 

  

MAINTENANCE REPORT 

  

UNIT # 
  

  
  

The following area is considered a pest hazard and must be 
repaired as soon as possible. Maintenance personnel and 
supplies are required to complete this task. The pest 
control technician will be present if necessary to assist. 

  IMSPECTOR OF PROBLEHX LOCATION(S) 

  OTHER INSPECTORS 

        OATES OF PREVIOUS REPORTS |   
  

REASON FOR REPAIRS 
  

  

PESTS WKRICH ARE OF CONCERN 
  

PEST LEVELS IN THIS AREA (TKIS MONTH) UUCLAST 6MONTH) 
  

REASONS FOR DECREASED CONTROL IN THIS AREA 
  

  

  

  

  

  

  

COMMENTS 

MAINTENANCE REQUEST 

GENERAL SUPPLIES NEEDED MAN HOURS 

# OF PERSONNEL REQUIRED 

TOTAL HOURS (EST.) 

TIME FRAME 

O REPAIRS SHOULD BE MADE WITKIN WEEKS 

O REPAIRS SHOULO BE MADE WITHIN LU UMONTHS 

ADDITIONAL REQUESTS   

COMMENTS   

  

  

  

SIGMATURE DATE AOD. REPORTS SENT TO 
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Table 8: Example of a data record sheet for the German cockroach pest 
management program 

Unit &: 
Pest Control Report F 

Sanitation/Pest Control Tech. German Cockroach 

  

Signature DATE: Oct-April, 1989 

Trap Location Date Date Date Date Date 
use maps as ref. =z
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Table 9: Example of monthly report form for the German cockroach pest 
management program 
  

German Cockroach Data 

Food-Handling Establishments 

  
MONTHLY PEST REPORT 

  

  

  

  

      
  

  

  

  

  

  

  

      
  

  

  

  

  

  

  

  

UNIT # HONTH OF DATA OTHER REPORTS 

- O SANT. REPORTS 

REQUESTS 

COCKROACH AVERAGES CONTROL STRATEGIES: 
Area Ave. 

Overall Ave. 

AMT. OF CHEMITAL APPLIED DATE BAIT STATION APPLICATIONS OATE 

TYPE OF ZHEMICAL TREATMENT BRANO OF BAIT STATIONS 

  
  

  

German Cockroach Data 

Cells and Dormatories 

  
  

  

  

  

      
  

  

  

  

  

  

  

    

    
  

  

  
  

  

  

  

  

  

AMT. 

UNIT # MONTH OF DATA OTHER REPORTS 

= O SANT. REPORTS 
TECHNICIAN'S SIGNATURE OATE O MAINTENANCE 

REQUESTS 

COMPLAINTS OR HIGH #'S CONTROL STRATEGIES: 

Cell/Dorm Ave. 

Overall Ave. 

OF CHEMICAL APPLIED DATE BAIT STATION APPLICATIONS QATE 

    TYPE OF CHEMICAL TREATMENT BRAND OF BAIT 

  
STATIONS 

  

  

  
  

 



Chapter IV 

PERFORMANCE OF PEST MANAGEMENT PROGRAM: REDUCTION OF 

PEST LEVELS 

The primary means of measuring pest levels is through the use of visual 

counts of designated areas and by using a variety of trapping methods (Wright 1965, 

Ballard and Gold 1982). In urban environments the level of tolerance and 

awareness of the target audience has been correlated with changes in the pest 

populations (Robinson and Zungoli 1985, and Thoms and Robinson 1987). Thoms 

and Robinson (1987) reported that the target audience’s perception of the 

distribution and seasonal abundance of a pest species concurred with data collected 

in the field. Jacobi (1988) was one of the first to document a change (an 87% 

reduction) in pest levels with the use of an urban pest management program. 

The objectives of the research presented here were to evaluate the 

effectiveness of pest management program through the combined use of three pest 

level measurements. These measurements include; visual counts, trapping, and 

target audience perceptions. The change in pest levels was evaluated for both the 

German cockroach management program and the house fly management program. 

4.1 MATERIALS AND METHODS 

The German cockroach management program was administered in five 

institutional kitchen environments, as well as, within prison living environments. 

The house fly management program was only administered within two kitchen 

environments. The three prisons included the Nottoway Correctional Center 

34
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(NCC), Powhatan Correctional Center (PCC), and the James River Correctional 

Center (JRCC). The entire pest management program was instated in the three 

prisons from October 1989 through May 1990. 

Due to the complexity of the various environments and pests involved, three 

Separate pest level measurements were used in this study. The German cockroach 

management program in kitchen environments was monitored through the use of 

sticky traps. The perceptions of the inmates were used to measure pest level 

changes in inmate living areas. 

Minimizing Pest Levels In The Cockroach Management Program. The 

cockroach management program in living areas was based on the distribution of 

Maxforce® bait stations to each inmate. A brochure was given to each inmate with 

the bait stations that explained how the stations worked and where and how to place 

them in inmate living areas. The bait station distribution procedure was 

supplemented by technicians placing bait stations in inmate bathroom areas. The 

cockroach program in living areas involved only irregular monitoring by technicians. 

Four times a year technicians were responsible for inspecting all bathrooms, and a 

random selection of cell and dormitory areas, for cockroach and other pest 

problems. 

The German cockroach management program in kitchens was based on 

monitoring and eliminating populations in designated zones. The cockroach 

program in kitchen areas involved monthly monitoring of cockroach levels with 

sticky traps. Sticky trap placement was predetermined at the beginning of the 

program and remained the same unless additional trapping locations were added. 

The number of traps per square foot depended on the type of environment. The 

first process in determining trap locations was to divide each facility into zones or
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rooms with isolated or semi-is ‘ited cockroach populations. Rooms or zones 

typically required from three to five traps. 

Sticky traps were placed in the same locations during each trapping period. 

After 24 hours the traps were removed and the total number of German 

cockroaches was recorded for each trap. An overall average for each zone was 

calculated from the traps in that area. These averages were then used as a basis for 

determining control strategies. Action levels were set for use with different 

averages that could be obtained within a zone. 

Table 2 shows the action levels and the suggested control measures needed 

for different size populations. It was emphasized that these control strategies only 

be used as a baseline for the technician when deciding the necessary management 

Strategies. It was left up to the technician to determine whether or not the situation 

required additional control measures. 

The control strategy in kitchen areas was also based on the continuous use of 

Maxforce® bait stations. Bait stations were placed near all potential cockroach 

harborage sites. Station placements were based on cockroach movement along 

edges and other straight pathways. The number of stations used in an area was 

based on the assumption that cockroaches travel along uninterrupted pathways. 

One bait station was used to cover all uninterrupted pathways leading to the station. 

The actual number of stations depended on the potential harborage sites and the 

amount of isolated locations in an area. The number of Maxforce® bait stations 

used in each of the five institutional kitchens were 20, 22, 40, 45, and 46 total 

stations. All stations were replaced after four months. Some stations were also 

replaced earlier than four months due to high initial populations in an area or due 

to bait breakdown. Bait breakdown was most likely to occur in areas with high heat, 

dust, grease, or chemical use such as cleaning detergents.
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Residual chemical treatments were used when control failures or problems 

occurred. The action levels were used to assist the technician in deciding whether 

or not residual insecticides were required. The action levels were based on the 

hypothesis that decreasing population sizes would be eliminated through the 

continuous use of bait stations. Residual insecticide treatments were used if an area 

could not be treated with bait stations due to heat, inaccessibility, or other 

problems. Any time the bait stations failed to control a population, additional 

treatments were considered. A continuously low number, or sudden high number, 

of cockroaches trapped or visually inspected may have also warranted residual 

treatments. 

Reports of areas with sanitation or maintenance problems were sent to the 

kitchen coordinators, safety officers, wardens, regional administrators, and 

Sanitation inspectors. Reports were only written when continuous control failure 

could not be related to chemical control measures. 

Thorough records of each sticky trap location, bait station location, trap 

count, and chemical use were maintained by technicians. A summary of each 

month’s averages for each zone and the control measures taken were sent to 

supervisors, wardens, safety officers, and the regional administrator. 

Technicians were trained in all aspects of the management program. Due to 

ineffiencies in sticky traps and the impossible task of designing a program that 

accounts for all possible problems, the action level criterion of the program had to 

change to suit special situations. 

Along with a thorough training in the use of the pest management program, 

supervisors were taught how to observe technicians’ progress, identify problems that 

might occur, and how to check technicians’ results.
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Evaluation. To evaluate the overall effectiveness of the program, three 

different types of data were collected. The monthly monitoring data that was 

maintained by technicians was used to demonstrate the reduction in German 

cockroach levels through the progression of the program. 

The evaluation process also involved the same monitoring procedures that 

were used by the technicians. This analysis was performed during two consecutive 

years. The first data collection period was during the year prior to the initiation of 

the program. The second set of data was taken after the program had been 

functioning for six to seven months. Data for this analysis was from June 1989 and 

June 1990 for the three large kitchens (NCC, JRCC, and PCC/MAIN) and again in 

May 1989 and May 1990 for the PCC/MAIN. 

The third method of evaluation was through the use of the inmate’s opinions 

of the "number of cockroaches they saw in their cell in a normal day" (Question 

#13). An additional question was asked as to whether or not inmates felt that 

“cockroaches were a problem in their prison” (Question #1). Questions #1 and 13 

in Table 5 are both applicable to this analysis. 

Data Analysis. The association between inmates’ attitudes toward 

cockroaches before and after the program was separated at P < 0.05 using a Chi 

Square test (SAS 1985). Relationships between questions within the inmate 

questionnaire were correlated at the P < 0.01 level using a Chi Square test (SAS 

1985). The mean number of cockroaches per month were separated at P < 0.01 

using a Chi Square analysis (SAS 1985).
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4.2 RESULTS AND DISCUSSION 

Cockroach Management Program. The results of the technician monitoring 

data are summarized for five kitchens over a seven month period in Tables 11 and 

12. The first month of data (Month 0) were taken before the program began. The 

day these initial data were taken was also the day that the program actually began. 

Figure 1 shows the reduction of pest levels through time as an average per facility. 

The initial averages were all between 6.1 to 6.9 per sticky trap excluding Powhatan’s 

Main kitchen (PCC/MAIN) which was greater than all others. The initial average 

of PCC/MAIN, 18.0, was 2.8 times the average of all other initial averages which 

was 6.4. 

The overall progression of the program throughout all five kitchens can be 

demonstrated through the average percentage reductions for each month. The 

consecutive monthly reductions were 67.9%, 83.0%, 86.3%, 94.8%, 96.5%, 93.4%, 

and 95.4%. The average percentage reduction at the first month was 68% from the 

initial pest levels. The range was from 36 to 88%. The average percentage 

reduction at the seventh month was 95.4%. The range in percentage reductions in 

the seventh month was from 95 to 99%. Further analysis of the monthly 

progressions of the program demonstrates that the program achieved significant 

results after the first month, 67.9%, and continued to increase in control until 

eventually leveling off at the fourth month. By the fourth month all kitchens had 

maintained close to 95% control and remained in this range throughout the 

program. These results are somewhat higher than the 87% reduction reported by 

Jacobi (1988). 

The slow start of the program could have resulted from several factors 

including the basic design of the program. The focus of the program for the first two 

months was to evaluate it’s potential without the supplemental use of insecticides.
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Therefore, the first three month’s data were most likely higher than if the action 

levels would have been used from the start. Additional factors that could have 

impeded the program’s progress include the inexperience of technicians or the slow 

initial cooperation of the kitchen staff. The slow start of the program most likely 

occurred from a combination of all three factors. 

The results from the two consecutive years (before and after the program) 

are summarized in Table 13. When the results of the program are compared to the 

same month of the previous year, a dramatic change can be seen in each kitchen 

during each month included in the test. The average percentage reduction in the 

cockroach populations was 99% from the previous year. The range in percent 

reductions was 98 to 99%. 

When asked how many cockroaches they saw in a typical day (Question no. 

13 in Table 10), James River Correctional Center (JRCC) and Powhatan 

Correctional Center (PCC) demonstrated a significant decrease (x2 = 11.94, df = 

4,n = 38, P = .018; X* = 2.91, df = 3,n = 60, P = .027, respectively). Forty two 

percent of the inmates in PCC sighted greater or equal to one cockroach in an 

typical day before the program and 14% sighted cockroaches after the program. In 

JRCC, 85% of the inmates sighted cockroaches before the program began and 28% 

sighted cockroaches after the program began. NCC did not show a significant 

decrease in the number of cockroaches sighted per day at the P < 0.05 level (x? = 

2.91, df = 1, n = 57, P = .088). Sixteen percent of the inmates in NCC sighted 

cockroaches in a typical day before the program and only 3% sighted cockroaches 

after the program. When the results from all prisons were pooled together, there 

was a highly significant decrease in the number of cockroaches sighted in an average 

day (X~ = 23.46, df = 5,n = 155, P < 0.001). 

When the inmates were asked if they felt "... cockroaches are a problem in 

this prison?” (Question no. 1), only JRCC had a significant change in the inmate
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responses from the previous program to the pest management program (x? = 8.16, 

df = 1,n = 38, P = .004). All other prisons tested individually, and the results from 

all of the prisons pooled together, were not significantly changed before and after 

the pest management program at the P < 0.05 level. Ninety five percent of the 

inmates in JRCC stated that there was a cockroach problem before the program. 

Only 56% of the inmates in JRCC stated "yes" after the program. Twenty four 

percent of the inmates in NCC stated "yes" before the program and 22% after the 

program. Fifty two percent of the inmates in PCC prison stated "yes" before the 

program and 54% stated "yes" after the program. 

The results of this study are considerably lower than those reported to the 

two studies in housing projects (Wood et al. 1981, Zungoli and Robinson 1984). 

Wood et al. (1981) reported 87% of the residents in the housing projects considered 

the cockroaches a serious problem and Zungoli and Robinson (1984) reported that 

83% of the residents considered cockroaches a problem. The same question, "Do 

you consider cockroaches a serious problem?" was included in all housing project 

surveys and in the pest management survey. By the end of the pest management 

program, only 44% of the inmates considered cockroaches a problem compared to 

57% that considered cockroaches a problem before the program. As with the 

results from the previous question, fewer inmates considered cockroaches a problem 

in prison than in housing projects, even before the pest management program. 

When the results of two questions presented above ("How many cockroaches 

do you see per day?" and “Are cockroaches a problem?") are combined, differing 

relationships are created. There is no significant decrease in the number of 

cockroaches seen per day in prison NCC with the program and no significant 

decrease in the number of inmates believing that the prison had a cockroach 

problem. The results in prison JRCC demonstrated significantly fewer inmates who 

felt that cockroaches were a problem as well as a highly significant decrease in the
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number of cockroaches seen per day. There was no significant change in the 

number of inmates that thought cockroaches were a problem but there was a 

significant decrease in the overall number of cockroaches seen in an average day at 

PCC. However, regardless of the differing results in different prisons, there was a 

significant relationship between these two questions when the results from all 

prisons were combined in both the before and after survey (X? = 36.25, df = 16,n 

= 68, P <0.001; X~ = 10.85, df = 2,n = 87, P = .004; respectively), When the 

relationship between these two questions was evaluated with the combined results 

of the pre and post test there was also a significant relationship (x2 = 46.13, df = 5, 

n = 155, P < 0.001). The direct correlation between the two questions are similar 

to the correlation found by Zungoli and Robinson (1984) between the same two 

questions. Zungoli and Robinson (1984) reported a significant relationship (x2 = 

40.56, P < 0.0001, df = 6) but a weak association strength (CC = 0.3456) between 

these two questions. 

4.3 CONCLUSIONS 

Inmate attitudes of cockroach levels were required in living areas due to the 

difficult process of measuring any cockroach levels in these areas. The 

measurements of inmate attitudes and opinions toward changing cockroach levels 

require relatively large numbers of inmates as well as questions which specify 

different species. These questions may be most effective if actual specimens were 

used with questions of different pest species. The questions included in this study to 

measure cockroach levels, "How many cockroaches do you see per day?" and "Are 

cockroaches a problem?", both provided relative measurements of the changes in 

cockroaches in living areas. The combined use of several questions may be the best 

form of analysis for the effectiveness of cockroach management programs in living
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areas when cockroach levels are too low to be measured. Due to occasional 

discrepancies in the results with some questions, the use of several questions would 

help reduce errors in the evaluation of the target audiences’ attitudes. 

The overall results from the evaluations utilized in this study demonstrate 

that the cockroach management program provided over 95% control when 

compared to the previous year and compared to the initial German cockroach levels 

in all kitchens. The fly management program in two kitchens provided 60 and 90% 

reductions from the previous year with only two months of actual management. 

Cockroach management in living areas was proven successful in all institutions, 

excluding PCC, which still had an American cockroach problem at the end of this 

study. Although the number of cockroaches sighted decreased in JRCC and NCC, 

the inmates’ overall perception of a cockroach problem still existed even though 

very few inmates reported seeing any cockroaches in a typical day. This correlation 

was true in all individual institution evaluations whereas a direct correlation was 

found when all prisons were combined due to the increased power of the evaluation. 

Evaluation of pest management programs for insects in the living 

environment requires consideration of both the target audience and the target pest 

(Robinson and Zungoli 1985). However, correlations between these two 

components are often difficult. In a German cockroach management program for 

urban apartment buildings, Zungoli and Robinson (1984) reported a decrease in the 

number of cockroaches trapped per apartment, and a Satisfactory rating of the pest 

management program after one year. In the pest management program reported 

here, there was a reduction in the German cockroach infestation, as indicated by an 

increase in the percentage reduction (Table 2) during the first seven months of the 

program. Apparently, this reduction was not perceived by the target audience in 

JRCC and NCC, because inmates interviewed in these locations reported the 

presence of a German cockroach problem. These results show one of the most
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difficult problems associated with evaluating urban pest management programs. A 

reduction in the infestation level of the target pest may not be perceived by the 

intended audience, or the reduced level may not be acceptable by the audience 

(Zungoli and Robinson 1984).



Chapter V 

PERFORMANCE OF PEST MANAGEMENT PROGRAM: OPTIMIZING 

PESTICIDE USE AND MINIMIZING PESTICIDE EXPOSURE 

Optimizing pesticide use has been one of the goals of IPM programs since 

their origin (Stern et al. 1959). Optimization of pesticide use has primarily been 

aimed at minimizing the total amount of pesticide applied in an environment. It has 

also been evident that the use of more effectively applied pesticides can assist in the 

total reduction of pesticide use (Karner et al. 1978, Zungoli and Robinson 1982). In 

urban pest management programs, there have been few studies which evaluated 

different methods of reducing pesticide use. 

Jacobi (1988) reported that the use of an effective pest management program 

could reduce pesticide use by 93% while increasing control by 87%. Bennett et al. 

(1984) reported the effectiveness of different pesticide levels in their control of 

German cockroaches. In this study, they compared the effectiveness of different 

numbers of bait stations, bait/spray combinations, and other insecticide treatments 

(Bennett et al. 1984). 

To optimize pesticide use, it is necessary to use a variety of pest management 

practices. Several possible means of reducing pesticide use, while increasing overall 

control, have been studied. Gupta et al. (1973, 1975) reported that poor sanitation 

can significantly decrease the effectiveness of insecticide treatments. Bertholf et al. 

(1987) reported that the complete dependence on sanitation practices to control 

cockroach populations was not effective and suggested that IPM programs for 

cockroaches should include all possible control techniques. In an attempt to limit 

the cockroach harborage, and thus decrease pesticide use, Farmer and Robinson 

(1984) showed that caulking harborage areas did not improve overall control. 

48
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The practice of using the proper application techniques, treating the proper 

areas, and treating at the proper time, have all been studied as means of optimizing 

pesticide use. The use of proper application methods have been shown to have a 

significant impact on pest control (Karner et al. 1978, Zungoli and Robinson 1982, 

Thoms and Robinson 1987, Bao and Robinson 1988, Byron and Robinson 1988). 

Karner et al. (1978) and Zungoli and Robinson (1982) reported that crack and 

crevice insecticide treatments are more effective than fan spray applications for 

cockroach control. Thoms and Robinson (1987) compared the effectiveness of 

various insecticide and structural modification treatment methods for oriental 

cockroach control. Byron and Robinson (1988) reported that the use of the most 

effective application methods for flea control decreased the overall amounts of 

pesticides required while increasing control. Bao and Robinson (1988) reported 

that American cockroaches could be treated most effectively by using the proper 

formulation at the proper time of the year. 

The practice of treating the proper locations for pest control has also been 

studied as a viable means of increasing the effectiveness of insecticide treatments. 

Benson (1989) reported that the use of monitoring methods to locate "hot-spots” of 

smokybrown cockroach infestations could effectively optimize pesticide use. Byron 

and Robinson (1988) reported that areas with higher potential for fleas could also 

be identified in order to focus treatments in the proper locations. Robinson et al. 

(1980) reported that German cockroach control measures (sanitation and chemical) 

should be directed at areas that are identified as "focus" areas. 

Pesticide applications typically result in measurable levels of pesticide 

residues at the direct site of application as well as untreated areas (Wright and 

Jackson 1971, Leidy et al. 1982, Wright et al. 1984a, Wright et al. 1984b, Ballard 

1986) The amount of pesticide residues found on untreated sites depends largely on
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the application method (Wright and Jackson 1974, Gold et al. 1981, Ballard and 

Gold 1982, Ballard et al. 1984, Ballard 1986). Ballard (1986) lists pesticide 

formulation, concentration applied, volume applied, time since application, 

application technique, area treated, air exchange rate of structure, sampling and 

analytical method, and the microclimate within the structure, all as potential 

variables in the length of time a residue could be detected. Thoms (1989) utilized 

pesticide residue analysis to assist in evaluating the effectiveness of an insecticide 

formulation. 

Pest management should take pesticide residues into account when 

determining the proper insecticide application techniques. Monitoring and treating 

only areas with significant pest levels can help decrease the actual amount of 

potential pesticide residues. The use of the proper formulation, proper application 

method, proper timing of application, and the proper volume of insecticide can all 

be utilized as part of a pest management program which attempts to minimize 

pesticide residues. 

The objective of this evaluation was to determine the amount of insecticides 

used in the German cockroach pest management program designed for the Virginia 

prison system. The insecticides applied in the pest management program are 

compared to the insecticides applied with the previous program administered by the 

Virginia Department of Corrections (DOC). Several aspects of pesticide use are 

evaluated in this study, including, the total amount of insecticide applied each 

month, the actual amounts of pesticides used in different types of areas within a 

prison, the inmate attitudes toward different types of insecticide applications, and 

the relative toxicity measurement of the insecticides applied with the pest 

management program and the previous DOC program.
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5.1 MATERIALS AND METHODS 

The pesticide use of the German cockroach management program is 

demonstrated in three locations. James River Correctional Center (JRCC) had one 

medium-sized institutional kitchen and 300 inmates. Nottoway Correctional Center 

(NCC) maintained 600 inmates with a medium-to-large institutional kitchen. 

Powhatan Correctional Center (PCC) also housed 600 inmates and had a total of 

three kitchens, 1 extremely large kitchen and 2 small, commercial-sized kitchens. 

One emphasis of the pest management program was the use of pesticide 

formulations that provide the maximum amount of control with the minimum 

amount of environmental exposure. This objective was dealt with in this program by 

the use of Maxforce® bait stations. In order to account for the significance of using 

a more environmentally sound control strategy, inmates were questioned before and 

after the program to evaluate their response to various pesticide applications. In 

addition to the inmates’ attitudes toward pesticide use, the actual amounts of 

pesticides used in different types of environments and throughout entire prisons was 

evaluated. 

The German cockroach management program in kitchens was based on 

monitoring and eliminating populations in designated zones. The cockroach 

program in kitchen areas involved monthly monitoring of cockroach levels with 

sticky traps. Sticky trap placement was predetermined at the beginning of the 

program and remained the same unless additional trapping locations were added. 

The number of traps per square foot depended on the type of environment. The 

first process in determining trap locations was to divide each facility into zones or 

rooms with isolated or semi-isolated cockroach populations. Rooms or zones 

typically required from three to five traps.
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Sticky traps were placed in the same locations during each trapping period. 

After 24 hours the traps were removed and the total number of German 

cockroaches was recorded for each trap. An overall average for each zone was 

calculated from the traps in that area. These averages were then used as a basis for 

determining control strategies. Action levels were set for use with different 

averages that could be obtained within a zone. 

Minimizing Pesticide Use In The German Cockroach Management Program. 

The primary method of optimizing pesticide use in the cockroach management 

program was the use of bait stations. In inmate living areas, two bait stations were 

given to each inmate for nine months. This was the primary means of cockroach 

control in living areas since cockroach levels were undetected in these areas. 

Bait stations also provided continuous cockroach control in food-handling 

and storage areas and were replaced every four months. The pest management 

program was supported by the use of monthly monitoring of the pest levels in 

localized areas. Action levels were developed to assist in the use of bait stations and 

to regulate the use of residual (active) insecticide treatments. Liquid and dust 

chemical formulations supplemented the cockroach program in any areas that were 

not effectively managed by bait stations. 

All liquid and dust chemical formulations were applied with a crack and 

crevice spray tip directly into voids and cracks. Microencapsulated liquid insecticide 

(PT265A - Knox Out) was used in most kitchen areas. Boric acid was also used 

when difficult control problems occurred around ovens or other high heat areas. 

Boric acid was only applied into wall voids. 

Reports of sanitation and maintenance problems were written for areas that 

had proven to be beyond control by normal chemical treatments. If the presence of 

cockroaches continued in an area for three months, and all possible control
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Strategies had been attempted, sanitation or maintenance problems were 

investigated. Identified problems required reports written and sent to all personnel 

in charge of solving the problem and their direct supervisors. Records of reports 

were kept so the progress of the repairs could be followed until the problem was 

solved. 

The cockroach program was continually evaluated through the use of records 

of cockroach levels, reports, and a supervisor. The supervisor was the sanitation 

inspector for the region. He was trained to monitor the technician’s progress and 

identify problem areas. The support of the supervisor also helped get sanitation and 

maintenance problems solved in a timely fashion. 

Inmate Attitude Evaluation. The attitudes of the inmates toward the 

previous DOC program and the pest management program’s use of pesticides were 

evaluated through questions administered in the inmate questionnaire. A total of 68 

inmates were questioned in the first survey and 87 inmates were included in the post 

survey. Three and five questions were used to evaluate the inmate’s attitude toward 

previous program and pest management program, respectively. The three questions 

included in the first questionnaire were: "Do you allow your cell to be sprayed?"; 

"Do all cells need to be sprayed in order to control cockroaches or just the cells that 

have a problem?"; and "How dangerous do you feel the pesticides that are sprayed 

in your cell are to you?". The two additional questions added to the second survey 

were: "How dangerous do you feel the bait stations used in your cell are to you?"; 

and "Compare the effectiveness of the bait stations to monthly spraying for the 

control of cockroaches?". For the question "Compare the effectiveness...”, the 

inmates were provided a choice between ‘Much Better’, ‘Somewhat Better’, “The 

Same’, ‘Somewhat Worse’, and ‘Much Worse’.
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Evaluation of Actual Pesticide Use. The cockroach management program 

was compared to the previous DOC pest control program for purposes of 

evaluation. The primary means of collecting data of pesticide use was the use of 

records kept by the two programs. 

All analyses of pesticide use were calculated for three different areas within 

the three prisons. The three areas were; institutional-size kitchens, commercial- 

sized kitchens, and living areas. The three institutional-size kitchens in this study 

were large to medium size kitchens responsible for feeding between 300 and 500 

inmates per day. Commercial-sized kitchens were small kitchens approximately the 

size of a typical fast food restaurant kitchen. Commercial-size kitchens were 

responsible for feeding 50 to 150 inmates per day. The two commercial kitchens 

included in this study were two support kitchens within the same compound. 

Neither of the two kitchens contained a long-term storage facility. Each of these 

kitchens received materials from the storage facility attached to the main kitchen on 

a daily basis. Living areas included all cell and dormitory blocks within each 

institution. 

The records of the amounts of pesticide used throughout the institutions 

were collected by summarizing the previous two and one-half years of records for 

the previous program and the previous seven months of the pest management 

program. Records of pesticide use for the previous program were recorded by the 

technicians as the amount of pesticide used per day in the areas which were treated. 

Therefore, for calculating the amounts of pesticides used per kitchen or per 

cell/dormitory block, there was limited data available. To supplement this data, the 

technicians were asked to record more specific data for a period of two months. 

This assisted in calculating the amounts each technician treated per cell or for 

various size kitchens.
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The evaluation of pesticide use compared the use of ‘passive’ versus ‘actively’ 

applied insecticides. ‘Passive’ refers to the use of insecticide formulations can have 

little or no potential for human exposure, including little or no potential for non- 

target contamination. Such applications include enclosed bait, dusts only applied in 

enclosed wall voids, and granular baits applied in closed tunnels and pipe chases. 

‘Active’ pesticides refer to those insecticide formulations that are applied directly 

into the environment such as liquid insecticides applied as a fan spray, crack and 

crevice spray, ultra low volume applications, or residual or non-residual aerosol 

applications. The two most difficult application methods to categorize are crack and 

crevice applications, which were not used by the previous program, and dusts 

injected into wall voids, which were used in the previous program. With the crack 

and crevice applications, there is a certain level of volatilization and non-target 

contamination. Therefore, this method is included as an ‘Active’ application. The 

injected dust applications also present a certain amount of non-target 

contamination, but if used properly, exterior residues can be removed more readily 

due to the small treatment areas and highly visible nature of contaminated non- 

target areas. 

The insecticides used in this program were categorized further as to the type 

of application. ‘Mixed Residual’ applications include insecticides mixed by the 

gallon or half gallon and applied with a fan spray from a compressed air sprayer. 

‘Flushing Agent’ refers to the application of aerosol pyrethrins into cracks with a 

crack and crevice tip. ‘ULV Treatments’ refer to the application of concentrated 

insecticides into the air in ultra low volumes. ‘Residual Aerosol’ refer to the 

amount of insecticides applied through the use of aerosols applied into cracks with a 

crack and crevice tip. ‘Residual Dust’ applications refer primarily to boric acid dust 

applied into wall voids and enclosed spaces. “‘Baygon Bait’ (propoxur) is used to 

refer to the amount of granular baygon bait applied into pipe chases and other
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accessible areas that are removed from the surrounding environments. ‘Maxforce® 

Bait Stations’ are summarized as the actual number of bait stations placed 

throughout an area. 

Pesticide Residue Analysis. Pesticide residue analysis of the living areas was 

done for both the pest management program and the previous program. 

Chlorpyrifos residues were measured under both programs. An average amount of 

residue for a typical treated cell before the pest management program was 

compared to the average residues accumulated after several months of the pest 

management program. In addition to a ‘before’ and ‘after’ comparison, the change 

through time with the previous program was tested. For this analysis the same cells 

were tested at three different intervals; 1) one day after treatment, 2) two weeks 

after treatment, and 3) one day after the second monthly treatment. 

For the residue analysis, five cells were selected for each test interval. 

Samples from the pest management program were taken from five cells seven 

months after the program began. Samples from the previous program were taken 

from an institution with the same cell type but that had not been involved with the 

pest management program. Five samples were taken during the three sample 

periods. 

Samples were taken with a ten cm absorbant pad folded into a 2.5 cm?. A 

2 was placed at the sample site. The folded absorbant pad was template of 10 cm 

then wetted with ethyl alcohol and used to blot the area. The entire sample area 

was blotted horizontally with one side of the pad and vertically with the other. The 

pads were then rolled and stored in 30 ml of hexane. The samples were taken from 

two locations within each cell. The first location was from the baseboard near the 

door and the second was from the baseboard on the far left corner of the room.
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Method sensitivity based on sample area and volume allowed detection of .0005 

ug/ cm?. 

Relative Toxicity Evaluation. Transformations of pesticide use data were 

created in order to account for the relative toxicity of both programs. Fluid ounces 

of insecticides were converted into grams and the actual amount of active ingredient 

in each category was calculated based on the percent active ingredients in each 

insecticide. Oral and dermal LDSO levels were used to account for the toxicity 

levels of each insecticide category. The actual amount of active ingredient of an 

insecticide category is divided by their LDSO values. 

Data Analysis. The association between the number of inmates responding 

to different categories of answers was measured used X? test (SAS 1985). The 

relationship between the different sample periods was measured using the General 

Linear Regression model (SAS 1985). 

5.2 RESULTS AND DISCUSSION 

Inmate Attitude Analysis. The first questions in the inmate survey evaluated 

their attitudes and knowledge toward monthly spraying of cells. The number of 

inmates responding "yes" to the question "Do you allow your cell to be sprayed each 

month?" was found to be significantly higher than those responding "no" (x2 = 

19.06, df = 67, P > 0.05). There was no significant difference between respondent’s 

reactions between different prisons and this question was only included in the pre- 

survey. 

Although most inmates responded that they would allow their cell to be 

sprayed, only 10% of the cells were actually treated with the previous program. The
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low level of treated cells and high number of inmate’s that would allow their cells 

spray indicate that either inmates were not in their cell when the technician was 

available, or the inmates did not feel they have significant pest problems. The 

actual reason for low cell treatments is most likely a combination of these factors 

since is it true that most inmates are away at jobs during the times of most monthly 

treatments. 

When the inmates were asked if they thought "... all of the cells needed to be 

sprayed to control cockroaches, or just the cells that have problems?" (Question no. 

15), significantly more inmates responded in both the pre and post test by stating 

"all" cells needed to be treated (X~ = 30.22, df = 66, P > 0.05; X~ = 22.34, df = 85, 

P > 0.05 respectively). 

In order to evaluate the inmates’ basic view of pesticide dangers, they were 

asked to rate the degree of danger they felt the insecticides sprayed in their cells 

were to each of them (Question no. 16). The inmates were given a choice between 

"very dangerous", "somewhat dangerous” or "not at all dangerous”. In the pre test 

there were significantly more inmates that responded "not at all dangerous" 

compared to the post test where most inmates felt that it was "somewhat dangerous" 

(x2 = 7.18, df = 63, P > 0.05). This increase in the degree of danger perceived by 

the inmates could have been due to the general increased environmental awareness 

movement during the year between the pre and post evaluations. This increased 

awareness of the inmates could have also been due to their feeling that the change 

in the pest management’s method of treating their cells with bait stations was due to 

an unnecessarily high potential danger of monthly treatments. 

The pest management program’s use of pesticides was evaluated with two 

questions. The first question was used as a comparison for the inmates’ reaction to 

the danger of insecticides and actually evaluated the inmates’ perception of the 

danger of the bait stations (Question no. 17). When asked "How dangerous do you
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feel the bait stations are to you?", there was only a total of 9 inmates from all three 

prisons that responded "somewhat dangerous" and 0 inmates that responded "very 

dangerous". The remaining 73 inmates responded "not at all dangerous". Although 

cell sizes from this question are not large enough to run an effective chi square test, 

there is an obvious significant difference in the inmates’ response toward "not at all 

dangerous’. 

The second question that evaluated the inmates’ response to pesticide use in 

the pest management program was "Compare the effectiveness of bait stations to 

monthly spraying for the control of cockroaches" (Question no. 10). When all 

institutions were combined, the mean ranked score was 3.71 (3 = the same, 4 = 

somewhat better) with a range between prisons from 3.66 to 3.79. Therefore the 

inmates preferred the use of baits somewhat better compared to monthly spraying . 

Pesticide Use Analysis. The amounts of different insecticides used in living 

areas with the previous program and the pest management program is summarized 

in Table 14. The previous program only applied mixed residual and baygon bait 

around inmate living areas. The average amount of insecticide used in the living 

areas was 97 ml per inmate. However, the amounts applied in treated cells was 964 

ml since technicians only treat 10% of the cells. Residual insecticides used in the 

previous program were only applied as fan sprays. The nozzles use by the three 

technicians were all greater than an estimated five years old. Baygon bait was not 

used directly in cell and dormitory areas, but in pipe chases located throughout 

these areas. 

The use of insecticides in inmate living areas with the pest management 

program consisted only of Maxforce® bait stations. The actual use of insecticides in 

the future with this program would presumably include occasional treatments of 

pipe chases for American cockroaches with bait stations and local placements of ant
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baits for ant control. Residual aerosols may also be used to assist in the American 

cockroach program and possibly with difficult ant problems. However, during the 

entire seven month period of this program, only Maxforce bait stations for 

cockroaches was used in the living areas. Two bait stations were given to each 

inmate for a nine month period. As with the previous program an average of 500 

inmates was used for the average calculations within the three prisons. Therefore, 

1000 bait stations were placed within cells and dormitory blocks during any given 

month. Each bait station contains 1.5 grams at 1.65% active ingredient, 

Hydromethylnon. Therefore, and average of 1500 grams of bait were in the 

institutions each month of the program. The percentage reduction of active 

pesticides applied in inmate living areas was 100%. The percentage increase in 

passive pesticides applied in inmate living areas was 96%. When the total of active 

and passive chemicals is calculated, an overall 97% reduction occurs in living areas. 

The insecticides used in the three institutional kitchens are summarized in 

Table 15. The average amount of pesticides used in institutional-size food-handling 

areas before the pest management program was 4,579 ml of active chemicals and 

37.3 grams of passive chemicals. It should be noted that the amounts of ultra low 

volume (ULV) treatments in the previous program are much higher than what is 

recorded. The amounts recorded only include the average amount applied each 

month throughout the year by technicians. Each institution involved in this study 

applied from one to seven gallons of ULV each month without the help of the 

technician and without keeping records. These applications were not accounted for 

in this evaluation because the primary interest of this evaluation was the application 

program of the technicians. 

The pest management program in institutional kitchens included a low 

amount of residual aerosol treatments. The amount of cooperation from kitchen 

staff and the general condition of these kitchens were quite variable. The variation
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between kitchens is evident from the long time period required to achieve control in 

PCC/MAIN compared to the short time period required in JRCC (Tables 10 and 

11). Aerosol treatments were used to treat problem areas. Aerosol treatments were 

selected as the chemical control formulation for this program due to the small 

amount of insecticide required on a daily basis and the high waste that would have 

occurred if mixed chemicals had been used. An average of 35 ml of residual 

insecticide (active) was applied and an average of 43.7 bait stations (65.6 g) were 

used per institutional kitchen. The average linear distance treated was a total of 3.7 

m per kitchen, with an average monthly treatment of 0.5 m per month per kitchen. 

The range of total linear distance treated over the seven month period in 

institutional kitchens was from 0 to 8 m per kitchen. The average percentage 

reduction in active insecticides applied in institutional kitchens was 99.3%. The 

average percent increase in passive chemicals used was 76%. 

The pesticides used in the two programs in the two commercial kitchens 

included in this study are summarized in Tables 16. The average amount of active 

pesticides applied in the previous program in commercial kitchens was 2,293 ml and 

12.6 grams of passively applied insecticides. A minimal amount of active 

insecticides, 12 ml, was required to obtain effective control in the commercial-size 

kitchens with the pest management program. The average linear distance treated in 

a seven month period was 0.9 m with a range from 0.6 to 1.2 m. An average of 21 

bait stations were used in the two kitchens with a total of 31.5 grams of insecticides 

available each month in these stations. In commercial-sized kitchens, the 

percentage reduction from the previous program in the use of active chemicals was 

99.5% with a percentage increase of 60% in passive insecticide applications. 

The total averages of pesticides used throughout all three prisons is 

summarized in Table 16. The overall percentage reduction in actively and passively 

applied pesticides for the average prison was 97% from the previous program. This
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reduction in pesticide use is comparable to the 93% reduction reported by Jacobi 

(1988). The pesticides used in the pest management program were only for German 

cockroach control with an insignificant amount of bait stations used for ant and 

American cockroach control. The pesticides used in the previous program also 

include some control of American cockroaches and ants. The pest management 

program would presumably include a small percentage increase of insecticides for 

the American cockroach, ant, and fly management programs. 

Pesticide Residue Analysis. The mean concentrations of chlorpyrifos in 

ug/ cm for the three sampling periods in the previous program analysis were 0.0366 

ug/ cm? 24 h after the first treatment, 0.0195 ug/ cm? two weeks after treatment, and 

0.2706 ug/ cm~ 24 h after the retreatment. The mean concentration of chlorpyrifos 

from seven months after the pest management program was 0.0007 ug/ cm? Only 

the ug/ cm* detected after the retreatment were significantly different from all other 

sample periods (P > 0.05 or 0.1). These data suggest that the chlorpyrifos 

treatments may accumulate with consecutive retreatments in prison cells. Even 

after seven months of no treatments, there are still significant levels of residues 

measured at the treatment sites. 

The results from this test differ from those reported in a similar 

accumulation study in kitchen areas (Thoms 1989). Thoms (1989) found consistent 

residue levels of chlorpyrifos during three monthly retreatment evaluations. The 

mean residue levels in the three kitchens after the three consecutive treatments 

were 0.007, 0.048, and 0.009 ug/ cm? respectively. Only the second month’s analysis 

was significantly higher than the other three. Thoms (1989) concluded that no 

accumulation occurred because no significant difference was detected between the 

first and third months. The prison study did not include a third treatment analysis 

for comparison with the first treatment. However, the lack of significant difference
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between the seven month and one month measurements, in addition to the 

significant increase after the retreatment, leads to the conclusion that accumulation 

is most likely to occur with chlorpyrifos. 

Relative Toxicity Analysis. The transformations of the actual amounts of 

pesticides used with both programs are presented in Tables 17-21 These tables 

provide approximated measurements of the relative toxicity levels applied each 

month with each program. The difference between the two programs is larger 

within the oral toxicity analyses than in the dermal toxicity measurements. There is 

a 93% reduction in the dermal relative toxicity measurements from the previous 

program to the pest management program and a 99% reduction in oral toxicity 

analyses. 

Relative toxicity analyses assists in evaluating pest management programs by 

taking into account the use of passive application methods and the use of 

insecticides with lower LD50 values. The transformations of fluid ounces to grams 

is necessary in order to compare the overall chemical use of the two programs. This 

transformation does not account for the use of ‘semi-active’ application methods 

such as crack and crevice treatments or other methods of minimizing the overall 

environmental exposure of an application. It also does not account for the 

accumulation of insecticides with repeated applications. The only concrete 

conclusion that can be drawn from this analysis is that there is less potential 

insecticide toxicity with the pest management program when compared to the 

previous program.
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5.3 CONCLUSIONS 

There are several factors that must be considered when evaluating pest 

management or pest control programs in their overall use of pesticides. The actual 

amount of pesticides applied in an environment is dependent on the application 

method, pesticide formulation, the proper management of the pesticide’s 

effectiveness, and the proper management of the pests. Perhaps most important in 

the proper use of pesticides is the application methods and formulations of the 

insecticides applied. The difference in passively applied and actively applied 

insecticides is a critical factor in determining whether or not a program has made 

efficient use of the pesticides, or if the program has truly optimized it’s pesticide 

applications. The potential for non-target areas to be contaminated is one of the 

main reasons for using the proper application and formulation of pesticides. 

Utilizing formulations that minimize or eliminate the potential for contamination 

should be a primary objective in institutional IPM programs. 

Another factor to be included in the development of an effective pest 

management program is the target audience’s reactions to various pesticide 

applications. Regardless of the potential danger of a pesticide application, the 

target audience’s acceptance of that type of application is crucial to the ability of a 

program to provide effective pest control. This program evaluation has 

demonstrated that the opinions of the target audience toward pesticides can change 

significantly with little or no input from the program’s coordinators. Therefore, it is 

important to be cautious when choosing the proper application method and when 

utilizing those methods. 

The analysis of the pest management program has demonstrated that the use 

of active insecticide applications in a pest management program could be reduced 

by 96 - 99.5% while still providing effective control of the pests. When comparing
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the relative toxicity levels applied with both programs, it was shown that an effective 

pest management program can also provide a 93 - 99% reduction in relative toxicity 

on a monthly basis. It can be concluded that through the proper monitoring of a 

cockroach population and the use of passive formulations and proper application 

methods, a pest management program can effectively decrease pesticide use. 

Another factor in the proper management of a pest poulation which impacts 

on pesticide use is the program’s continuous analysis of the cockroach population 

and it’s source. An effective program should also identify and solve any chemical 

failures of the hydromethylnon bait such as sanitation problems, high heat, grease, 

and other potential disruptive elements in order to continually optimize it’s 

pesticide use. 

The active ingredient, hydromethylnon, in the toxic bait station is biologically 

more toxic when German cockroaches that have consumed the insecticide/bait 

combination are exposed to temperatures above 16°C. However, the actual shelf 

life and performance of the insecticide formulation is influenced by high 

temperatures and high humidities. Thoms and Robinson (1987) reported high 

humidity as the probable cause of a decrease in the effectiveness of hydromethylnon 

bait stations to control oriental cockroaches. The high humidities in the kitchen 

environments in this study could influence the performance of the bait stations. 

It is important to recognize the role pesticides play in pest management 

programs and not overemphasize or disregard their importance. The practice of 

optimizing pesticides should be incorporated as part of a total pest management 

program. However, a pest management program should first emphasize the 

management of the pest’s environment. If pesticide use is a program’s primary 

emphasis, the program is then a pesticide management program, not a pest 

management program.
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Thoms and Robinson (1987) reported on an oriental cockroach management 

program which included the integration of nonchemical and chemical strategies. 

The nonchemical component of the program, structural modifications to the 

infested environment was not as effective as the chemical component, which was the 

use of residual insecticides and toxic bait stations (Thoms and Robinson 1987).
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Table 17: Average total amount of active and passive chemicals used monthly in 
prisons using both the pest management program and the previous 
program 

Mean Mean 
Chemical Type Amount Amount 

Before After 

Active 
Mixed Residual (g) 53,683 0 
Flushing Agent (g 286 0 
ULV Treatment (g) 1161 0 
Residual Aerosol 72) 0 47 

Passive 
Residual Dust (g) 28 0 
Baygon Bait (g) 78 0 
Maxforce Bait (g) 0 1587 

Mean Total Amount of Pesticides 55236 g 1634 g      
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Table 18: Relative toxicity levels of the previous program based on dermal 
toxicity levels 

  

  

Mean Total Amt Tox. 
Chemical Type Amount % ai ofai LDS0O Level 

Active Chemicals 
Mixed Residual (g) 53683 0025 134.2 1900 0.0706 
Flushing Agent (g) 286 005 1.43 1800 0.0008 
ULV Treatment (g) 1161 01 11.61 1800 0.0065 
Residual Aerosol (g)0 01 0.0 2000 0.0000 

Passive Chemicals 
Residual Dust (g) 28 99 = =60.24 =6—0.0 ~—:0..0000 
Baygon Bait (g) 78 02 1.56 1000 0.0016 
Maxforce Bait(g) 0 0165 0.0 5000 0.0000 

Relative Measure of Dermal Toxicity Before PM Program 0.0795 x 100 
7.95     
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Table 19: Relative toxicity level of the pest management program based on 
dermal toxicity levels 

  

  

Mean Total Amt Tox. 
Chemical Type Amount % ai ofai LDSO Level 

Active Chemicals 
Mixed Residual (g) 0.0 0025 0.0 1900 0.0000 
Flushing Agent (g) 0.0 00S 0.0 1800 0.0000 
ULV Treatment (g) 0.0 01 0.0 1800 0.0000 
Residual Aerosol (g)47 01 47 2000 0.0002 

Passive Chemicals 
Residual Dust (g) 0.0 99 80.0 0.0 0.0000 
Baygon Bait (g) 0.0 02 0.0 1000 0.0000 
Maxforce Bait (g) 1586.6 0165 26.18 5000 0.0052 

Relative Measure of Dermal Toxicity Used After PM program 0.0054 x 100 
0.540     
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Table 20: peative toxicity level of the previous program based on oral toxicity 
evels 

Mean Total Amt Tox. 
Chemical Type Amount % ai ofai LDSO Level 

  

Active Chemicals 
Mixed Residual (g) 53,683 0025 134 198 0.6767 
Flushing Agent (g) 286 00S 1.43 1500 0.0010 
ULV Treatment (g) 1161 01 11.61 1500 0.0077 
Residual Aerosol (g)0 01 0.0 180 0.0000 

Passive Chemicals 
Residual Dust (g) 28 99 27.72 3500 0.0079 
Baygon Bait (g) 78 02 156 100 0.0156 
Maxforce Bait (g) 0.0 0165 0.0 5000 0.0000 

Relative Measure of Oral Toxicity Used Before PM program 0.7089 x 100 
70.89      
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Table 21: Relative toxicity level of the pest management program based on oral 
toxicity levels 

  

  

Mean Total Amt Tox. 
Chemical Type Amount % ai ofai LDS50O Level 

Active Chemicals 
Mixed Residual (g) 0.0 0025 0.0 198 0.0000 
Flushing Agent (g) 0.0 005 0.0 1500 0.0000 
ULV Treatment (g) 0.0 01 0.0 1500 0.0000 
Residual Aerosol (g)47 01 47 180 0.0026 

Passive Chemicals 
Residual Dust (g) 0.0 99 0.0 3500 0.0000 
Baygon Bait (g) 0.0 02 00 100 0.0000 
Maxforce Bait (g) 1586.6 0165 26.18 5000 0.0052 

Relative Measure of Oral Toxicity Used After PM program 0.0078 x 100 
0.78     
 



Chapter 6 

THE COST EFFECTIVENESS AND WORKHOURS OF PEST MANAGEMENT 

PROGRAM 

The anticipated high costs of pest management programs may be considered 

one of the main reasons for the slow advancement in the use of pest management 

programs (M. Potter, pers. comm. 1990). Some of the primary reasons commercial 

pest control companies have not offered pest management services in urban 

environments in the past may be the high number of work-hours expected with such 

programs and large degree of uncertainty in pest management programs’ 

effectiveness. However, with an increased environmental awareness of the 

consumer, the potential increase in costs may become less of a factor against their 

use and more of a factor of increased profits. 

Although costs are generally directly influenced by work-hours, it is often 

necessary to evaluate costs without workhours to show the degree of emphasis 

workhours have over costs. Thoms and Robinson (1987) reported on the evaluation 

of four different chemical methods of controlling oriental cockroaches as well as a 

structural modification strategy. In their evaluations, man-hours were included as 

part of the overall costs. They demonstrated that structural modifications used 

alone were more expensive and less effective than all chemical treatments tested. 

The higher costs of structural modifications was primarily due to the higher number 

of man-hours required (12 h versus an average of 1.5 h for chemical treatments). 

The use of more effective treatment methods can result in the overall change 

of costs and workhours required while providing increased control. Byron and 
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Robinson (1988) reported that the improper treatment of flea problems can result 

in as much as a 27% increase in cost of materials while providing less control. The 

use of more effective treatment methods can result in an increase in workhours 

required while providing increased control and reduce the cost of retreatments 

(Zungoli and Robinson 1982). Zungoli and Robinson reported that the use of crack 

and crevice treatments provided much greater control but required an additional 7.5 

minutes per apartment per treatment. 

Workhours have a more direct affect over the total costs of a pest control 

program than all other factors. The costs of insecticides account for only 6-8.5% of 

a commercial pest control service (Velsicol Chemical 1982, in Thoms and Robinson 

1987). Therefore an increase in initial chemical costs can be outweighed by a 

decrease in workhours or a decrease in the amount of chemicals required in the 

future. 

The objective of this study was to evaluate the actual costs involved with pest 

management programs for different areas such as different size kitchens, inmate 

living areas, and for entire prison institutions. With regard to the DOC, the number 

of workhours used in these areas will also be demonstrated for the purposes of 

identifying any increase in work-hours required. Any decrease in the number of 

workhours required will not be a important factor in the acceptance of the program 

by the DOC since they already have a pre-set number of positions available. 

However, any change in the number of workhours required will be taken into 

account for the purposes of the overall evaluation and for analysis by the 

commercial pest control business.
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6.1 MATERIALS AND METHODS 

The German cockroach management program was evaluated in three 

locations. James River Correctional Center (JRCC) had one medium-sized 

institutional kitchen and 300 inmates. Nottoway Correctional Center (NCC) 

maintained 600 inmates with a medium-to-large institutional kitchen. Powhatan 

Correctional Center (PCC) also housed 600 inmates and had a total of three 

kitchens, 1 extremely large kitchen and 2 small, commercial-sized kitchens. 

The German cockroach management program in kitchens was based on 

monitoring and eliminating populations in designated zones. The cockroach 

program in kitchen areas involved monthly monitoring of cockroach levels with 

Sticky traps. Sticky trap placement was predetermined at the beginning of the 

program and remained the same unless additional trapping locations were added. 

The number of traps per square foot depended on the type of environment. The 

first process in determining trap locations was to divide each facility into zones or 

rooms with isolated or semi-isolated cockroach populations. Rooms or zones 

typically required from three to five traps. 

Sticky traps were placed in the same locations during each trapping period. 

After 24 hours the traps were removed and the total number of German 

cockroaches was recorded for each trap. An overall average for each zone was 

calculated from the traps in that area. These averages were then used as a basis for 

determining control strategies. Action levels were set for use with different 

averages that could be obtained within a zone. 

In inmate living areas, two bait stations were given to each inmate for nine 

months. This was the primary means of cockroach control in living areas since 

cockroach levels were undetected in these areas.
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Bait stations also provided continuous cockroach control in food-handling 

and storage areas and were replaced every four months. The pest management 

program was supported by the use of monthly monitoring of the pest levels in 

localized areas. Action levels were developed to assist in the use of bait stations and 

to regulate the use of residual (active) insecticide treatments. Liquid and dust 

chemical formulations supplemented the cockroach program in any areas that were 

not effectively managed by bait stations. 

All liquid and dust chemical formulations were applied with a crack and 

crevice spray tip directly into voids and cracks. Microencapsulated liquid insecticide 

(PT265A - Knox Out) was used in most kitchen areas. Boric acid was also used 

when difficult control problems occurred around ovens or other high heat areas. 

Boric acid was only applied into wall voids. 

Reports of sanitation and maintenance problems were written for areas that 

had proven to be beyond control by normal chemical treatments. If the presence of 

cockroaches continued in an area for three months, and all possible control 

strategies had been attempted, sanitation or maintenance problems were 

investigated. Identified problems required reports written and sent to all personnel 

in charge of solving the problem and their direct supervisors. Records of reports 

were kept so the progress of the repairs could be followed until the problem was 

solved. 

The cockroach program was continually evaluated through the use of records 

of cockroach levels, reports, and a supervisor. The supervisor was the sanitation 

inspector for the region. He was trained to monitor the technician’s progress and 

identify problem areas. The support of the supervisor also helped get sanitation and 

maintenance problems solved in a timely fashion.
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Costs Effectiveness Analysis. Data for costs and workhours of the previous 

program were collected from records maintained from 1987 - 1990. These monthly 

records provided the amount of pesticides used in different areas. Records of the 

pest management program were maintained during the program’s seven month 

evaluation period. 

All pesticides used in either program were included in the cost analysis of the 

two programs and include PTS65, PT265a, Permadust, residual insecticide 

treatments, ULV treatments, Baygon bait, Fly Tec, boric acid dust, Maxforce® bait 

Stations, Maxforce® for large cockroaches, and MaxforceR for ants. Since the 

previous program involved of different chemicals used for residual treatments from 

month to month (Dursban 2E, Dursban 4E, Ficam, Demon WP, Dursban ME), a 

category for ‘Mixed Residual Chemicals’ was created for analysis. Additional 

materials included Mr Sticky Traps® and Trapper LTDR traps. Prices for the 

materials used in the pest management program and previous programs were based 

on the current distributors price paid by DOC. 

Workhour Analysis. The evaluation of workhours required in the two 

programs was performed by reviewing records of the number of hours spent in 

various areas and the number of days spent at a facility. Records and measurements 

of the pest management program were maintained throughout the program’s seven 

month evaluation period. The cost of labor was calculated from the average 

technician’s salary before deductions. 

All costs analyses are presented in two formats; materials comparisons and as 

materials plus the required workhours for different areas. All analyses are 

presented for commercial kitchens, institutional kitchens, living areas, and for entire 

prisons. There were three large, institutional-size kitchens within the three prisons
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which were medium to large in size and fed from 300 to 500 inmates per kitchens. 

Two small, commercial-size kitchens were separate kitchens within PCC which fed 

from 75 to 100 inmates per kitchen. A separate analysis was performed for each 

institution since there was often high variability between the results of institutions. 

Average calculations for all institutions are also presented. 

Materials costs of the pest management program in all kitchens were derived 

from the use of bait stations, residual aerosol treatments, and sticky traps. When 

calculating the average costs of bait stations in living areas it was necessary to 

spread the cost over the entire year to determine the actual costs per month. 

6.2 RESULTS AND DISCUSSION 

Materials Costs. The materials costs for different areas within each 

institution are summarized in Table 22. Both the previous program and the pest 

management program provided cockroach control with a limited amount of monthly 

ant control in cells and dormitories. There was a limited variation in the types of 

chemicals used in these areas within each program. The previous program used 

only monthly residual treatments with occasional use of Baygon bait. The pest 

management program used only Maxforce® bait stations for cockroaches and for 

ants. 

The previous program used an average of 39.6 ounces of insecticide per 

inmate per year, in prisons ranging from 300 to 600 inmates. The average cost of a 

residual gallon in the previous program was calculated to be $1.34 per mixed gallon. 

The average yearly cost per inmate of the previous program for treatment in living 

areas was $0.44, with a range of $0.27 to $0.56 per inmate. The pest management 

program in living areas cost an average of $0.70 per inmate per year with a range of
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$0.68 to $0.72 per inmate. The range in costs was a result of the use of ant bait 

Stations in living areas. 

The total materials costs in food-handling areas of the previous program 

consisted of the costs of a wide variety of chemicals. The average yearly costs of 

materials in institutional-size kitchens was $86.30 per kitchen, with a range for three 

kitchens of $75 to $95. The materials costs of the previous program in institutional 

kitchens was indirectly related to a kitchen’s actual size. The most significant single 

cost in food-handling areas with the previous program was the use of flushing agents 

for cockroach control. 

The average yearly costs of treating institutional kitchens with the pest 

management program was $204 with a range in three kitchens from $185 to $224 per 

kitchen. The use of sticky traps created the highest proportion of the costs of the 

pest management program in kitchens at an average of $163 per year. 

The average materials cost per year with the previous program in 

commercial-size kitchens was $60 per kitchen with a range between two kitchens of 

$56 to $64 per kitchen. The cost was considerably higher than would be expected 

from the costs of institutional-size kitchens which only cost an average of $86 per 

kitchen and were two to three times the total size of the commercial-size kitchens. 

This may be due to technicians taking extra time, and treating more thoroughly, in 

commercial-size kitchens. 

The average yearly cost of the pest management program in commercial-size 

kitchens was $88 with a range between the two kitchens from $86 to $90 per kitchen. 

The costs of treating these kitchens with the pest management program are more 

descriptive of the size and pest levels found in these areas than the costs with the 

previous program. The impact of the technicians spending more time in these 

kitchens should have little or no direct effect on the cost of the pest management 

program. The sticky traps are the primary costs in the pest management program
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and the use of sticky traps should have no reason to change significantly over time. 

The use of action levels also help prevent the technicians from applying pesticides 

without a well-defined reason. Therefore, increased time in these kitchens should 

have no effect on the materials costs of treating commercial-size kitchens. 

The average yearly cost for all materials used in the previous program 

throughout the three institutions was $338 with a range between the three prisons 

from $244 to $512 per institution. When the number of inmates are used to adjust 

for each institution’s size, the average yearly cost per inmate with the previous 

program was $0.70, with a range from $0.43 to $0.85 per institution. It is of interest 

to note that the lowest cost per inmate, $0.43, was in one of the larger institutions, 

NCC, which had approximately 600 inmates. As a comparison JRCC, which had 

approximately 300 inmates, cost $0.81 per inmate and PCC, which had around 600 

inmates cost $0.85 per inmate. 

The average yearly costs of all materials used with the pest management 

program throughout each institution was $637 per institution. The range of average 

costs between the three institutions was from $413 to $855 per institution. The 

average cost per inmate was $1.29 per year with a range of $1.07 to $1.42 per inmate 

per year. 

When relating the costs of the two programs to each institution’s size and it’s 

pest levels, there are many factors that must be taken into account. The three 

institutions in this study were all distinctly different in their pest levels, size and 

number of kitchens. JRCC was the smallest prison with 300 inmates and had one 

medium-sized institutional kitchen. NCC and PCC were approximately the same 

size as each other with 600 inmates. However, PCC had a total of three kitchens 

(one very large and two small commercial-sized kitchens) and the largest degree of 

pest problems. NCC had one medium-to-large size kitchen and very little pest 

problems in the living areas.
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The lower costs of NCC per inmate with the previous program is primarily 

due to the lower pest levels and less pesticides required in living areas. The slightly 

higher cost per inmate in PCC with the previous program was mainly a direct 

influence of the higher pest levels and a higher amount of pesticides required in the 

living areas as well as the increased area of kitchens. 

The variations between the inmate costs of the pest management program 

are largely due to the number of sticky traps required in each kitchen. When sticky 

traps are excluded from the total yearly costs per inmate, the average cost per 

inmate is $0.85 with a range from $0.82 to $0.90 per inmate per year. Therefore the 

lower cost in NCC per inmate is a direct influence of the lower number of sticky 

traps required. The higher costs of PCC is largely due to the extra costs of the two 

smaller kitchens. 

The impact of bait stations on costs in the pest management program was not 

as important as was originally expected. If the costs of sticky traps are removed 

from the total materials costs per inmate per year, the pest management program 

costs around $0.85 per inmate. This is not unreasonably higher than the costs of 

$0.70 per inmate with the previous program. However, the average costs of treating 

living areas with the two programs differ by $0.26 per inmate. This infers that the 

costs of kitchens would account for a considerable decrease in costs if it were not for 

the costs of sticky traps. 

Costs Accounting For Workhours. The actual cost of treatment of the two 

programs must account for any change in workhours required. Any increase in 

workhours may require additional personnel. This evaluation compared the 

combined costs of materials and workhours of the two programs to demonstrate the 

impact of workhours on costs (Table 23).
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This program originally anticipated a considerable increase in workhours 

which would, in turn, require the use of additional personnel throughout the state. 

This was not the case. For this reason, no benefits, vehicle maintenance, or other 

overhead costs were included in these evaluations since the decrease in workhours 

resulted in no increase in the number of personnel required to do the work. Due to 

the large distance to cover between institutions within the state, it would be 

impractical to utilize fewer technicians. 

The average cost per year of the previous program was $222 with a range 

between three kitchens of $184 to $257. These costs were directly related to the size 

of each kitchen. The pest management program in institutional-size kitchens had an 

average cost of $345 per year with a range between the two prisons from $295 to 

$422 per year. The yearly materials and workhours costs with both programs were 

directly related to the size of each kitchen which contradicts the differences in 

materials costs, which was not directly related to the size of the institutional 

kitchens. The average increase in materials and workhours cost of treating 

institutional kitchens with the pest management program was $123 per kitchen. 

The average yearly cost, including workhours, in commercial-size kitchens 

with the previous program was $120 with a range between the two kitchens from $86 

to $154 per kitchen. The average yearly cost, including workhours, with the pest 

management program was $166 per kitchen, with a range between the two kitchens 

from $135 to $198 per kitchen. The average increase in materials and workhours 

cost in commercial-size kitchens with the pest management program was less than 

half the increase in institutional kitchens at only $46 per kitchen. 

The average costs per inmate per year with the previous program was $6.90 

with a range from $5.83 to $8.01. The average total cost of the previous program for 

materials and workhours was $3,338 per institution per year. The average total cost 

per inmate of the pest management program was $3.59 per inmate and $1,807 per
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institution, with a range between the three prisons from $3.47 to $3.82 per inmate. 

The average decrease in cost with the pest management program accounting for 

workhours was $3.31 per inmate and $1,531 per institution. 

The time required to treat inmate living areas with the previous program was 

18 hours for PCC, 13.5 hours for NCC, and 8 hours for JRCC. The pest 

management program required 1/2 hour for PCC and NCC, and 20 minutes to treat 

JRCC. Therefore the pest management program provided a 97% decrease in the 

overall time required to treat inmate living areas. 

The actual number of hours required to treat kitchens with both programs 

are quite comparable. When performing the actual treatment program, both 

programs required approximately the same amount of time. The actual time for the 

previous program was determined from previous records and additional record 

sheets maintained specifically for this study. The average time to treat institutional 

kitchens with the previous program was one hour and twenty minutes per kitchen. 

The average time required to treat institutional kitchens with the pest management 

program was one hour and 35 minutes per kitchen. Therefore, the pest 

management program created a 19% increase in the time required to treat 

institutional kitchens. 

The average time spent treating commercial-size kitchens with the previous 

program was 27 minutes. The pest management program required an average of 35 

minutes. Therefore, the pest management program created a 23% increase in the 

time required to treat commercial kitchens. The overall increase in time required 

to treat kitchens with the pest management program was 21%. This is not 

unrealistic when the actual amount of time is considered. An increase of eight to 

fifteen minutes per kitchen per month should not have a heavy impact on the overall 

acceptance of the pest management program. Zungoli and Robinson (1982) 

reported that an increase from 3.5 minutes to 11 minutes was required to treat an
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average apartment with a crack and crevice application instead of a fan application. 

The increased effectiveness of crack and crevice and reduced potential for non- 

target contamination can easily outweight the 214% increase in time required to 

treat apartments (Zungoli and Robinson 1982). This should also be true of the 

increased time required to treat food-handling areas with the pest management 

program. 

The additional ten to fifteen minutes required to treat kitchens with the pest 

management program was mainly due to the time needed to place sticky traps the 

day before the actual treatment program. Therefore, there was no actual additional 

time required during the treatment program of the pest management program and 

in two of the three kitchens the treatment time was reduced. This reduction in time 

occurred from the practice of identifying all focus zones in a kitchen and 

concentrating more on these areas and less in the areas that have proven to have no 

problems. However, a typical monthly spray program must treat all areas and 

depends very little on inspection. 

The total number of days of service required at an institution with the 

previous program depended on the number of inmates, level of pest problems, total 

area of kitchens, and pest problems in support areas. The number of days spent at 

PCC was five days a month, NCC required four days, and JRCC required two and 

one half days. The overall workhours required by the previous program primarily 

consisted of monthly treatments of the living areas. Since this was such a large area 

to cover in each institution, little time remained for dealing with special problems 

that occurred. 

The pest management program a total of two days a month for NCC and 

PCC and two one-half days for JRCC. However, during the first three and last two 

months, training was continuously being performed which accounted for the 

majority of the time spent in these institutions. Therefore, it can be concluded that
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a total of two days in the large institutions and two one-half days in the medium- 

sized institution would be more than adequate to service these institutions on a 

monthly basis. In consideration of the previous program’s utilization of two, four, 

and five days to treat these institutions, the pest management program would 

provide plenty of extra time for finding and treating special problems. 

Training Costs. The costs of training technicians to use a pest management 

program in an environment similar to prisons would have some impact on the initial 

administrative decisions in the acceptance of such a program. The amount of time 

included in the training of the technicians and supervisors in this evaluation was not 

representative of the time and costs required for the training of individuals for a 

pest management program that was not developed as a research project. The time 

and effort included in the training program for this evaluation overlapped 

considerably with the scientific evaluation and development of the pest management 

program. Therefore, there is no way to precisely define the number of hours 

required for training the technicians and supervisors. The training program in this 

study included several monthly visits to all three prisons and all three technicians 

which may not have been required for the development of a non-research oriented 

pest management program. 

6.3 CONCLUSIONS 

This study has demonstrated that pest management programs can be 

comparable in overall cost to routine pest control services. In a large institution 

such as a prison environment, the use of pest management could significantly reduce 

costs, particularly when the reduction of workhours can be taken into account. 

When accounting for workhour reductions, the overall costs can be reduced by 52%
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or a total decrease of $3.31 per inmate per year. However, when workhours are not 

accounted for, an 84% increase in material costs occurs. This increase results in an 

overall average increase of $0.59 per inmate per year. 

The pest management program in institutional-size kitchens resulted in an 

increase of 136% in the material costs per kitchen and an average increase of $118 

per kitchen. Commercial-size kitchens resulted in a 47% increase in materials costs 

and an average cost increase of $28 per kitchen. 

When workhours are taken into account, the pest management program for 

kitchens results in an overall increase that is much less than the percentage increase 

in materials costs. Institution-size kitchens show an average increase of 15 minutes 

per kitchen. Commmercial-size kitchens result in an eight minute increase per 

kitchen. 

For the DOC’s purpose of comparison, the overall difference in costs of the 

two programs can not account for any changes in workhours required by the 

programs. Therefore, the actual cost difference in materials between the two 

programs resulted in an overall increase of $299 per institution per year with the 

pest management program. When each institution’s size is taken into account, an 

average increase of $0.59 per inmate occurs with the pest management program. 

The range in increase within the three prisons was from $0.57 per inmate in PCC 

and JRCC to $0.64 per inmate in NCC. Therefore, each regional DOC can 

calculate the increase in costs by multiplying the number of inmates by $0.59 per 

year. From the results at NCC, it could also be concluded that the newer prisons 

with less pest problems would have the highest increase in cost. This study did not 

include a detailed analysis of the pest management program in small field units. 

From the research that was conducted, it could be concluded that the increase 

would be no more than $0.60 per inmate per year for small, minimum security 

prisons.
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As demonstrated, the increased costs of this pest management program was 

not due to the expected increase in workhours. The costs of the sticky traps had the 

most significant impact on the final cost increase, and the cost of bait stations was 

the second most important cost. The costs of these materials are, in practicality, 

much higher than most all other products in this study. Due to the low acceptance 

and low price competition of sticky traps and bait stations on the large scale, such as 

residual insecticides, these materials are still much higher than they may be in the 

future. With competitive prices on these products, the costs of pest management 

programs may no longer be a factor. However, whether workhours are taken into 

account or not, the overall increase in costs of pest management programs may be 

justified by the increased level of pest control and decreased level of pesticide use.
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Chapter VII 

ATTITUDES AND KNOWLEDGE OF THE TARGET AUDIENCE AND 

PERSONNEL IN RELATION TO THE PEST MANAGEMENT PROGRAM 

The target audience’s attitudes toward pests and of pest management 

programs have often been considered important factors in the development and 

evaluation of urban pest management programs (Levenson and Frankie 1981, Wood 

et al. 1981, Robinson and Atkins 1983, Zungoli and Robinson 1984, Thoms and 

Robinson 1987). Researchers presenting information about the use of target 

audience’s attitudes often include the target audience knowledge of pests and pest 

control as part of the same analysis. However, for the purposes of evaluating a pest 

management program, the knowledge of the target audience, technicians, 

supervisors, and administration, is a factor that should be evaluated separately. 

Previous research in the area of measuring target audience attitudes toward 

pest management programs has been exploratory (Wood et al. 1981, Robinson and 

Atkins 1983). Urban pest management programs that evaluated attitudes of the 

target audience are John et al. (1987) and Wood et al. (1981). John et al. (1987) 

evaluated an organized district mosquito control program through the use of the 

target audience’s attitudes toward the program. 

Wood et al. (1981) reported research that compared a number of questions 

in the target audience’s overall perception of a pest control program. They found 

significant relationships between questions concerning the number of cockroaches 

seen per day, the perception of an overall cockroach problem, and the overall rating 

of a pest control program. The results of that study suggest that the target audience 

may have a very low acceptance of even low numbers of cockroaches. 

92
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Evaluations of the target audience’s tolerances of different pest levels lead 

one researcher to formulate the hypot.iesis that an aesthetic injury level (AIL) could 

be developed for urban pest species (Olkowski 1974). Olkowski (1974) proposed 

the use of an aesthetic injury level (AIL) as a decision factor in urban pest 

management programs. Zungoli and Robinson (1985) proposed that a cockroach 

AIL adjusted for a specific target audience must change through time. They 

suggested that as the number of cockroaches decreased over time, the level of 

cockroaches that would be tolerated would also decrease. They suggested that the 

presence of any cockroaches was perceived as a serious problem. Zungoli and 

Robinson (1985) also indicated that the level of tolerance to cockroaches and the 

number of cockroaches seen per day were directly related. The overall conclusions 

of Zungoli and Robinson (1985) was that in order to continually satisfy the target 

audience’s changing cockroach tolerance, a pest management program must attempt 

pest elimination. 

The measurement of the target audience’s knowledge of pest and pest 

control has often been suggested as an important evaluation and development tool 

for pest management programs (Robinson 1980, Wood et al. 1981, Zungoli and 

Robinson 1984, Thoms and Robinson 1987). Wood et al. (1981) demonstrated that 

51% the of homemakers they surveyed believed that the presence of cockroaches 

was caused by food and/or filth. However, only 14% thought that cleanliness was 

the best control measure for cockroaches. Zungoli and Robinson (1984) evaluated 

the use of education materials as part of a pest management program. They 

reported that the use of educational brochures for German cockroach control had 

limited effect in improving the awareness of residents in the use of sanitation as an 

effective control measure. Thoms and Robinson (1987) reported that face-to-face
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contact was more effective than brochures in educating the residents about 

cockroach biology and control methods. 

The objectives of this study was to measure the inmates’ knowledge of pests 

and pest control measures. The knowledge of technicians and supervisors required 

to administer effective pest management programs is one of the most critical 

concerns of a pest management program. Therefore, this study also evaluated the 

effectiveness of the training program administered to the technicians and 

supervisors and measured their overall pest management knowledge. 

The objective of this study was to evaluate the inmates attitudes toward a 

pest management program. The attitudes of the inmates, pest control technicians, 

supervisors, and administrators, are measured in regard to various aspects of the 

pest management program. 

7.1 MATERIALS AND METHODS 

Attitude Evaluations. The evaluation involved the pest control technicians, 

supervisors, administration, and inmates. All of the technicians, supervisors, and 

administration that were involved with this study were included in the evaluations of 

attitudes toward the program. The technicians and supervisors were given 

questionnaires which were administered anonymously at the same time period. All 

of the participants were allowed to place their surveys in a single envelope when 

they were finished. 

The administration questionnaire was administered as a mailed survey. The 

six administration personnel included in this study were those that were directly 

affected by the program. Administration included in this study were; the wardens 

from the three prisons, assistant wardens from two of the three prisons, regional
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administrators from two regions in this study, and one assistant regional 

administrator. Most of these personnel had limited, indirect, previous experiences 

with pest control. 

The inmate questionnaire was pretested on 9 inmates to adjust the wording 

of the questions and to correct confusing questions. Inmate surveys were 

administered as personal interviews with approximately 10% of the initial three 

institution populations. The number of inmates included in both surveys was based 

on the number of inmates present in the prisons during the first survey. Participants 

were chosen randomly from the entire prison populations excluding inmates in 

isolation and in receiving areas. A total of 68 (JRCC = 20, PCC = 23, and NCC = 

25) inmates were included from the three prisons during the pre-survey. A total of 

87 (JRCC = 18, PCC = 37, and NCC = 32) inmates were included in the post- 

survey. Questionnaires were administered in a private room. An explanation of the 

study was provided to the inmates after they arrived at the interview room. The 

inmates were then given the option to participate or not participate. 

The inmates’ attitudes toward the pest management program were evaluated 

with three questions. These questions included; "Rate the current pest control 

program", "Compare the use of bait stations to the use of monthly spraying", and 

“Compare the pest control program over the last six months to the pest control 

program one year ago". The first question was included in both the pre and the post 

surveys. The inmates were given the options of "Very Good", "Good", "OK", "Poor", 

and "Very Poor" as answers for this question. The last two questions, which 

compared the two programs, were only included in the post survey. For these 

questions, the inmates were given the options of "Much Better", "Somewhat Better", 

"The Same", "Worse", and "Much Worse". Each of the response choices are scaled 

with a 1 being equal to "Very Poor" and a 5 being equal to "Very Good". The scale
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used to rank the two program comparison questions was 1 = "Much Worse” and 5 = 

"Much Better". 

Inmate Education. Brochures were designed to explain how bait stations 

work and how they should be placed (Appendix F). These brochures were 

disseminated to all inmates during the first distribution of bait stations and were 

made readily available to all inmates during the second bait station distribution 

period. 

A letter was sent to all inmates which briefly explained the pest management 

program and provided additional information about the use of bait stations. This 

letter also provided information concerning possible ant control through the proper 

placement of the bait stations. 

Technician and Supervisor Training. None of the technicians or supervisors 

had any previous pest management experience, and the technicians pest control 

experience was limited primarily to performing monthly treatments. The 

supervisors were only trained for a period of two months and had little or no 

previous experience in pest control. 

Knowledge Evaluations. The inmates’ knowledge was evaluated through 

several questions included in the questionnaire described in chapter seven (Table 

1). Questions included in this analysis were: "Do pests need to be controlled?", 

"Why do pests need to be controlled?", "How often should pest control be done?", 

"Why do roaches live in this environment?", and "What is the best way to control 

roaches?". 

Technicians and supervisors’ knowledge of pest management was tested with 

a set of two different tests. The first test was a written test that was primarily
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multiple choice and true/false. The technicians and supervisors were allowed all of 

the time they needed to complete the written test. The second test was an oral test 

with three problem solving questions. These questions were all aimed at measuring 

the technicians’ and supervisors’ ability to think in a logical and thorough fashion 

when solving difficult problems. With the oral test, the technicians and supervisors 

were given three separate problems and told to explain the series of procedures they 

would go through in order to solve these problems. They were encouraged to 

provide as much detail as possible and the test administrator continually probed the 

participants whenever needed details were omitted. 

The three supervisors were tested with both pre and post written exams. 

Two of the three supervisors were tested with pre and post oral exams. The use of 

pre and post test was to assist in evaluating the training program. Different written 

exams, covering the same material, were administered before and after the 

supervisors’ two month training program. The same questions were used in the oral 

test both before and after the two month training period. The technicians were only 

tested with one written and one oral test after the seven month pest management 

trail period. 

The first problem in the oral test was worth 45% of the total test and 

evaluated the technicians and supervisors ability to solve difficult German 

cockroach problems. The question was open-ended and required the technicians 

and supervisors to consider almost all possible aspects of cockroach control in 

kitchen environments from a pest management viewpoint. The first problem was: 

"You have been monitoring the German cockroach situation in 

a large prison kitchen every month for several months. Your sticky 

trap averages have rarely been high enough to spray in any areas for 

the past few months. You replaced the bait stations three months
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ago. Suddenly, you returned one month and trapped an average of 15 

cockroaches in the baking area (average from 4 traps). What do you 

do?" 

The second problem evaluated the technicians’ and supervisors’ ability to 

solve difficult house fly problems. It was worth 35% of the total test scores. The 

problem was presented as: 

"The inside of a prison kitchen has continued to have high fly 

counts for the past two months. It is now July. The air doors and 

screens were checked last month and seemed to be in proper working 

condition. What should you do with this problem?" 

The third problem attempted to evaluate the technicians’ and supervisors’ 

ability to solve unfamiliar problems in a pest management fashion. It was worth 

20% of the total test score. The problem was presented as: 

"You receive a call from the warden of a prison. He describes 

"a little black bug that is getting into the oatmeal in the kitchen 

storage rooms". What do you do to deal with this problem?” 

Data Analysis. Some of the statistical treatment of the results was 

descriptive or had too small a data base and required no further analysis. The 

associations between prisons, between answers, and between before and after 

results were measured using a Chi Square test (SAS 1985). The relationship 

between questions was measured using Chi Square tests (SAS 1985). The
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significance between the means of questions before and after the pest management 

program are estimated using a Chi Square test (SAS 1985). 

7.2 RESULTS AND DISCUSSION 

Inmate Attitudes. The mean ages of the inmates included in this survey was 

33 years with a range from 20 to 62 years. The average total time spent in prison 

was 5.5 to 10 years with a range from two months to 34 years. The average length of 

time spent in the prison they were currently at was 1.5 to 3.5 years with a range from 

two months to 12 years. Greater than 65% of the inmates in prisons PCC and NCC 

had regular jobs within the institutions. Less that half of the inmates interviewed at 

prison JRCC had jobs. 

The inmates’ overall rating of the two programs was in favor of the pest 

management program in all prisons after the pest management program’s trail 

period. Prison JRCC had a mean score of 1.9 (2 = Poor) and a standard deviation 

of 0.97 in regard to the previous program. The mean score at JRCC in regard to the 

pest management program was significantly higher at 3.6 (4 = Good) and a 

standard deviation of 1.00 (x2 = 20.81, df = 4, n = 37, P < 0.001). The mean score 

at NCC in regard to the previous program was 3.4 (3 = OK) with a standard 

deviation of 1.08. The inmates’ attitudes did not increased significantly in regard to 

the pest management program with a mean score of 4.0 and a standard deviation of 

0.82 ( X2 = 3.7, df = 3n = 57, P = .296). Prison PCC had a mean score of 2.7 (3 = 

OK) and a standard deviation of 1.15 in regard to the previous program. The pest 

management program at PCC did not have a significantly higher mean score of 3.4 

(3 = OK) and a standard deviation of 0.98 (x2 = 6.15, df = 4,n = 57). There was a 

highly significant increase in the inmates responses when all prisons were pooled 

together (x2 = 22.71, df = 4,n = 151, P < 0.001) When the responses from all
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three prison were pooled, the mean score was 2.8 (S.D. = 1.26) for the previous 

program and 3.7 (S.D. = 0.97) for the pest management program. 

Wood et al. (1981) evaluated public housing residents’ opinions of their pest 

control program through the use of the same "Rate the pest control program...” 

question as the one used in this study. They reported 36% of the residents 

responding "very good" or "good" and 67% responded "fair" or "poor". Although the 

participants of the Wood et al. (1981) survey were not given a fifth, ‘in between’ 

choice, the results are similar to the results of the inmate questionnaire before the 

pest management program. However, after the pest management program, the 

response was noticeably higher than that of the public housing residents. 

The question "Compare the use of bait stations to monthly spraying..." 

resulted in an average mean score of 3.7 (S.D. = 1.19) in which a score of four was 

considered "Somewhat Better". The mean scores for JRCC, NCC, and PCC were 

3.7 (S.D. = 1.21), 3.8 (S.D. = 1.06), and 3.7 (S.D. = 1.32) respectively. Therefore, 

the portion of the pest management program that had the most direct effect on the 

inmates (i.e the use of bait stations in their cells) was primarily considered 

“Somewhat Better" than monthly spraying. 

The overall mean score for the direct comparison of the two programs was 

3.8 (S.D. = 0.95). Prisons JRCC, NCC, and PCC all had mean scores of 3.9 (S.D. = 

1.07), 3.8 (S.D. = 0.81) and 3.7 (S.D. = 1.06). Therefore, the inmates generally 

liked the overall pest management program "Somewhat Better" than the previous 

program. The results of this question can be compared to a similar question in the 

survey of public housing residents by Wood et al. (1981). Their survey asked the 

respondants if "the roach problem had gotten better or worse since they moved in”. 

In their question the responses were recorded as ‘better’, ‘worse’ or ‘about the 

same’. The responses were fairly evenly distributed within all three answers 

throughout all three public housing developments. This supports the improved
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results of the pest munagement program questionnaire. Since no general change 

developed in public housing residents’ opinions toward the program over time, it 

may be suggested that the change in the inmate’s opinions was due to the increased 

Satisfaction toward the program not due to a general change over time. 

There was an overall inverse relationship in the number of cockroaches 

sighted and the comparison of the two programs (xX = 19.97, df = 6,n = 74,P 

=.003). There was also a significant inverse relationship between the number of 

cockroaches seen in a day and the rating of both the previous program and the pest 

management program (X- = 31.0, df = 16,n = 68, P = .014; and X¢ = 21.15, df = 

8, n = 83, P = .007, respectively). The inmates’ perception of a cockroach problem 

and the overall rating of the pest management program had an inverse correlation 

(x2 = 31.40, df4,n = 151, P < 0.001)). The number of cockroaches sighted in a 

day was directly related to the inmates’ perception of the cockroach problem in both 

the previous program and the pest management program (x2 = 36.25, df = 4,n = 

68, P < 0.001; X* = 10.85, df = 2,n = 87, P = .004, respectively). 

Regardless of the inmate’s preference for the pest management program and 

the decrease in the number of cockroaches sighted, there was no significant change 

in the number of cockroaches tolerated. There was also no significant change in the 

inmates’ perception of a cockroach problem in PCC and NCC. The reactions of the 

inmates in JRCC did show a significant change in their perception of the cockroach 

problem (X* = 8.16, df = 1, P = .004). 

The cockroach tolerance levels over all prisons were only related to the 

number of cockroaches sighted per day during the previous program and not after 

the number of cockroaches decreased with the pest management program (x2 = 

78.85, df = 35,n = 155, P < 0.001). This somewhat disputes Zungoli and 

Robinson’s (1985) suggestion that as the number of cockroaches decrease, the level 

of tolerance to cockroaches will also decrease. However, it may suggest that the
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time required to change the target audience’s tolerance to cockroaches is longer 

than seven months. This is most likely the case since a direct relationship was found 

in the pre test but not in the post test. 

Inmate Knowledge. When asked the question "Do pests need to be 

controlled?", sixty five inmates responded "yes" (97%), and only 2 inmates 

responded "no" (3%). When asked "Why do pest need to be controlled?", 47% 

mentioned disease and health reasons. Forty percent of the inmates responded that 

pests needed to be controlled because they were a nuisance, and 13% felt it was 

because cockroaches were dirty and/or unclean. 

When asked "Why do roaches live in this environment?", 64% of the inmates 

in the pre test believed that food and/or filth was the reason. Twelve percent of the 

inmates believed roach problems occurred due to excess harborage areas and 15% 

did not know. The remaining 9% of the inmates listed other reasons for having 

roaches. In the post test, 68% of the inmates felt food and/or filth was the cause of 

roaches, and 9% believed it was due to excess harborage. The remaining 22% 

either did not know or mentioned other reasons for roaches. The results 

demonstrate that no change occurred between the pre and post test in the inmates 

understanding of cockroach problems. Overall, a high percentage of the inmates 

(67%) understood the relationship between German cockroaches and sanitation. 

These results are somewhat higher than the 51% that mentioned food and/or filth 

with the same question in low income housing projects by Wood et al.. (1981). 

When asked "What is the best way to control roaches?", 56% in the pre test 

and 43% in the post test mentioned chemical sprays as the best solution. Sixteen 

percent of the individuals in the pre test listed sanitation as the best control measure 

and 22% mentioned sanitation in the post test. Twenty percent of the inmates in 

the pre test, and 18% in the post test, either did not know a good control method or
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mentioned some other control measure. The decreased percentage of inmates that 

mentioned chemical sprays in the post test (43% versus 56%) as the best control 

measure, may have occurred due to the 17% that listed bait stations as the best 

control measure in the post test. Thirty four percent of the inmates that mentioned 

food and/or filth as the reason for cockroach problems also listed sanitation as the 

best control measure. This was similar to the 27% that listed both food/filth as the 

problem and sanitation as the solution in the survey conducted by Wood et al.. 

(1981). 

The inmates were asked "How often should pest control be done at this 

prison?", This question was not included in the post test analysis. Thirty seven 

percent of the inmates in the pre test responded that monthly treatments were 

required for adequate pest control. Twenty three percent of the inmates said that 

pest control must be performed twice a month and 22% suggested weekly 

treatments. Seventeen percent listed other time frames as the best control 

strategies. 

No changes in the inmates knowledge of pest control were recorded between 

pre and post analyses other than a slight change in the percentage responding to the 

use of chemical sprays for cockroach control. 

Technician Attitudes. There were three pest control technicians directly 

involved with the pest management program. They were responsible for three 

separate prisons for the entire seven month period of the program. All of the 

technicians had been working as DOC pest control technicians for at least five years 

and for as long as 12 years. Only one of the technicians had pest control experience 

outside of the DOC. Their ages ranged from 38-50 years of age. 

The technicians overall perceptions of the program were measured through a 

series of questions. The first three questions (Questions no. 2-4 in Table 24)
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measured the perceptions of the program throughout the training period. The 

technicians’ responses to these questions indicated that by the time the first month 

had passed, the technicians’ had formulated their views of the program’s 

effectiveness. This belief did not change through the next six months. Two of the 

technicians believed the program was much better than routine spraying by the first 

month and one believed that the program was only somewhat better than routine 

spraying. During the first day of the program, one technician believed the program 

would not be at all effective and two believed it would be somewhat better than 

routine spraying. 

When given the choice between the use of the pest management program 

and the previous method of routine spraying, all technicians chose the pest 

management program. All three technicians chose the level of control that was 

achieved by the pest management program as the most important component of the 

program of four choices given to them. When asked to rate the effectiveness of 

their time, all three technicians believed that their time was much more effective 

with the pest management program than with the previous program. 

Several questions measured the technicians’ perceptions of the various 

program interactions such as the importance of keeping wardens and regional 

administrators abreast with the program, the inmates perceptions of the program, 

and the degree of assistance received by food-handling personnel. All three 

believed it was very important to keep wardens well informed with the program and 

two believed it was very important to keep regional administrators well informed. 

The third technician believed it was only somewhat important to keep the regional 

administrators well informed. 

Two of the technicians believed they would receive enough cooperation from 

the food-handling staff and one believed he would receive more than enough 

cooperation. When asked to rate how the inmates liked the program based on their
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experience, two technicians believed the inmates considered the program as "Good" 

and one felt they believed it was "Very Good". Overall the technicians had a good 

idea of the inmates attitudes toward the program. However, in comparison of the 

inmate questionnaire result, the technicians were slightly high in their estimation. 

A variety of the program components were rated by the technicians. All 

three of the technicians felt the technician’s manual would be very useful in the 

future. Two felt the sanitation reports were somewhat important and one felt they 

were very important. All three liked the use of bait stations compared to routine 

spraying in inmate living areas. All three felt the supervisors position was only of 

some value. The technicians were split evenly in their believe in the addition of fly, 

rat and bird control. For each component, two technicians felt they were very 

important and one felt these components were only somewhat important. 

Overall, the technicians liked the pest management program and it’s 

components. They all preferred the use of the program over the previous program. 

The results from only three technicians do not provide adequate analysis of a 

program and how it will be accepted by a variety of technicians. However, since 

these three technicians all plan to continue working as DOC pest control technicians 

for several years, their perceptions of the program do play important roles in the 

future success of the program. It is conceivable that other technicians that have 

been performing routine spray programs would also prefer the pest management 

program. Without the support of the technicians, a pest management program 

would not be functional. 

Technician Knowledge. The technicians were only given both tests after they 

had been involved with the program for seven months. No pretest was administered 

to the technicians. The technicians scores on the written test were; Technician #1:
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97%; Technician #2: 70%; and Technician #3: 67%. Their scores on the oral test 

  

were; 

Technician Q#1 Q#2 Q#3 Total 
(Cockroaches) (Flies) (Stored Products) 

Technician #1 94% 98% 100% 97% 
Technician #2 87% 81% 95% 87% 
Technician #3 85% 84% 90% 85% 

Average Scores 89% 88% 95% 90% 

  

The scores for the written test are barely acceptable for Technicians #2 and 

#3. Ascore of 80% or above would have been preferred for this test since the 

technicians had the manual for a period of seven months and were trained in the 

field for more than twelve days. The low scores on this test could demonstrate 

several factors; that the technicians were not forced to read the manual, that 

technicians #2 and #3 have trouble taking tests, that technicians #2 and #3 have 

trouble comprehending what they read, or that technicians #2 and #3 are slow to 

comprehend even things that are repeatedly explained to them. All of the 

information on the written test was described in the technician’s manual and most of 

the information was stressed to the technicians during several occasions in the field 

training sessions. Therefore, technicians #2 and #3 most likely failed the written 

test due to a combination of factors. 

Due to the intensive prodding from the test administrator, the scores on the 

oral exam basically summarize all of the information each technician had absorbed 

during the training program. An overall score of 80% on the oral test would have 

been adequate. Technician #1’s scores on the oral exam were exceptionally high for 

these questions. Technicians #2 and #3 had acceptable scores for all three 

questions.
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Supervisor Attitudes. There were three supervisors involved with the pest 

management program, one for each of the three regions involved with the program. 

The supervisors were responsible for the technician within their region. Their 

primary responsibility was monthly sanitation inspections of the institutions within 

their regions. All of the supervisors were involved with the pest management 

program only during the last two months of the program. Two of the supervisors 

were newly appointed Sanitation Inspectors at the time they were included into the 

pest management program. These two supervisors had no previous experience with 

pest control other than their basic training as Sanitation Inspectors. The third 

supervisor had been a Sanitation Inspector for over five years. He had also been 

irregularly responsible for the pest control technician in his region during these five 

years. 

As with the technicians, the supervisors had formulated their overall belief in 

the pest management program by the first month. At the first month, all three 

supervisors believed the program was much better than routine spraying. However, 

during the first day, two believed the program would be somewhat better than 

routine spraying and one believed it would not work at all. All three of the 

supervisors believed the level of control achieved by the program was either the 

most important or the second most important aspect of the program from the 

choices given. All three believed the low amount of work required by the 

technicians was the least important of the choices provided. 

When given the choice between the pest management program and the 

previous program, two of the supervisor chose the pest management program and 

one suggested that both programs should be used. However, all three thought the 

technicians’ time was spent much more effectively than routine spraying. Two of the
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Supervisors gave the pest management program a "Very Good" overall rating and 

the third supervisor rated the program as "Good" 

All three supervisors thought it was very important to keep the wardens well 

informed about the program and two thought it very important to keep regional 

administrators well informed. The third supervisor felt it was only somewhat 

important to keep regional administrators well informed. All three felt that enough 

cooperation would be received from food-handling staffs. 

All three supervisors choose the use of bait stations over routine spraying in 

living areas and believed that the sanitation reports were very effective. All three 

supervisors believed the supervisor’s manual would be very useful in solving future 

problems. Two of the supervisors felt the supervisor’s position was very valuable to 

the program and one felt it was only of some value. As with the technicians, the 

Supervisors were split two-to-one over the addition of fly, bird, and rat control to the 

technician’s responsibilities. 

Supervisor Knowledge. The supervisors’ scores on the first written exam 

were: Supervisor #1: 60%; Supervisor #2: 60%; Supervisor #3: 77%. Their scores 

on the second written exam were: Supervisor #1: 83%; Supervisor #2: 83%; 

Supervisor #3: 73%. Supervisors #1 and #2 received identical scores on both the 

pre and the post written exams even though their training programs did not coincide 

with one another. Their scores increased by 23 percentage points. Their final 

scores were more than adequate for supervisors of the program. As the pre exams 

demonstrate, these two supervisors had no previous pest control experience. 

Supervisor #3 had some previous knowledge of pest control as his scores on the first 

written exam demonstrate. However, this experience created more of a hindrance 

than an asset. Supervisor #3’s score on the second written exam went down by 4 

percentage points. This demonstrated that the training program had no effect on
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Supervisor #3 although it was identical to that of the other two supervisors. 

Supervisor #3’s overconfidence and lack of concern for the program prevented the 

training program from being of any value. 

  

Supervisor Pre-Score Post-Score Increase 

Question #1 (German Cockroach Problem): 

#1 74% 98% 24 pts 
#2 70% 96% 26 pts 

Question #2 (House Fly Problem): 

#1 80% 100% 20 pts 
#2 74% 94% 20 pts 

Question #3 (Stored Products Problem): 

#1 82% 95% 13 pts 
#2 89% 9756 8 pts 

Overall Scores on Oral Exam: 

#1 78% 98% 20 pts 
#2 75% 96% 21 pts 

  

The oral test results indicate that these two supervisors’ developed a 

thorough understanding of basic pest management practices as well as the specifics 

of the actual pest management program. Their initial scores were quite high when 

the technicians final scores are used as a comparison, indicating that the supervisors 

had a high problem-solving ability before the training program. The training 

program most likely only provided the supervisors with practical knowledge of pest 

management and specific pest management practices. 

The oral and written test results for the supervisors were much higher than 

all but one of the technicians. This demonstrates that two of the technicians were 

not efficient in learning new information. From the supervisors’ test scores it can be 

concluded that the training program was adequate for teaching individuals with a
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high ability to absorb new information. The training program was not as successful 

in training individuals with a lower capacity for absorbing new information. 

Administration Attitudes. When the administrators were asked to rank the 

importance for four portions of the pest management program, three commented 

that the increased involvement of the technicians was the most important of the 

choices provided. Three believed the increased level of pest control was the second 

most important aspect and three rated the reduction in pesticide use around inmates 

as the second most important. Three of the administrators felt the administrators 

ability to keep informed with the program was the least important of the choices 

given. 

When asked to choose between the pest management program or the 

previous program, four chose the pest management program and one chose the 

previous program. The sixth administrator did not make a choice. When asked to 

rate the overall pest management program, four rated the program as "Very Good" 

and two rated it "OK". 

The average time spent by six administrators was thirty minutes per month. 

The administrators estimated that their assistants spent about the same amount of 

time as they did in relation to pest control. 

Five of the administrators believed it was very important to keep both the 

wardens and the regional] administrators well-informed with the pest management 

programs. One administrator felt it was somewhat important to keep wardens 

informed and one assistant warden thought it was not at all necessary to keep 

regional administrators informed. Five of the administrators thought the food- 

handling staffs would provide enough cooperation and one thought they would 

provide no cooperation with pest control problems.
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Four of the administrators liked the use of bait stations in inmate living areas 

more than monthly spraying, one administrator preferred monthly spraying and the 

sixth person did not know which was the better choice. Five of the administrators 

thought the sanitation reports were very effective in dealing with sanitation 

problems in the kitchens and one thought they were somewhat effective. In 

response to the importance of adding flies and birds to the pest management 

program, five of the administrators thought these additions were very important and 

one thought the additions were somewhat important. Four of the administrators 

thought rat control was very important and two thought it was only somewhat 

important. 

7.3 CONCLUSIONS 

The results of this study have demonstrated that most of the people directly 

or indirectly affected by the pest management program preferred this program over 

the previous program. The analysis of the inmate reactions demonstrated that the 

use of several test sites and large numbers of questionnaire participants are needed 

to assess their overall attitudes toward the program. Due to the variability between 

the test sites, the inmate’s attitudes from different institutions were also variable. 

However, even in individual institutions, the inmates preferred the use of the pest 

management program over the previous program. 

The attitudes of technicians, supervisors, and administration personnel were 

difficult to measure due to a limited number of individuals involved with the 

program. However, from the results collected, all six technicians and supervisors, 

and four of the six administration personnel rated the program as good or very good. 

When asked to choose between the pest management program and the previous 

program, all three of the technicians, two of the supervisors, and four of the
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administration personnel chose the pest management program. One supervisor 

suggested both programs be used and one administration personnel did not make a 

choice. 

This study has shown that the attitudes of inmates, technicians, Supervisors, 

and administration personnel, can be used to measure the success of a pest 

management program. Without the support of the target audience and those 

responsible for administering the program, a pest management program could not 

be successful. As long as those affected by the program approve of it’s basic 

components, any problems that occur in the future with the program can be solved 

with relative ease. 

The early conception of the pest management program concluded that the 

use of full-scale education programs for inmates would be of little value. Few ways 

of effectively communicating with inmates were identified. Since a large portion of 

the inmate population is considered illiterate, brochures based on the use of 

pictures and videos were considered to be the only effective means of educating the 

inmates. However, as mentioned earlier in this chapter, the use of brochures was 

shown to have little overall effect on homemakers (Zungoli and Robinson 1984, 

Thoms and Robinson 1987). 

The actual results found when evaluating the inmates’ knowledge were very 

similar to previous studies by Wood et al. (1981). In both studies the target 

audience was demonstrated to have a fair understanding of why cockroaches live in 

urban environments. However, few people understand the significance of 

incorporating sanitation into control methods.



Chapter VIII 

SUMMARY 

The research conducted in this study attempted to create a large-scale pest 

management program for a variety of pests and develop evaluation methods for 

such pest management program. Since the effectiveness of pest management 

programs is directly related to several factors, it was necessary to evaluate all facets 

of the pest management program that impacted on it’s success. The primary 

disciplines evaluated in this study include; pest levels, pesticide use the relative 

toxicity of the overall pesticide use, costs, the target audience attitudes and 

knowledge of the pests and the program, and the attitudes and knowledge of the 

technicians, supervisors, and administration personnel involved with the program. 

For pest management programs to succeed in the competitive commercial pest 

control industry, it is necessary for them to be at least competitive in all of these 

areas. This study attempted to evaluate the degree of competition a pest 

management program can give a traditional pest control program in all of these 

areas. 

The level of control achieved by the pest management program was much 

greater than that of the previous program. The suppression of German cockroach 

populations by the pest management program could conceivably be very competitive 

with some of the most aggressive ‘pest elimination’ programs in the pest control 

industry. This theory is based on the general assumption that most ‘pest 

elimination’ programs thoroughly treat whenever cockroaches are sighted. 

However, most of these programs depend on the technician’s visual inspection 

abilities to identify pest infestations. By the time infestations are located, they are 
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often small populations similar to the size of many of the population levels 

maintained by the pest management program. When this idea is considered over a 

period of a year, the cyclic nature of ‘pest elimination’ programs may provide 

control similar to the overall low levels in the pest management program. 

This study demonstrated several different ways of summarizing pesticide use 

in regard to pest management programs. The use of pesticides in pest management 

programs should be targeted toward the use of the least toxic and the most passive 

forms of pesticide application. In this study we evaluated the use of ‘actively’ and 

‘passively’ applied pesticides as well as the relative toxicity of the pesticides used 

during any given month of the year. There was a 93% reduction in the dermal 

relative toxicity measurements of the pest management program from the previous 

program. The reduction of actively applied insecticides with the pest management 

program was over 99%. These results demonstrate that the proper selection and 

use of pesticides can greatly enhance the benefits of a pest management program. 

The costs of this pest management program, as it relates to the Department 

of Corrections, increased slightly over the costs of the previous program. However, 

this program greatly reduced the number of workhours required throughout all 

institutions. When the reduction of workhours are taken into account, the actual 

costs of the program would have been reduced by 52%. This is contrary to the 

traditional belief that pest management programs require additional workhours. 

The evaluation of workhours with the pest management program demonstrated that 

the number of workhours was decreased by 97% in living areas but increased by 

21% in food-handling areas. The 15 minute increase in workhours that actually 

occurred in food-handling areas was primarily due to the time required to place 

sticky traps the day before the treatment period. The increased costs that existed 

without the consideration of workhours was also primarily due to the high costs of
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Sticky traps. The use of sticky traps in the pest management program comprised the 

largest degree of the increased costs of the program. 

The evaluation of the target audience attitudes toward the pest management 

program was one of the first surveys used to evaluate the actual effectiveness of a 

pest management program. The results demonstrated that the inmates preferred 

the pest management program over the previous program. The inmates considered 

the pest management program ‘somewhat better’ than the previous program. 

The attitudes of the technicians, supervisors, and administrators, were 

evaluated concerning several aspects of the program. Individuals involved with the 

program preferred the pest management program over the previous program and 

preferred the use of bait stations in inmate living areas over monthly spraying. The 

evaluation of attitudes demonstrated that most individuals first view pest 

management programs with some apprehension and have formulated their final 

opinions of a program by the first month.



LITERATURE CITED 

Ballard, J B 1986. Insecticide Residues. Proc. of Nat. Conf. on Urban. Entomol. 

Ballard, J. B. and R. E. Gold. 1982. Evaluation of single and periodic applications 
of chlorpyrifos to control German cockroach populations in multifamily 
dwellings. J. Econ. Entomol. 75: 477-480. 

Ballard, J. B. and R. E. Gold. 1984. The effect of selected baits on the efficacy of a 
sticky trap in the evaluation of German cockroach populations. J. Kansas 
Entomol. Soc. 55: 86-90. 

Ballard, J. B., R. E. Gold, and J.D. Rauscher. 1984. Effectiveness of six insecticide 
treatments strategies in the reduction of German cockroach populations. Ins. 
Acar. Tests 9:415-416. 

Bao, Ne and H Robinson. 1988. Treating for Americans. Pest Control. 56(11): 

Barrows, E. M. 1980. Results of a survey of damage caused by the carpenter bee, 
aylocopa virginica (Hymenoptera: Anthophoridae). Proc. Entomol. Soc. 

ash. 82: 44-47. 

Baur, F. J., and W. B. Jackson. 1982. Bird control in food plants - It’s a Flying 
shame. Am. Assoc. Cereal Chem., St. Paul, Minn. 

Bennett, G., E. Runstrom and J. Bertholf. 1984. Examining the where why and how 
of cockroach control. Pest Control. 52(6): 42-43, 48, 50. 

Benson, E. P. 1989. Dissection of the 103 Church Street: the ultimate cockroach 
inspection. Pest Management. 8(4): 24-27. 

Bertholf, J., J. Owens, G. Bennett. 1987. Influence of Sanitation on the German 
roach. Pest Control Tech. 15(12): 5456, 68. 

Bottrell, D. R. 1979. Integrated Pest Management. Council on Environment, U.S 
Governmental Printing Office. 120p. 

Byrne, D. N., E. H. Carpenter, E. M. Thoms, and S. T. Cotty. 1984. Public attitudes 

toward urban arthropods. Bull. Entomol. Soc. Amer. 30: 40-44. 

Byron, D. and W. H Robinson. 1988. Spraying correctly. Pest Control. 56(5): 28, 30, 

32, 39. 

Davidson, J. A., and S. Gill. 1980. Urban integrated pest management. Chem. 
Times Trends (July): 29-31. 

Farmer, B. R., and W. H Robinson. 1984. Harborage limitation as a component of 
a German cockroach pest management program (Dictyoptera: Blattellidae). 
Proc. Entomol. Soc. Wash. 86: 269-273. 

116



117 

Feare, C.J. 1986. Pigeons: past, present and prerequisites for management. Proc. 
The Seventh British Pest Control Conf. 85 pp. 

Fitzwater, W. D. 1983. House sparrows. pp. E-43-53 Jn Prevention and Control of 
Wildlife Damage (R. M. Timm, ed.). Cooperative Extension Service, 
University of Nebraska, Lincoln, NE, 660 pp. 

Frankie, G. W. and H. Levenson. 1978. Insect problems and insecticide use: public 
opinion, information behavior. pp. 359-399. In G. W. Frankie, C. S. Koehler, 
eds., Perspectives in Urban Entomology, Academic Press, New York. 417 pp. 

Gold, R. E., T. Holcslaw, D. Tupy, and J. B. Ballard. 1984. Dermal and respiratory 
exposure of applicators and occupants of residences treated with dichlorvos 
(DDVP). J. Econ. entomol. 77: 430-436. 

Greenberg, B. 1973. Flies and disease, vol. 2. Princeton University Press. 
Princeton, N. J., 448p. 

Gupta, A. P., Y. T. Das, J. R. Trout, W. R. Gusicora, D. S. Adam, and G. J. 
Bordash. 1973. Effectiveness of spray-dust-bait combinations and the 
importance of sanitation in the control of German cockroaches in a inner-city 
area. Pest Control. 41(9): 20-26, 58-62. 

Gupta, A. P., Y. T. Das, W. R. Gusicora, D. S. Adam, and L. Jargowsky. 1975. 
Effectiveness of three spray-dust combinations and the significance of 
correction treatments and the community education in the control of 
German cockroaches in an inner-city area. Pest Control. 43(7): 28, 30-33. 

Hellman, J. L., J. A. Davidson and J. Holmes. 1982. Urban ornamental and 
turfgrass integrated pest management in Maryland. pp. 31-38. /n H. D. 
Neimcezyk and B. G. Joyner, eds., Advances in turfgrass entomology. 
Hammer Graphics, Picqua, Ohio. 

Howard, W. E., and R. E. Marsh. 1974. Rodent control manual. Pest Control 
42(8): 18pp. 

Jackson, W. B. and B. T. Marsh. 1978. Environmental control of rats (2 part 
series). Pest Control 46(8): 12-16. 

Jackson, W. B. and B. T. Marsh. 1978. Environmental control of rats (2 part 
series). Pest Control 46(9): 27-29, 40-42. 

Jacobi, H. B. and F. E. Wood. 1988. An integrated pest management program for 

indoor pests in a biomedical research facility. paper presentation in Proc. 
Nat. Conf. Urban Entomol. 109. 

Karner, M., R. G. Price, and L. A. Roth. 1978. Laboratory evaluation of crack and 

crevice treatment for control of Blatella germanica by using various nozzle 
types, nozzle heights, and crack widths. J. Econ. Entomol. 71: 105-106. 

  

Kellert, S. R. 1980. American attitudes toward and knowledge of animals: an 
update. Int. J. Stud. Anim. Prob. 1: 87-119.



118 

Kun J. H., J. R. Stoll, and J. K. Olson. 1987. The public’s view of mosquito 
problems in an organized control district. J. Am. Mosq. Control Assoc. 47: 1- 

Lait, B. L. and Y. H. Bang. 1982. Pest management in human settlements. Prot. 
Ecol., 4: 277-290. 

Leidy, R. B., C. G. Wright, and R. E. Dupree, Jr. 1982. Concentration and 
movement of diazinon in air. J. Environ. Sci. Health, B 17(4): 311-319. 

Levenson, H., and G. W. Frankie. 1981. Pest control in the urban environment, pp. 
251-272. In T. O’Riordan and R. Kerry Turner, eds., Progress in resource 
management and environment planning, vol. 3. John Wiley and Sons, N.Y. 

Levenson, H. and G. W. Frankie. 1983. A study of homeowners attitudes and 
practices toward pests and pesticides in three U.S. metropolitan areas. Jn 
Frankie, G. W. and C. S. Koehler, eds., Urban Entomology: Interdisciplinary 
Perspectives. Praeger Press. N.Y. 512 pp. 

Marsh, R. E., and W. E. Howard. 1976. House mouse control manual. Pest Control 
44(8): 23-33, 62, 64. 

Marsh, R. E., and W. E. Howard. 1976. House mouse control manual. Pest Control 
44(9): 21-28, 53-54. 

Marsh, R. E., and W. E. Howard. 1976. House mouse control manual. Pest Control 
44(10): 27-38, 43-45. 

Marsh, R. E., and W. E. Howard. 1976. House mouse control manual. Pest Control 
44(11): 43-45, 53-56. 

Matthysse, J.G. 1945. Observations on housefly overwintering. J. Econ. Entomol. 
38: 493. 

Metcalf, R. L., and W. Luckmann. 1975. Introduction to insect pest management. 
John Wiley and Sons, New York. 

Mumford, J. D. and G. A. Norton. 1984. Economics of decision making in pest 
management. Ann. Rev. Entomol. 29: 157-74. 

Olkowski, W. 1974. A model ecosystem management program. Proc. Tall Timbers 
Conf. Ecol. Anim. Cont. Habitat Manage. 5: 103-117 

Olkowski, W., H. Olkowski, R. van den Bosch, and R. Hom. 1976. Ecosystem 
management: A framework for urban pest control. Bioscience 26: 384-389. 

Patterson, R. S., and P. G. Koehler. 1985. Sterility: A practical IPM approach for 
German cockroach (Blattella germanica) control. Proceedings of the First 
Insect Growth Regulator Symposium. Zoecon Corp., Dallas 1(5): 48-60. 

Peters, H. 1965. The house fly as a disease carrier. Pest Control 33(5): 16-20. 

Pickens, L. G. 1988. Factors affecting the distance of scatter of house flies 
(Diptera: Muscidae) from electrocuting traps. J. Econ. Entomol. 82: 149-151.



119 

Piper, G. L., and G. W. Frankie. 1978. Integrated management of urban cockroach 
populations. pp. 249-266. In G. W. Frankie, C. S. Koehler, eds., Perspectives 
in Urban Entomology, Academic Press, New York. 417 pp. 

Raupp, M. J., J. A. Davidson, C. S. Koehler, C. S. Sadof, and K. Reichelderfer. 
1987. Decision-making considerations for aesthetic damage caused by pest. 
Bull. Entomol Soc. Amer. 33: 27-32. 

Ravlin, F. W. and Wm. H Robinson. 1985. The target audience in a turfgrass pest 
management program. Bull. Entomol. Soc. America 31: 45-50. 

Roth, L. M. and E. R. Willis. 1957. The medical and veterinary importance of 
cockroaches. Smithsonian Mise. Coll. 134: 1-147. 

Robinson, W. H. 1980. Homeowner knowledge of wood-infesting insects. 
Melsheimer Entomol. Ser. 29: 48-52. 

Robinson, W. H, and R. L. Atkins. 1983. Attitudes and Knowledge of urban 
homeowners towards mosquitoes. Mosquito News 43: 38-41. 

Robinson, W. H, R. C. Akers, and P. K. Powell. 1980. German cockroaches in 
urban apartment buildings. Pest Control. 48(7): 18-20. 

Robinson, W.H and P. A. Zungoli. 1985. Integrated control program for German 
cockroaches (Dictyoptera: Blattellidae) in multiple-unit dwellings. J. Econ. 
Entomol. 78: 595-598. 

von Rumker, R., E. W. Lawless, and A. F. Meiners, K. A. Lawrence, G. L. Kelson, 
and F. Horay. 1974. Production, distribution, use and environmental impact 
potential of selected pesticides. Environmental Protection Agency, Office of 
Pesticide Programs, and Council on Environmental Quality. 439 pp. 

SAS Institute. 1985. SAS Procedures Guide, Version 5. Cary, N. C. 

Sawyer, A. J.,and R. A. Casagrande. 1983. Urban pest Management: a conceptual 
framework. Urban Ecology 7: 145-157. 

Schoof, H. F. and E. P. Savage. 1955. Comparative studies of urban fly populations 
in Arizona, Kansas, Michigan, New York, and West Virginia. Ann. Entomol. 
Soc. Amer. 48: 1-12. 

Schoof, H. F., G. A. Mail, and E. P. Savage. 1954. Fly production sources in urban 
communities. J. Econ. Entomol. 47: 245-53. 

Scott, H. G. 1961. Pigeons - public health importance and control. Pest Control 
29(9): 9-20, 60-61. 

Smith, R. F. 1969. The importance of economic injury levels in the development of 
integrated pest management control programs. Qual. Plant Mater. Veg. 2: 
81-92. 

Stern, V. M. 1966. Significance of the economic threshold in integrated pest 
control. Proc. FAO Symp. Integrated Pest Cont. 2: 41-56.



120 

Stern, V. M. 1973. Economic Thresholds. Annu. Rev. Entomol. 18: 259-280. 

Stern, V. M., R. F. Smith, R. van den Bosch, and K. S. Hagan. 1959. The integrated 
control concept. Hilgardia 29: 81-101. 

Thoms, E. M. 1989. Empire 20 and Dursban ME: evaluating performance in 
commercial food-handling facilities. Down to Earth. 45(3): 9-13. 

Thoms, E. M. and W. H Robinson. 1986. Distribution, seasonal abundance, and 
pest status of the oriental cockroach (Orthoptera: Blattidae) and an evaniid 
asp, (Hymenoptera: Evaniidae) in urban apartments. J. Econ. Entomol. 79: 

Thoms, E. M. and W. H Robinson. 1987. Insecticide and structural modification 
strategies for management of oriental cockroach (Orthoptera: Blattidae) 
populations. J. Econ. Entomol. 80: 131-135 

Velsicol Chemical. 1982. Improving your profit picture. Systema, Chicago, IIl. 

Wharton, G. W. 1976. House dust mites. J. Med. Entomol. 12: 557-621. 

Williams, R. 1982. Fly control - sanitation shoos this bothersome pest. Pest Control 
$0(6): 70, 72-73, 75. 

Wood, r E. 1980. Cockroach control in public housing. Pest Control 48(6): 14-16, 
18. 

Wood, F. E., W. H Robinson, S. K. Kraft, and P. A. Zungoli. 1981. Survey of 
attitudes and knowledge of public housing residents towards cockroaches. 
Bull. Entomol. Soc. Am. 27: 9-13. 

World Health Organization. 1970. Insecticide resistance and vector control. Tech. 
Rep. Ser. 443. 280 pp. 

Wright, C. G. 1965. A survey of cockroach species found in some North Carolina 
apartment projects. Pest Control. 33(6): 14-15. 

Wright, C. G. and M. D. Jackson. 1971. Propoxur, chlordane, and diazinon on 
porcelain china saucers after kitchen cabinet spraying. J. Econ. Entomol. 64: 
457-459. 

Wright, C. G. and M. D. Jackson. 1974. A comparison of residues produced by 
spraying and fogging of diazinon in buildings. Bull. Environ. Contam. Toxic. 
12: 177-181. 

Wright, C. G., R. B. Leidy, and H. E. Dupree. 1984a. Mission Impossible? Pest 
Control Tech. 12(3): 52-54. 

Wright, C. G., R. B. Leidy, and H. E. Dupree. 1984b. Chlorpyrifos and diazinon 
detection on surfaces in dormitory rooms. Bull. Environ. Contam. Toxicol. 
32: 259-264.



121 

Zungoli, P. A. 1982. Aspects of dispersal and population structure of Blatella 
rmanica (L.) in field habitats and attitudes concerning aesthetic injury 

fevels. PhD Dissertation. Virginia Polytechnic Institute and State 
University. Blacksburg, VA. 99 pp. 

  

Zungoli, P. A. and W. H Robinson. 1982. Crack and crevice outshines fan-spray 
treatment. Pest Control. 50(6): 20, 22. 

Zungoli, P. A. and W. H Robinson. 1984. Feasibility of establishing an aesthetic 
injury level for German cockroach pest management programs. Environ. 
Entomol. 13: 1453-1457.



Vitae 

Eric J. Snell was born and raised in Petersburg, West 

Virginia. He entered Virginia Polytechnic Institute and 

State University in 1984 as an Integrated Pest Management 

major. While an undergraduate Eric worked as a part-time 

employee in the Department of Plant Pathology as a 

laboratory technician. During his last two years as an 

undergraduate, Eric worked in the Department of Entomology 

as an assistant to Dr. William H Robinson. In 1988 Eric was 

one of the last three students to graduate with an IPM 

degree cz Virginia Tech. 

Upon receiving his Bachelors of Science degree, Eric 

entered the graduate program in the Department of 

Entomology. As a graduate student, he was part of the Urban 

Pest Control Research Center under the direction of Dr. 

William H Robinson. 

Eric is currently employed as the Regional Entomologist 

for Western Termite and Pest Control in Leesburg, Virginia. 

His responsibilities include quality control, technical 

assistance, and training. 

tx, Zalf 
Eric g./snell 

11/24 | ¢e 
_T Date


	000001
	000002
	000003
	000004
	000005
	000006
	000007
	000008
	000009
	000010
	000011
	000012
	000013
	000014
	000015
	000016
	000017
	000018
	000019
	000020
	000021
	000022
	000023
	000024
	000025
	000026
	000027
	000028
	000029
	000030
	000031
	000032
	000033
	000034
	000035
	000036
	000037
	000038
	000039
	000040
	000041
	000042
	000043
	000044
	000045
	000046
	000047
	000048
	000049
	000050
	000051
	000052
	000053
	000054
	000055
	000056
	000057
	000058
	000059
	000060
	000061
	000062
	000063
	000064
	000065
	000066
	000067
	000068
	000069
	000070
	000071
	000072
	000073
	000074
	000075
	000076
	000077
	000078
	000079
	000080
	000081
	000082
	000083
	000084
	000085
	000086
	000087
	000088
	000089
	000090
	000091
	000092
	000093
	000094
	000095
	000096
	000097
	000098
	000099
	000100
	000101
	000102
	000103
	000104
	000105
	000106
	000107
	000108
	000109
	000110
	000111
	000112
	000113
	000114
	000115
	000116
	000117
	000118
	000119
	000120
	000121
	000122
	000123
	000124
	000125
	000126
	000127
	000128
	000129
	000130
	000131

