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1 Understanding the Business 
of Controlling Pests

1.1 Introduction

Urban pests are common all over the world. These 
include cockroaches, flies, mosquitoes, bed bugs, 
ticks, fleas, ants, termites, rodents and a few more. 
These pests thrive in dark, warm and moist condi-
tions in structures, particularly in places where 
there is food, warmth and places to hide. Moreover, 
a number of human activities and habits such as 
living in homes with insufficient ventilation, creat-
ing clutter, poor lighting, temperature control, poor 
recycling of rubbish, improper composting meth-
ods, poor water storage and use of wood in con-
struction attract pests. Also, community and public 
areas in cities such as parks, recreation centres, 
wastelands, rivers, canals, sewer drains, storm-
water drains, dump sites, flea markets and recycling 
plants often serve as ideal breeding grounds and 
habitats for pests.

●● A city is never free of pests, and urban pests are 
among the prime sources of damage and many 
human illnesses and injuries.

Urban pests are the leading causes of illnesses due 
to allergies, bites, food contamination and phobia. 
They also harm humans by causing significant dam-
age to property and structure. Consequently, the pest 
control industry has flourished because of the 
human need to eliminate them, generating billions of 
dollars annually. Today we have global pest control 
companies such as Rentokil, Terminix and Orkin, in 
addition to many local ones, who have synonymized 
their brands with the very act of pest control.

1.2 Trading Pest Control Business

Pest control is becoming a necessity for humans 
(Figs 1.1–1.4). The sight of a pest triggers various 
types of negative behaviour, such as anger and dis-
gust, and the choice to use a toxic chemical spray is 
almost involuntary. This human behaviour has made 
pest control a burgeoning business area. However, 

the degree of trade is dependent on the nature of the 
service the practitioner is offering and the environ-
ment where the service is required. An occasional 
trail of ants in the home may be merely a nuisance; 
in contrast a single ant in a hospital can have serious 
consequences. The tolerance for pest infestations 
varies from situation to situation. Institutional kitch-
ens, health care facilities and critical manufacturing 
facilities demand detailed and careful design and 
planning to exclude pests compared to homes or 
shopping centres.

●● Pest control is becoming a necessity for humans. 
The sight of a pest triggers various types of nega-
tive behaviour, such as anger and disgust, and 
the choice to use a toxic chemical spray is almost 
involuntary.

The information disparity with regards to pests, 
between the client (such as a homeowner) and the 
pest controller has been utilized to make pest control 
services a successful business. Practitioners often help 
to bridge the knowledge gap by providing informa-
tion, printed literature, client references and web 
reviews. Practitioners often introduce the products 
they use in order to gain the confidence of the client. 
In addition, manufacturers continuously update their 
product pages with research and findings to help 
clients gather reassuring information. Another way 
of getting around this information asymmetry and 
making pest control businesses more profitable is to 
offer warranties to gain the client’s trust. Pest control 
companies often provide various types of service and 
product warranties. Such warranties can be in many 
forms, such as retreatment without incurring extra 
cost in the case of the pest resurfacing. Practitioners 
have even experimented with offers to replace dam-
aged property to increase their business.

●● The information disparity with regard to pests 
and pesticides between the client and practitioners 
has been utilized very well to make pest control 
services a profitable business.
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2 Household Pests and Their  
Control – Cockroaches

Cockroaches are the most common urban pests in 
structures across the world. Worldwide there are 
around 3500 species of cockroaches, of which only 
a few species prefer the constant temperature and 
moist conditions that humans maintain in their 
homes and working areas. These few species have 
attained pest status and need to be controlled.

●● Cockroaches are attracted to warm and humid 
places, they are capable of substrate manipulation, 
known for hygienic behaviour, food sharing, can-
nibalism, vibrational communication, kin recogni-
tion, trail following and care of the brood.

Cockroaches are associated with various public 
health problems due to their association with human 
waste and their ability to move between filthy areas 
into homes and commercial establishments. At least 
22 species of pathogenic human bacteria, viruses, 
fungi and protozoans, as well as five species of hel-
minthic worms, have been isolated from field- 
collected American cockroaches. Cockroaches are 
also medically proven to be the cause of allergies in 
children and adults.

All species of cockroaches follow an incomplete 
life cycle as it goes through egg–nymph–adult stages 
(Table 2.1). Cockroach nymphs are often confused 
with other cockroach species as well as with other 
insects such as bugs and beetles. A professional may 
be needed to determine the difference at times. A few 
notable species of pest cockroaches are discussed in 
the following section.

2.1 German Cockroach  
(Blattella germanica)

The German cockroach is the most common house-
hold pest encountered in homes and commercial 
buildings. It is a resident pest. The pest is attracted to 
the food humans prepare, eat and throw away. They 
live in cracks, crevices and dark spots in the building 
provided by furniture, wall cabinets and numerous 

household items, which provide the right type of 
conditions for growth and development.

Description

Adult German cockroaches are 1.1–1.6 cm long. 
Individuals are brown to dark brown in colour, 
with two black stripes on the pronotum (the area 
just behind the insect’s head). Females are usually 
darker and their abdomens are more rounded 
(Figs 2.1 and 2.2).

Nymphs in the first stage are very dark in colour. In 
later stages, a pale tan stripe appears down the middle 
from front to rear. This stripe divides the nymphal 
markings into two dark, long stripes. The stripes 
remain as two dark streaks on the adult’s pronotum, 
while the rest of the body is covered by pale brown 
wings.

2.1.1 Life cycle

Eggs

The egg capsule of the German cockroach is about 
5.0–6.5  mm long. Half of it protrudes from the 
female’s abdomen when developed. It is carried in 
this way for 3 weeks until it is dropped, about 1 day 
before the eggs are ready to hatch. Each egg capsule 
contains 30–40 eggs. The female is capable of pro-
ducing four to eight capsules in her lifetime. The first 
few capsules will have a full complement of eggs, but 
subsequent capsules can contain fewer. Female 
German cockroaches are known to safely deposit 
mature capsules in hideouts protected from distur-
bance and exposure.

Nymphs

The eggs hatch roughly a month from the day they 
are deposited. Nymphs moult six or seven times 
before reaching the adult stage. Females often have 
one extra moult compared to males.
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Fig. 2.3. Spot treatments using a compressed air sprayer allow treatment of cracks and crevices. (Author’s photo.)

Fig. 2.4. Gel bait, calibrated bait applicator and monitoring stations are usually adequate for managing German 
cockroaches. (Author’s photo.)
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over the treated surfaces (Fig. 2.5). (More about 
this product is discussed on p. 99.)

2.1.4 Monitoring and follow-up visits

It is strongly recommended that, whatever the 
method of treatment, a follow-up visit in 2 weeks 
is a must to get the best result. In addition to ocular 
inspection, cockroach monitors – such as passive 
monitors – can be placed in strategic locations after 
a treatment. This helps the technician record cock-
roach activity on the next visit or helps plan the 
next course of action. Such information is helpful 
in understanding the problem over time and in 
providing clear communication to the clients.

●● It should be noted that, in general, no cockroach 
infestation, large or small, can be totally eradi-
cated in one single treatment.

2.2 American Cockroach  
(Periplaneta americana)

The American cockroach is a cosmopolitan pest 
distributed throughout the world. The species is 
common in store rooms, cabinets, manholes, drains 
and practically any dark place in a structure. It is 
also commonly seen on public transport such as 
trucks, buses, aeroplanes and ships.

Appearance

An adult American cockroach can grow from 
35–50 mm in length. The wings of the male extend 

slightly beyond the tip of the abdomen, but those 
of the female do not. This roach is reddish-brown 
in colour and its pronotum is ringed by an irregular 
light colour that is almost yellow. Often this margin 
is bright and wide, darkening towards the centre of 
the pronotum. In other cases, the lighter margin is 
barely visible, but it is always present on the rear 
margin of the pronotum (Fig. 2.6).

Diet

The American cockroach can survive on practi-
cally anything. It is an omnivorous and opportun-
istic feeder. It consumes anything from decaying 
organic matter to paper, boots, hair, bread, fruit, 
book bindings, fish, groundnuts, old rice, the soft 
part on the inside of animal hides, cloth and dead 
insects.

2.2.1 Life cycle

Eggs

The American cockroach female drops her egg cap-
sules once ready. The capsules are between 5 and 
6 mm in size. The egg capsule is dark in colour and 
dropped in a dark and protected place. The American 
cockroach can also live outdoors; in such cases egg 
capsules can be found in moist places. Females produce 
egg capsules throughout the year. Females can prod-
uce from 12–24 capsules in their life time. An aver-
age of 14–16 eggs per capsule hatch in 30–50+ days. 
The numbers indicated above vary depending on 
climate.

Fig. 2.5. Spot application of sprayable bait using a compressed air sprayer saves time and covers a large area. 
(Courtesy of ICB Pharma.)
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of beetle (Koehler et al., 2013). If wood conditions 
are right, emerging female beetles may mate, lay 
their eggs and re-infest the same wood, continuing 
the cycle for generations.

The most common types of powderpost beetles 
are Anobiid, Lyctid and Bostrichid beetles.

7.2.1 Anobiid powderpost beetles

Anobiid powderpost beetles are found infesting all 
types of structural as well as non-structural wood 
including various grades of plywood. The beetles 
prefer to infest wood with a high moisture content 
in poorly ventilated areas. Infestations are difficult 
to detect and the same wood can be re-infested year 

after year. Emergence holes from Anobiids are 
1.5–3.0 mm in diameter and round (Koehler et al., 
2013).

Appearance

Anobiid powderpost beetles are usually about 
1.5–6.5 mm long and are reddish-brown or greyish 
brown to dark brown in colour. The body is cylin-
drical, elongated and covered with fine hair. The 
head is covered by the pronotum from the top view. 
The last three segments of the antennae are usually 

5 mm

Fig. 7.4. Drywood termite soldiers have large 
mandibles (mouthparts) with teeth and their pronotum 
is as wide, or wider, than the head. (Courtesy of Pest 
and Diseases Image Library, Bugwood.org.)

Fig. 7.1. Pelletized dropping – a characteristic of 
drywood termite infestation. (Author’s photo.)

Fig. 7.2. A close up of the pellets. (Courtesy of Josielyn 
Trinidad.)

1 mm

Fig. 7.3. A typical drywood termite species, 
Cryptotermes brevis. (Courtesy of Pest and Diseases 
Image Library, Bugwood.org.)
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lengthened and broadened (Fig. 7.6). The larvae are 
white, c-shaped grubs with rows of small spines on 
the dorsal side (Fig. 7.7). The beetle life cycle lasts 
from a few months to a few years, depending on 
the species (Koehler et al., 2013).

7.2.2 Bostrichid (false) powderpost beetles

Bostrichid powderpost beetles are 2.0–24.0 mm in 
length and are reddish-brown to black in colour. 

Their bodies are elongated and cylindrical with a 
roughened thorax. Heads are concealed by the pro-
notum from above. The antennae are short with three 
enlarged, sawtoothed terminal segments (Fig. 7.8). 
The larva is white and c-shaped with no spines on 
the body. The life cycle lasts a year. Bostrichids 
infest all types of wood including bamboo items 
(Koehler et al., 2013).

1 mm

Fig. 7.6. An adult Anobiid beetle. (Courtesy of Pest 
and Diseases Image Library, Bugwood.org.)

Fig. 7.5. Fine wood powder being pushed from the exit holes of powderpost beetles. (Courtesy of Dr P. Suresh.)

1 mm

Fig. 7.7. Typical c-shaped larva of powderpost 
beetle. (Courtesy of Pest and Diseases Image Library, 
Bugwood.org.)
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dropping and the location of the rodent species, the 
number of rodents as well as the area of harbour-
age can be ascertained. New droppings can indicate 
the level of activity (Fig. 9.5).

Gnawing damage: Rodents need to gnaw to keep 
their incisor teeth in shape. Their teeth grow at a 
rate of about 2.5 cm per year. Rodents keep their 
teeth worn down by continuously working them 
against each other and by gnawing on hard sur-
faces. Indication of gnawing damage as evidence of 

a rodent infestation will show rodent activity as 
well as paths taken.

Runways: Non-resident rodents, such as those liv-
ing outdoors, constantly travel the same route. Their 
runways appear as beaten paths on the ground. Look 
next to walls, along fences, under bushes and build-
ings. Indoor runways sometimes also make clear trails 
by leaving hairs, foot marks and greasy marks on 
walls. These are clear signs of pathways, which can be 
used for tracking powder application.

Fig. 9.3. Typical house mouse. (Author’s picture.)

NORWAY RAT
Rattus norvegicus

YOUNG RAT

ROOF RAT
Rattus rattus

HOUSE MOUSE
Mus musculus

shorter than
head + body

longer than
head + body

light, slender large large pointed

large

small small

large

FEET HEAD

heavy, thick

TAIL BODY EAR EYE MUZZLE

small small blunt

Fig. 9.4. A simple method of identifying common pest rodents. (Author’s picture.)
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11 Methodology in Pest Control – 
Insecticide Baits and Baiting

11.1 Baits and Methods of Baiting

Baits and baiting procedure have many advan-
tages over conventional pesticide sprays. The 
advantages include minimal impact on humans 
who are living or working amid infestations 
(Table 11.1).

11.2 Baiting Cockroaches

Baiting cockroaches using food-based baits is a 
proven strategy (Fig. 11.1). However, the work 
requires some degree of skill and training.

Cockroaches are not social insects and lack the 
recruitment behaviour shown by termites and ants. 
Each cockroach makes its own decisions; this 
makes the task of baiting more challenging. The 
performance of a bait or baiting process thus 
depends on integration of knowledge of cockroach 
feeding preferences, patterns of movement, resting 
behaviour and the nature of the job site. In addi-
tion, the fact that German cockroaches, for exam-
ple, are not attracted to bait over long distances 
makes bait performance dependent on proper 
placement of bait.

●● German cockroaches are not attracted to 
bait over long distances, thus bait perfor-
mance is dependent on proper placement 
of bait.

There is evidence that poor quality baits as well as 
improper baiting that fails to kill in its first  
or subsequent encounters provide opportunities  
for the cockroaches to learn to avoid future con-
tact. This learned avoidance of bait can be over-
come by choosing a good bait and also by 
periodically moving the baits to new locations 

and also rotating bait with different matrices and 
active ingredients.

Cockroaches are known to associate visual cues 
with food and use learned cues to forage. Usually a 
new food type placed in a new site attracts more 
cockroaches than the known food type in the 
known site. When the known food type was in a 
new site and the new food type in the known feed-
ing site, most of the cockroaches oriented towards 
the known food type and neglected the new one. 
These results revealed that many factors influence 
the discovery and ingestion of a food source and 
that cockroaches make different foraging decisions 
in relation to the existing environmental situation. 
They are able to distinguish a novel food placed in 
a novel site from a novel food placed in a site previ-
ously occupied by another food type. This also 
means that cockroaches learn the location of spe-
cific food resources and associate particular loca-
tions with particular resources. This associated 
learning behaviour is useful in optimizing bait 
application.

●● Failure to determine harbourages and applying 
bait far from harbourages renders bait ineffec-
tive. Bait placed a few feet away sometimes has 
no or minimal effect.

It is well known that German cockroaches are 
reluctant to venture far from areas of harbourage 
for foraging and this makes the role of inspection 
in the process of baiting even more important. 
Failure to determine harbourages and applying 
bait far from harbourages renders bait ineffective. 
Bait placed a few feet away sometimes has no 
effect. The bait placement guides included with 
most bait products are important to optimize bait 
performance.
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13 Handling Pesticides

Pesticides are toxic to humans, animals, birds and 
fish. However when handled carefully by trained 
practitioners as per label directions they do not pre-
sent any hazard. Incorrect handling, such as acciden-
tal spillage on body parts, inhalation or consumption 
can pose harmful effects including fatality. Such 
cases should be immediately handled in consultation 
with the local poison centre or a physician.

The most common pesticide exposure is through 
inhalation, which is often overlooked. This happens 
when a pesticide bottle is opened, and the chemical 
is being poured, mixed and sprayed. Most new-
generation pesticides do not have a smell or are 
termed odourless, preventing their detection by nose. 
Pesticide vapours from these odourless formulations 
are being inhaled without being detected. A com-
plete face mask or a mask over the nose, mouth and 
eyes is always advisable when handling any type of 
pesticide.

13.1 Using a Pesticide

There are four important things a practitioner should 
do before handling pesticide.

 1. Read the pesticide label.
 2. Understand the hazard class.
 3. Know the hazard pictogram.
 4. Keep emergency measures on hand.

13.1.1 Reading the pesticide label

All pesticide packaging has a label (Fig. 13.1). The 
purpose of the pesticide label is to protect human 
health and the environment. In Asian countries, pes-
ticide labels are legal documents in that they are 
required by law to be put on pesticide packaging. 
Labels serve as the only contact between the manu-
facturer and the user of the product. They convey 
essential usage recommendations and safety infor-
mation. In addition, the label informs the user about 

the hazards of the pesticide, and risks of its use, 
which should help the user to assess the actual risk 
of handling and applying the product under specific 
local conditions.

13.1.2 Understanding the hazard class

The World Health Organization (WHO) has intro-
duced a colour band scheme, indicating (mainly) 
acute health hazards of the pesticide product, which 
is based on the WHO classification of pesticides by 
hazard. In this scheme, bands of specific colours 
indicating the hazard classification of the product are 
printed horizontally on the bottom part of the label.

Practitioners are thus required to check the colour 
and use the product accordingly. Table 13.1 shows 
the colour classifications as per the WHO directive.

13.1.3 Knowing the hazard symbol 
pictograms

Hazard symbol pictograms (or hazard symbols) are 
those pictograms visualizing the hazard (or some-
times risk) of the product, according to the Global 
Harmonizing System (GHS) (Fig. 13.2). The follow-
ing hazard symbols are defined by the GHS. They 
should be in the shape of a square set at a point, and 
should have a black symbol on a white background 
with a red frame. The exact size of the hazard sym-
bol pictogram will depend on the size of the pesti-
cide container/label, but must not be less than 10 × 
10 mm in size.

13.1.4 Keeping emergency  
measures on hand

Poisoning due to pesticides is usually acute and 
results from extensive skin contact or ingestion. 
Signs and symptoms vary with the type of pesticide 
and can sometimes be confused with other illnesses. 
If any of the following symptoms are detected a 
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