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Abstract 

 
Household pests are important in that they have an immediate and direct impact in our life. 

Knowledge of their existence and way to control these pests is important to protect and maintain 

our health and food supply. Some of the common species one might expect in houses are 

cockroaches, ants, houseflies, mosquitoes, stored grain insects, termites, silverfish, booklouse, 

spiders, rodents, and lizards etc. Presence of these pests in buildings and houses has become a 

matter of social indignation as well as health hazards and general nuisance. 

 

Controlling these pests and to improve environmental quality in houses, urbanites rely on 

synthetic pesticides. A number of synthetic products are available in the market to ward off 

building pests, but they have well known side effects. With increasing problems if pest resistance, 

public concernôs regarding pesticide safety, new, safer active ingredients are becoming necessary 

to replace existing products in the market. Natural products and their synthetic analogues are 

emerging as a viable component of pest management strategies and among them essential oils are 

of special interest in view of their scientifically proven repellent, fumigant and knock-down 

properties apart from resource availability in bulk. These days, a range of herbal products are 

flooded in the market to care of household pests, but unfortunately most of them are not always 

subject to rigorous testing. Many of the commercial products incorporate materials or compounds 

that are listed by USDA on óGenerally Recognized as Safe (GRAS). But it does not ensure that the 

final preparation or product will function effectively as formulated. Therefore, the major are of 

concern is safety aspect of natural products in formulation and their precise mode of action.   

 

Therefore, development of safe and scientifically proven herbal products should be given 

priority and in this direction, this institute has recently developed some value added formulations 

effective as mosquito repellents like MOS REP (agarbatti), MOSE-Ex (body lotion), MOSPRAY 

(aerosol) and  FLOMOP (floor mopping) acting as general insect repellent. These products apart 

from taking care of insects also give aromatherapeutic effect, thereby they are readily acceptable. 

Similarly, to fight with diseases causing germs in houses, unique essential oil based herbal 

disinfectants have been developed like  SWABEE  and HAN-KOOL and the later product has been 

launched in market. Therefore using essential oils as pesticides may provide manifold 
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opportunities like sustainability, business development and employment generation apart from 

pest control.  

 

Key Words:  Household pests, essential oils, mode of action, safety and   

sustainability 
 

INTRODUCTION  
 

Pests are any unwanted plants, animals or micro-organisms. Every home owner 

and apartment dweller has pest problems. In fact, we spend more than $ 1.5 

billion annually for professional pest control services in our homes and 

apartments. These pests may include, among other things, filthy, annoying and 

disease transmitting flies, mosquitoes, cockroaches, moths that eat woolens , 

beetles that feed on leather goods and infest package foods, termites that nibble 

away at his wooden buildings, looks and cellulose products, rats and mice that 

leave faecal pellets scattered around in exchange of food they eat, annoying 

lizards, spiders and cats etc. There are several species of cockroaches which are 

obnoxious, odorous, and leave trail of fecal droppings on foods and house 

furnishing during their nocturnal frolicking. Termites move into the structure 

from the ground and attack wood, books and papers. Ants can contaminate food 

and cause home owners great annoyance. Cloth moths and carpet beetles often 

damage or destroy woolen clothing and furs etc. House dust mites, carpet beetles 

cast skins, cockroach and unknown others produce allergens. Flies and 

mosquitoes are tremendous nuisances outdoors and occasionally indoors. 

 

The presence of these pests in buildings and houses has become a matter of social 

indignation as well as health hazards and general nuisance. Therefore controlling 

of these pests is neither a luxury nor mark of affluance - it is essential.  

 

Controlling household pests is important throughout the year. Pesticides have 

become extremely beneficial tools to the urbanites. These chemical tools are used 

by the homeowner as intentional addition to his home and garden environment in 

order to improve environmental quality for himself. However synthetic pesticides 

are often associated with well known problems of human health hazards and its to 

applicators. Besides unwanted side effects, environmental concern and population 

explosion has made it essential to develop new natural benign pesticides. 
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Throughout history, plant products have been successfully exploited as pest 

controlling agents. The secondary metabolites produced by plants include 

alkaloids, coumarins, chromenes and terpenoids, especially monoterpenoids have 

been evaluated for their household pest controlling properties. The essential oils 

mainly comprised of monoterpenes have been found to possess varying degree of 

pest controlling properties lie repellents, attractants and toxicants (Naik et al, 

1993). 

 

Monoterpenoids  found in essential oils are ten carbon hydrocarbon or their 

related compounds such as acyclic alcohols (e.g. linalool, geraniol, citronellol), 

cyclic alcohols (e.g. menthol, isopulegol, terpeniol), bicyclic alcohols (e.g. 

borneol, verbenol), phenols (e.g. thymol, carvacrol), etones (carvone, menthone, 

thujone), aldehydes (citronellal, citral), acids (e.g chrysanthemic acid) and oxides 

(cineole). Many essential oils and their isolates have been recorded to be active 

towards household pests, which are of great significance as they produce direct 

reflection on civilization, the use of mosquito lotion, insect coils and repellent 

aerosols are the best examples of their impact on society. 

 

The present paper deals with broad spectrum outlook about the important pests 

encountered in buildings and their strategic management through natural products. 

 

DIAGNOSTIC FEATURES OF BUILDING PESTS:  

 

Identification of the building pests is the first key step for any house owner for 

their management. Diagnostic features of the some of the important building pests 

are summarized in Table-1. 
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Table-1. Diagnostic features of some of the important building pests 
___________________________________________________________________________________________________________________ 

Common Name  Scientific Name   Diagnostic features   Damage/diseases associated 

            with the pest 

___________________________________________________________________________________________________________________ 

Cockroach 

      German  Blatella germanica  Pale brown in colour with two  Cockroach antigen trigger allergic  

(Othoptera: Blattidae)  parallel dark stripes on head   Reactions in children causing  

       respiratory problems especially  

 asthma 

 

      Oriental  Blatta orientalis   Shiny black in colour. The female  Cockroach antigen trigger allergic  

   (Othoptera: Blattidae)  is oval with wing stub   reactions in children causing  

respiratory problems especially 

            asthma 

 

      American   Periplaneta Americana  Reddish brown with light brown  Cockroach antigen trigger allergic  

   (Othoptera: Blattidae)  margin around sides   reactions in children causing  

            respiratory problems especially  

            asthma 

 

      Brown banded Supella longifolia   Similar to german cockroach but  Cockroach antigen trigger allergic  

   (Othoptera: Blattidae)  bears a light tan band across the  reactions in children causing  

       base of the wing and a broken  respiratory problems especially  

       band across the centre of the wing  asthma 

       on nymphs, the band pattern is 

       clearly visible 

 

Housefly  Musca domestica   Cosmopolitan species, adult fly is   Act as mechanical vector of a great  
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___________________________________________________________________________________________________________________ 

Common Name  Scientific Name   Diagnostic features   Damage/diseases associated 

            with the pest 

___________________________________________________________________________________________________________________ 

(Diptera: Muscidae)  dark, mottled gray and 6-7 mm long variety of micro-organisms that  

         produce human diseases like  

         typhoid, cholera, salmonellen-sis,  

         bacillary dysentery and  

         tuberculosis etc. 

Mosquito     Anopheles stephensi  Selender bodied insects with long  Causes malaria 

   (Diptera: Anophilinae)  legs. The adult sits at 45
0
 angle 

 

   Aedes aegypti   Selender bodied insects with long  Causes dengue fever 

   (Diptera: Culicidae)  The adult sits parallel to surface, 

       body is covered with silver scales  

 

   Culex quinquefasciatus  Selender bodied insects with long  Causes filaria 

   (Diptera: Culicidae)  Adult is black in colour 

 

Indian house cricket Gryllodes supplicans  Long antennae with three segmented Cause great annoyance by  

   (Orthoptera: Gryllidae)  legs, stout body    producing irritating sounds 

      

Termites 

      Subterranean  Reticulitermes sp.   Soil inhabiting insect and occur in three Enter in building by making tubes  

   (Isoptera: Termitidae)  forms, body colour whitish, yellowish originating from soil and damage 

       to brownish    anything having cellulose 

 

Drywood  Cryptotermes brevis  Black head with brownish body and Damage wood items and often 

   (Isoptera: Kalotermitidae)  yellowish legs, difficult to detect   make tiny holes on wood surface to  
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___________________________________________________________________________________________________________________ 

Common Name  Scientific Name   Diagnostic features   Damage/diseases associated 

            with the pest 

___________________________________________________________________________________________________________________ 

            expel their excreta 

 

Black carpet beetle Attagenus megatoma  The adults are coal-black, shiny  Larvae attack keratin protein based  

   (Coleoptera: Dermestidae)  and hard shelled, oval in shape  materials such as wool, fur, hair  

and feathers etc 

 

Ants 

    Black carpenter ant Camponotus pennsylvanicus Black in colour with roving habits  Damage a variety of food items and  

   (Hymenoptera: Formicidae)      cause great annoyance 

 

    Pavement ant  Tetramorium caespitum  Blackinsh brown with light coloured Cause annoyance and contaminate  

   (Hymenoptera: Formicidae)   legs and two spines at the end of the food 

       thorax 

 

Cloth moth 

    Webbing  Tineola bisselliella  Body is covered with shiny golden  Damage woolen clothings, carpets,  

   (Lepidoptera: Tineidae)  scales, and head with reddish golden wall hangings and eat keratin based  

       hairs, wings are spotted   materials 

 

    Case making  Tinea pellionella   Light brown in colour with three   Damage woolen clothings, carpets,  

   (Lepidoptera: Tineidae)  dark spots on each wing   wall hangings and eat keratin based  

materials 

  

Book louse    

   Cereal psocid  Liposcelis divinatorius  Wingless indoor species no wing  Damage materials of plant and  



13 

 

 

 

 

 

___________________________________________________________________________________________________________________ 

Common Name  Scientific Name   Diagnostic features   Damage/diseases associated 

            with the pest 

___________________________________________________________________________________________________________________ 

   (Psocoptera: Liposcelidae)   pads, 1.5 mm long, cream coloured  animal origin including food,  

       to grayish or light brown   plaster, leather, wood work 

   

    Pale booklouse  Trogium pulsatorium  Wingless indoor species, have small Damage materials of plant and  

    (Deathwatch)  (Psocoptera: Liposcelidae)  wing pads, 2.0 mm long, creamy or  animal origin including food,  

       grayish or light brown in colour. It  plaster, leather, wood work 

       produces audible tapping motion of 

       its abdomen 

 

Silverfish  Lepisma saccharina  Small silver scaled insects shaped  Feed on carbohydrates, protein  

   (Thysanoptera: Lepismatidae) like carrot    contained in flour, starch, cereal,  

            paper, clothes and damage books,  

wall papers 

 

Indian meal moth Plodia interpunctella  Adults are about 10 mm long with  Larva damages a variety of grain  

   (Lepidoptera: Noctuidae)  bronze coloured wings. Adult fly  meals chocolate and powdered milk 

       in zig-zag faishon 

Aggressive house Tegenaria agrestis  Diagnosis is difficult   Can cause blistering 

spider   (Aranae: Angelenidae) 

 

Commensal rodents 

     House mouse  Mus musculus   Small less than 8 inches, selender  Damage anything which is edible,  

   (Rodentia: Muridae)  body, pointed nose and small  spread many parasitic disease  

       protruding eyes, hairless tail with  which are dangerous to humans  

       scaly rings, large ears, musky odour like bubonic plague, murine typhus  
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___________________________________________________________________________________________________________________ 

Common Name  Scientific Name   Diagnostic features   Damage/diseases associated 

            with the pest 

___________________________________________________________________________________________________________________ 

fever, hantavirus, salmonellosis etc. 

 

      Norway rats  Rattus norvegicus   12-18 inches long and stocky in  Damage anything which is edible,  

   (Rodentia: Muridae)  appearance    spread many parasitic disease  

            which are dangerous to humans  

like bubonic plague, murine typhus 

fever, hantavirus, salmonellosis etc. 

 

Lizard (Gecko)  Hemidactylus frenatus  Well known reptiles crawling on  Cause annoyance and are carrier of  

   (Squamata: Gekkonidae)  walls     micro-organism, Salmonella 

___________________________________________________________________________________________________________________ 
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EFFECTIVENESS OF NATURAL PEST CONTROL AGENTS  

 

A number of synthetic products are available in market to ward off building pests. 

Diethyltoluamide is still the most widely used mosquito and cockroach repellent in India 

(Prakash e al, 1990). Colgate-Palmolive has released a cockroach repellent floor cleaner, 

Ajax Expel® in Europe which contains N-methyl neodecanmide as active ingredient 

(Brenner et al, 1998). Another product Bay Repel®, containing active ingredient as 1-

piperidinecarboxlic acid,2-(2-hydroxyethyl)-1-methylpropylester also act as mosquito 

repellents (Yap et al, 2000). However, these synthetic products inspite of being effective, 

have toxic effects including encephalopathy in children, urticaria syndrome, anaphylaxis, 

hypotension and decreased heart rate. Similar and other neurotoxic problems have been 

continuously encountered with other pyrethroids based fly control products. 

 

The essential oils and other plant products hold much promise as pest control agents 

especially repellents with higher degree of safety than synthetics. Citronella is a popular 

aromatic ingredient in insect repellent formulations. Candles and incense containing oil 

of citronella are sold in maret as insect repellents. Despite popular conception, Lindsay et 

al, 1996 reported that citronella candles or incense were ineffective for reducing biting 

pressure of mosquitoes. It was found that burning an unscented candle had the same 

effects on reducing the biting rate of mosquitoes in the field as a citronella candle. Many 

commercial products lie Buzz Away® (containing citronella, cedarwood, eucalyptus and 

lemongrass), Green Ban® (containing citronella, cajuput, lavender, safrole free 

sassafrass, peppermint and bergaptene free bergamot oil) and Sin-So-Soft® (containing 

various oils and stearates), although effective but failed in scientific validation in an 

olfactometer assay against Aedes aegypti (Chou et al, 1997). Therefore, natural 

ingredients must be scientifically validated for their activity, efficacy and safety before 

making any formulations. 

 

A number of natural products have been documented in scientific literature for their 

effectiveness against common pests inhabiting houses. Neem oil from Azadirachta 

indica, when formulated as 2% in coconut oil, provided complete protection for 12 hours 

from Anopheles mosquitoes (Sharma et al, 1993). Quwenling, a popular Eucalyptus 

based repellent product contains a mixture of p-menthane-3, 8-diol; isopulegone and 

citronellol. Quwenling has lagely replaced diemethyl phthalate as the insect repellent 

choice in China (Trigg, 1996). Similarly, Central Institute of Medicinal and Aromatic 

Plants, Lucknow has recently developed few herbal lead molecules as pest control agents 

and obtained international patents (US patent no. 6423741, 6,660,761; South Korea 

patent no. 2000/1643, BD patent no. 1003853) based on which several herbal formulation 

products  like óMos Repô (mosquito repellent agarbatti), óMosprayô (mosquito repellent 

spay), óMose-Exô (mosquito repelling body lotion), óFlomopô (as floor mopping to repel 
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insects),  disinfectants like óSwabeeô and  óHan-Koolô which kill a diverse range of 

germs. The technology for Han-Kool has been transferred and product has been launched 

in the market. Another product in the form of vanishing cream as mosquito repellent has 

been developed by Indian Council of Medical Research centre at Podichery, contains 

DEPA (N,N, Diethyl Phenyl Acetamide) synthesized in the laboratory. DEPA has been 

found to give promising repellency for 6-7 hour at 1.0 mg/cm2 against mosquitoes, 

blackflies and land leaches (Kalyanasundaram and Mathew, 2003). DEPA has been 

found safe in toxicological studies. Milled red cedar flakes were found to be repellent to 

the german cockroach but not to American or brown banded cockroaches (Appel and 

Mack, 1989).  Karr and Coats (1991) found that hexane and methanol extract of 

hedgeapple (Maclura pomifera) were significantly repellent to cockroaches, Blatella 

germanica . Numerous sesquiterpenoids have been detected in this oil responsible for 

repellent activity. Hot water extracts of catnip (Nepeta cataria) deterred flea beetles  and 

fresh catnip repelled black ants (Riotte, 1975) and it was found to be repellent to 

members of 13 families of insects (Eisner, 1964). 

 

Against houseflies 

 

A number of essential oils have been reported to have repellent activities against 

houseflies, amongst them essential oils of Cymbopogon martini, lemongrass, eucalyptus, 

sandalwood are most effective (Ansari and Razdan, 1994). Kaul et al, 1978 tested three 

Artemisia species oils, and found maximum activity with Artemisia vestata oil and  20% 

solution of this oil produced 93.3% knock down effect. Salch et al, 1984 reported the 

insecticidal activity of A. vulgaris, A. absinthium and A. monosperma and found the 

insecticidal compound as 3-methyl-3-phenyl, 1-4 pentadiene. Singh and Singh, 1991 

tested insecticidal and repellency of 31 essential oils against houseflies and found 100% 

repellency in oils of Ocimum gratissimum, Thymus serphyllum, Illicium verum, Myristica 

fragrans and Curcuma amada. Yusufolu and Hasdemir (1996) reported the oil of 

Pelargomium graveolens repellent to mosquitoes and houseflies. Similarly, Wimalartne, 

1996 identified cis-menth-2 en-1 ol and trans piperitone as repelling compound in the 

essential oil of Schinus molle. 

 

Against mosquitoes 

 

Deshpande and Tipinis, 1971  found that methyl chavicol from Ocimum basilicum oil 

gave 100% mortality to mosquito adults within 10-25 minutes at 0.001 ml/43 cm
2
 

whereas crude oil gave result after 30-35 minutes at 0.003 ml/43 cm
2
 concentration.   

Essential oil of Vitex negundo showed repellency towards Aedes aegypti, polar fraction of 

the oil protected mosquito bite for 1-3 hours (Hebbalkar et al, 1992). Trigg, 1996 has 

evaluated a lemon eucalyptus based insect repellent (Eucalyptus maculatus and E. 
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citriodora) against Anopheles gambiae with p-methane 3,8 idol, this formulation was as 

effective as DEET. 

 

Against cockroaches 

 

Essential oil of Denettia tripetala has been reported to be toxic to cockroaches (Iwabe et 

al, 1981). Ahmad et al, 1995 showed dose-dependend repellency in oils of Zingiber 

officinale, Pandanus odoratum, Binnamomum zeylanicum, Syzigium aromaticum and 

Cymbopogon citratus. Similarly application of mint oils have been demonstrated by 

Hayashi, 1995 as repellent towards cockroaches.  

 

HOME REMEDIES FOR PEST CONTROL  
 

Here some tips are being given to ward off some of the pests invading houses. Although, 

these tips are not scientifically proved but still work. 

  

Ants 

 

¶ Vinegar to get rid of tiny ants.  

¶ One clove of garlic, one onion, one tablespoon of pepper and a quart of water. 

Steep for one hour, add a tablespoon of liquid soap and spray it around the house 

for ant and roach control.  

¶ Mixing baking soda with powdered sugar and applying to infested areas.  

¶ Pour a line of any of the following where the ants are entering the building: 

cinnamon, cream of tartar, red chili pepper, salt, dried mint or sage, or cucumber 

peelings.  

¶ Mix a tablespoon of sugar and a tablespoon of borax with 2 tablespoons of water. 

Soak cotton balls in mixture and place on low lids.  

¶ Mix 2 tablespoons boric acid, 2 tablespoons sugar and a cup of water. Soak paper 

towels, place on dishes, and set out for ants.  

¶ Mix 100 grams of mint jelly with 2 tablespoons of powdered boric acid. Cut small 

squares of making tape and dab mixture on tape. Stick on floors behind cabinets 

and appliances.  

¶ Combine: 1 part active yeast 2 parts molasses 1 part sugar. Mix the ingredients 

well. Drop a teaspoonful on several small squares of white paper. Place the paper 

squares along ant trails where they will not be disturbed.  

How does it work? The ants are attracted to the sugary feast and will 

consume it readily. The action of the yeast, however, will produce gas their bellies 

which they cannot rid themselves of.  They essentially will pop.   The best part of 

this method of pest control is that it utilizes no chemicals.  
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¶ 3 parts Apple Jelly, 1 part boric acid crystals. Mix ingredients thoroughly. Cut 

standard soda straws into 2 - 3 inch pieces. Fill a 5 - 10 ml disposable syringe 

(without needle) with mixture. Use this to fill soda straw pieces. Place in areas 

that ants have been observed. Keep out of reach of children and animals.  

¶ Black ants are repelled by pennyroyal leaves (Mentha pulegium or Hedeoma 

pulegioides). Avoid Pennyroyal oil, since it is highly toxic to animals and 

humans. 

¶ Red ants can be driven away by sweet fern (Comptonia asplenifolia).  

¶ Any ant hates Marigolds.  
 

Cockroaches 
 

¶ One clove of garlic, one onion, one tablespoon of pepper and 25 ml of water. 

Steep for one hour, add a tablespoon of liquid soap and "spray it around the house 

for ant and roach control.  

¶ Mixing baking soda with powdered sugar and applying to infested areas.  

¶ Equal amounts of oatmeal flour and plaster of paris or equal amounts of baking 

soda and powdered sugar or equal amounts of borax and brown sugar.  

¶ Place bay leaves around cracks in room.  

¶ 8 parts powdered rodent chow, 3 parts granulated sugar, 1 part boric acid crystals. 

Add water to make the mix about the consistency for good mud pies and add 

green food coloring to avoid unintentional misuse as animal feed. Roll the mix 

into balls about 1- inch in diameter. Place balls of bait in locations used by 

roaches. The bait needs to be made up fresh every 3 months.  

¶ Take a half litre of  empty coffee can. Place 1 or 2 pieces of bread in the bottom 

of the can and soak thoroughly with beer. Place in areas known to have roach 

infestations. Be prepared to view a can 1/4 to 1/2 full of roaches the next day.  

¶ Roach repellant - equal parts of baking soda and powdered  

¶ Do not like Camphor, Tansy, Wormwood, Hydrocarbons and Tar 

 

Houseflies 

 

¶ Sprinkle dry soap into garbage cans after they have been washed and allowed to 

dry; it acts as a repellent.  

¶ Place tansy near your kitchen door or where flies tend to cluster.  

¶ Other repellents include oil of cloves and mint springs.  

¶ Set a sponge in a saucer and soak it with oil of lavender to repel flies.  

¶ A pot of basil set on a window sill or table will help reduce the number of flies in 

the room.  
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Mosquitoes 

 

¶ Rub citronella oil on exposed areas or burn citronella candles.  

¶ Tansy planted near a door, or basil plants will repel mosquitoes.  

¶ Castor bean plants (Ricinus communis) near a door keeps them outside  
 

Fabric pests 

 

¶ Mix 200 grams  rosemary, 200 grams mint, 100 grams thyme, 100 grams ginseng, 

and 2 tablespoons cloves and put in cheesecloth bags to be used as a sachet.  

¶ Sachets of any of the following: dried lemon peels, dried lavender, bay leaves, 

whole cloves, cedar chips, dried rosemary and mint or whole peppercorns.  
 

Rodents 
 

¶ Most of the heterocyclic nitrocompounds, amide, phenyl thiocyanates, halides, 

thiourea compounds have been reported to have adequate rodent repellency 

(Malhi and Kaur, 2000). 

¶ Mice absolutely don't like the strong smell of any variety of Mint (Mentha 

species), Sassafras bark (Sassafras albidum), Camphor, gum, spurge (Euphorbia 

species), Dog Fennel (Anthemis cotula) or cats nut tree leaves are said to protect 

fruits from mice.  

¶ Catnip (Nepeta cataria) is also said to repel them.  

¶ The best bait for rats is Anise oil, which they simply cannot resist. 

 

Spider spray 

 

¶ Natural soap, neem oil (25 ml), add 1-5 drops of any preferred essential oil 

¶ Chestnut and clove scent 

 

Dust mites 

 

¶ Tannic acid powder neutralizes mite allergens 

 

FUTURE REPELLENTS  

 

Piperdine  
 

Advantage to piperdine-based repellents is that they wonôt dissolve plastics, such as 

sunglass lenses or auto paint.  
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Catnip  
 
Nepetalactone, an essential aromatic oil in catnip, is about ten times more effective at 
repelling mosquitoes than DEET ð the compound used in most commercial insect 
repellents.  
 
Tomato  
 
A North Carolina State University entomology researcher has reported that a component 
of tomatoes, called IBI-246, has shown itself to be more effective that DEET and is safer. 
It repels mosquitoes, ticks, biting flies and even cockroaches. It has been tested on 
humans with no adverse side effects.  
 
MODE OF ACTION OF ESSENTIAL OILS AS INSECT REPELLENTS  
 
The essential oils works as repellent similar to the commercially available repellent, 
diethyltoluamide. Diethyltoluamide interferes with mosquito ability to detect convection 
currents caused by a warm body after they have been altered by their carbon dioxide 
receptors. Hairs on the mosquito antennae are temperature and moisture sensitive. The 
repellent molecules enter pores of the female mosquito sensory receptors, thereby 
interfering with their ability to locate their host. Thus lactic acid receptors of the vector is 
blocked, abolishing upwind flight (Davis and Soolove, 1976). Lactic acid is present in 
warm blooded animals body odour and sweat, and is attractive to female mosquitoes. In 
behavioural studies, lactic acid is essential to attraction of Aedes aegypti, but lactic acid 
by itself is only mildly attractive, indicating synergism with other unidentified human 
odour components (Geier et al, 1996). Oleic acid and linoleic acid have been indicated in 
death recognition and death aversion (repellency) in cockroaches, and the term 
ónecromoneô has been proposed to describe a compound responsible for this type of 
behaviour (Rollo et al, 1995). 
 
It is unclear if repellents work by common mechanisms in different arthropods, and 
conflicting evidence exists in the literature. For example, tick detects repellents on the 
tarsi of the first pair of legs (Hallerôs Organ) and insects detect the same substances on 
the antennae. Furthermore, the difference in sensitivity to repellents between different 
classes, orders and families are differences of degree only; no fundamental difference in 
type of response are observed (Rutledge et al, 1997). However, degree of  differential 
sensitivity were stable over several generations in mosquitoes, indicating a genetic, 
heritable basis of tolerance (Rutledge et al, 1978). Very little is known about the 
receptors responsible for the repellent responses in cockroaches, it is not known if 
receptors for repellent even exist. 
Generally monoterpenoid derivatives are more lipophylic than their parent compounds 
which may contribute to rapid penetration. It is proposed that these derivatives once 
entered into insect body might be hydrolyzed in vivo to the parent monoterpenoids, toxic 
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compounds, which act as natural compounds and react with the receptors to exert the 
bioactivity (Kumbhar and Dewang, 2001). 
 
STRUCTURE-ACTIVITY RELATIONSHIPS  
 
Natural products and their synthetic analogues are emerging as a viable component of 
pest management strategies. The structural modifications of natural monoterpenoids may 
lead to improved biological activity (Kumbhar and Dewang, 1999). The biological 
activities of natural products as well as monoterpenoids are related to functional groups. 
The activities are dependent upon nature and position of the functional groups and 
molecular configuration rather than volatility and  molecular size (Kumbhar and Dewang, 
2001). 
 
A monoterpenoid, linalool is found in essential oil of Lavandula angustifolia and 
Ocimum species (Lis-Balchin and Hart, 1999). Recent research suggests that the primary 
mode of action of linalool is on the nervous system, affecting ion transport and the 
release of acetylcholine esterase (Re et al, 2000). There have been a few studies reported 
in the scientific literature that describe insecticidal activity against stored product pests 
(Weaver et al, 1991 and Sanchez-Ramos and Castanera, 2000) and the potential use 
against cat fleas (Hink et al, 1988). Acute oral (rat) and dermal (rabbit) exposure levels 
that cause 50% mortality are quite high (. 2.7 g/kg), suggesting substantial safety margins 
for mammals (Opdyke, 1979).  
 
Another monoterpenoid, citronellol, its ether and ester derivatives were evaluated for 
repellent and insecticidal activities against Anopheles stephensi and Musca domestica. It 
was found that citronellyl ethers were more effective than esters (Kumbhar et al, 2000). 
Very little definitive work has been done on structure-activity relationship of natural 
repellents. Nepetalactone has been isolated as the active component of Nepeta cataria 
with two isomers being present in the plantôs essential oil: Z,E (cis, trans) and E, Z (trans, 
cis) with Z,E-nepetalactone predominating (Fig. 1) 
 
 
 
 
 
     

 

 

 

                           Z,E-nepetalactone                  E,Z-nepetalactone 
 

 (Fig.1. Nepetalactone isomers from Nepeta cataria ) 
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Davis (1985) mentions that an oxygen functional group is necessary for the activity. Most 

of the mosquito repellents fall in a range of molecular weight of 50-250 (Taylor et al, 

1996) and vapour pressure is the only parameter significantly related to mosquito 

repellent activity (Davis, 1985). Partition coefficient, molecular weight, infrared 

absorption, viscosity, surface tension, molecular polarizability, and Hammett substituent 

constants have all failed to be correlated with to repellent activity (Davis, 1985).  

 

Available reports reveal that lipophilic nature of compounds, alkyl side chain, free 

phenoilc, hydroxyl or methylene dioxy group are significant for insecticidal activity, 

while aliphatic straight chain ketone and aryl ketone compound exhibit strong  repelling 

activity, further importance of specific positions of side chain in few molecules enhance 

the activity. Oxygenated function enhances the activity (e.g. citral, citronellol, geraniol 

etc). The specific steriosomeric form also play an important role for the activity as is 

evident by the fact that sometime linalool present in different isomeric forms in various 

plant sources display different level of activity 

 

SAFETY OF ESSENTIAL OILS  

 

Interest in natural products is growing rapidly. Given the size of the market, an increasing 

interest in all things natural, it is not surprising that commercial products are being 

developed for a wide range of human and animal uses, including pest control. 

Unfortunately, most of the natural products used for pest control, are not always subject 

to rigorous testing. 

 

Repellents may have an increasingly important role in eliminating insects from certain 

environments such as schools, hospitals and food preparation areas. Many of the 

commercial products including essential oils are included on the Generally Recognised as 

Safe (GRAS) list fully approved by Food and Drug Administration (FDA) and 

Environmental Protection Agency (EPA) in USA for food and brevarage consumption 

(EPA, 1993). However, this does not ensure that the preparation or product will function 

effectively as formulated or advertised by a specific producer. Many of the herbal 

products for pest control suffer from several non-trivial problems. The least important of 

these range from relatively minor misinterpretations to providing misinformation to the 

consumers. For example, a natural repellant such as oil of eucalyptus advertised for use 



23 

 

 

 

 

 

against mosquitoes can serve as attractant for another blood feeding pest e.g. biting 

midges (Braverman et al, 1999). Plants produce a wide variety of insect toxins, many of 

which are dangerous to mammals as well as insects (DôMello, 1997). Thus simply 

assuming that all plants are equal or thatô natural is safeô can be dangerous. 

 

The oil of tea tree, Melaleuca alternifolia has been used for centuries in Australia as 

traditional remedy for discomfort caused by insect bites (Budhiraja et al, 1999). The most 

active  compounds in this oil are terpinen-4-ol, terpinene, 1,8-cineole and terpinolene. 

The International Standard, ISO 4730 (ISO, 1996), mandates a minimum concentration of 

30% for terpinen-4-ol and a maximum concentration of 1,8-cineole of 15% in the oil. 

This latter material is also one of the arthropod active ingredients in peppermint and 

rosemary essential oils (Veal, 1996). There have been several problems reported with the 

use of tea tree oil. The most common problematic response is contact dermatitis, with 

more than 30 human cases reported in the scientific literature in the 1990s (Hausen et al, 

1999). This can be caused by fresh oil, but is enhanced by the formation of degradation 

products that develop with photodegradation  in either open or closed containers (Hausen 

et al, 1999). These degradation product includes peroxides, epoxides and endoperoxides 

such as ascaridol. Melaleuca oil toxicosis in dogs and cats has been associated with 

depression, weakness, muscle tremours, and lack of co-ordination (Villar et al, 1994). 

 

Another bioactive compound d-limonene is a constituent of a number of essential oils 

like orange, lemon, mandarian and grapefruit (EPA, 1993). This compound is listed in 

US EPAôs GRAS list. As a pesticide this compound can be found in flea dips for dogs 

and cats and pesticides used for indoor pest control. But d-limonene has been reported to 

cause dermatitis (Nilsson et al, 1999).  

 

It is hoped that repellent compounds may be applied at levels lower than those 

compounds that are acutely toxic thereby lowering the pesticide load on urban 

environment, but this hope is purely conjectural at this point. 

 

Essential oils are completely safe substances when properly use within certain guidelines. 

However, many of the oils are potentially harmful (Table-2).  
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Fig. 2. Some of the harmful essential oils 

 

Causes Skin Irritation 
(even in low dilutions) 

Highly risky in 

pregnancy 

Poisonous Phototoxic 
(causes sunburn 

if applied to skin 

exposed to 

sunlight) 

Ajowan, Pimento leaf 

and berry, Anise seed, 

Lemon balm, Basil (in 

some individuals), Bay 

leaf, Borneol camphor, 

Cassia, Chervil, 

Cinnamon leaf and bark, 

Clove, Inula, Fennel, 

Lemon, Lemongrass, 

Peppermint (in high 

dilution), Mustard, 

Oregano, Pine, Thyme 

Basil, Bay leaf, 

Cedarwood (all), 

Celery seed, 

Citronella, Cumin, 

Fennel, Hyssop, 

Juniper, Labdanum, 

Marjoram, 

Mugwort, Myrrh, 

Oregano, 

Pennyroyal, 

Rosemary, Clary 

Sage, Sassafras, 

Thuja, Thyme 

Bitter Almond (contains 

cyanide), Arnica 

(tincture or ointments 

with arnica are fine), 

Sweet birch, Boldo leaf, 

Calamus, Brown and 

Yellow camphor, 

Chervil, Deertongue, 

Nutmeg, Pennyroyal, 

Rue, Sage, Santolina, 

Sassafras, Tansy, Thuja, 

Tonka, Wintergreen, 

Wormseed, Wormwood 

Angelica root, 

Bergamot, 

Lemon, Lime, 

Mandarin, 

Orange 

    

Further, essential oil of Artemisia absinthium contains active ingredient thujone which is 

potent neurotoxin impacting the gamma-amino butyric acid system (Hold et al, 2000). 

Similarly, essential oil of Mentha pulegium contains an active ingredient pulegone. This 

oil is widely used as insect control agent. Pulegone, upon ingestion is oxidized by 

cytochrome P-450 system into toxic metabolites including methofuran (Nelson et al, 

1992). These metabolites bind to proteins (Thomassen et al, 1992) causing loss of organ 

function, seizures, acute poisoning and death (Burkhard et al, 1999). Therefore, such uses 

are not advisable. 

 

Natural products are not always safer than synthetic pesticides. Just because a plant has 

been used for centuries does not mean it is safe or even desirable (Hinkle, 1995). 

 

SUSTAINABILITY  

 

Since there is a large group of beneficiaries for the scientifically proven herbal pesticides 

to be used under household conditions, it is supposed that there will be continuous and 

bulk requirement of raw materials. To supply such large quantity of the herbs, large scale 

cultivation would be required, which in turn will generate good business opportunities 

and human resource development.  
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CONCLUSION  
 

Most promising potential for exploitation of these molecules as pest management agents 

lies in the synthesis of derivatives and analogues through simple synthetic procedures and 

environment friendly as well as remunerative approaches (Kumbhar et al, 2000). Such 

systematic derivatisation of natural monoterpenoids based on structure-activity 

relationships warrants evaluation both as sources and a model for new commercial pest 

management agents having natural base. Advantages of using monoterpenoids as lead 

compounds for new pest management agents is their bulk availability in plants (Kumbhar 

and Dewang, 2001). They are lipophilic compounds and interfere with basic metabolic, 

biochemical, physiological and behavioural functions of insects (Kumbhar and Dewang, 

2001). 
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Abstract 

 

Most of the industrial complexes are located in areas with moderate to high risk of malaria. Malaria 

control in industrial areas is problematic not only because of poor conduct of antimalaria operation but 

also due to imported malaria by migratory population contact infection in endemic areas and brings it into 

industrial areas. Development of insecticide resistance in vector population, harmful effects on beneficial 

fauna and concern about possible environmental pollution have created serious impediments in the fight 

against malaria using residual insecticides. A bio-environmental control of malaria strategy was 

demonstrated for successful malaria control in some major industries viz, BHEL Hardwar, IDPL 

Rishikesh, IOC Mathura, NTPC Rihandnagar and NTPC Shaktinagar. The strategy was aimed to utilize the 

existing infrastructure of the industries by involving the civil maintenance, water supply and sewage, 

medical and publicity departments as well as other government organization and local community in vector 

control programme. The bio-environmental control of malaria strategy was found feasible, appropriate, 

sustainable in long run and made economic sense. Moreover a major reduction was also resulted in 

insecticide pollution as a result of shifting to the bio-environmental control strategy for malaria control. 

 

Key words : mosquito, anti-malaria, environment, industries, pesticides, buildings 

 

INTRODUCTION  

 

India is emerging as a major industrial force in the world thus making her self-reliant and 

bringing about economic betterment. Most of the industrial complexes are located in 

areas with moderate to high risk of malaria and the approach to control malaria consist of 

application of larvicides using abate, fenthion or oil as larvicides, thermal fogging with 

malathion, residual spraying with DDT, HCH or malathion as insecticides supported by 

passive case detection and treatment (Dua et al 1988). 

 

Development of insecticide resistance in vector population, harmful effects on beneficial 

fauna and concern about possible environmental population have created serious 

impediments in the fight against malaria using residual insecticides. An alternative 
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approach is to control malaria vectors by bio-environmental modification and 

management (Sharma 1987). 

 

Industrial areas are malarious because of locations governed by  

 

I. The availability of raw materials 

II . Incentive for backward areas  

III . Tendency to save on the cost of land 

IV . Water based industries  

V. Construction of projects without incorporation of health safeguards  

VI. Migratory population contacts infection in endemic areas brings it into 

industrial areas  

VII . Emphasis on curative rather than preventive measures  

VIII . Poor conduct of antimalarial operations  

 

Control of malaria in the industrial areas is carried out by the National Malaria radication 

Programme (NMEP). Recently some industries are giving contract to private pest control 

agencies to control mosquitoes and flies. 

STUDY AREAS 

 

Bharat Heavy Electricals Limited (BHEL), Hardwar  

BHEL Hardwar is spread over an area of 25 km
2
 (Figure 1) and is situated south west of 

Hardwar between 78̄-9ô and 78-̄22ô east / longitude and 29̄-57ô and 30-̄18ô  north 

latitude. The average rainfall is 1200 mm and minimum and maximum temperatures are 5 

and 42
0
C with average relative humidity from 50 to 95%. Main industry and ancillary 

units are located in the BHEL campus with other 7 planned and 7 unauthorized low 

income group colonies are located in the residential areas. The population of the township 

is about 70,000 with excellent medical facilities which includes a 180-bed hospital and 6 

sector dispensaries in township-cum-residential areas (Table 1). 
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Figure  1 

Map depicting BHEL area with six sectors (Sect. 1-VI), labour colonies, LCI-V and GM 

colony), CISF complex and Industrial area and Shivaliknagar with covering an area of 25 

km
2
  

 

Table 1 : BHEL : General Information  

1 

Industrial products  Heavy electrical equipments such 

as  turbines and foundry forge 

equipments 

2 Area  25 Sq.km. 

3 Population 70000 

4 Houses 12000 in 6 sectors 

5 

Meteorological data 

a)  Min. and Max. Temperature ranges  

b) Average annual rainfall  

c) Relative humidity 

 

5
o
 C to 42

o
 C 

1200 mm 

70% to 90% 

6 

Medical facilities  

a) Hospital  

b) Sector dispensaries 

 

180 bed 

6 
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Past malaria history  

 

Malaria cases registered annually at BHEL hospital from 1983 to 1985 were 1129, 1623 

and 3049 respectively. P. falciparum cases also increased from 118 to 429. Mosquito 

control measures like the use of larvicides, malathion fogging and spraying of hutments 

with DDT were used to control malaria, but these measures had very little impact and 

malaria cases showed an increasing trend. The Bio-environmental strategy was launched 

in July 1986 by Malaria Research Centre. Before stating the intervention measures all 

potential breeding habitats were mapped and situation specific intervention measures 

were implemented. 

 

 

Past Malaria History 

Year Total +ve API  

1983 1129 25.10 

1984 1623 36.06 

1985 3049 67.75 

 

 

Mosquito Breeding Potential 
 

The common permanent breeding sites (Table 2) in the industrial townships are: sluice 

valve chambers, under ground tanks, overhead tanks, ornamental tanks, septic tanks 

(abandoned, open and blocked drains, storm water drains, culverts, fire hydrants, open 

man holes, used welIs, abandoned wells, pit-wells, ponds, oxidation ponds, artificial lake, 

coolers and factory scrap-like tyres, moulded irons and irons containers. Besides these 

permanent breeding sites, large number of borrow pits, low lying areas and hop prints are 

also contributing for the proliferation of mosquitoes in industrial areas. 
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Table 2 : Mosquito Breeding Sources 

Type of habitats Nos. 

 

Permanent  Sources  

1. Overhead tanks                                                             3042 

2. Underground tanks                                                           70 

3. Sluice value chambers                                                    200 

4. Ornamental tanks                                                              15 

5. drains                                                                              300 

6. Wells                                                                                  2 

7. River/rivulets                                                                     1  

8. Effluent ponds                                                                   2 

 

Temporary sources  

1. Pits 

2. Hoof/type prints 

3. Tyres 

4. Rain water collection 

5. Waste water on streets 

6. Inter-domestic containers 

7. Industrial scrap 

8. Air coolers 

 

Faunistic records  

 

Sixteen mosquito species from the genera Anopheles and Culex were recorded between 

January 1987 and December 1995. The percentage prevalence of major species from 

BHEL area are given in Table 3. Of the  total of 46,389 mosquitoes collected, 38.34% 

were Anophelines and 61.65% were Culex quinquefasciatus. An subpitus was most 

abundant followed by An. culicifacies, An. stephensi, An. fluviatilis and An. splendidus 

among Anopheles species. The other anophelines were An. vagus, An. maculatus, An. 

aconitus, An. nigerrimus,  An. barbirostris, An. tessellatus, An. pulcharrimus, An. gigas 

and An. lindesayi. In addition albopictus species were also found particularly inside 

factory areas. 
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Table 3 : Faunistic Record BHEL 

Species No. % Prevalence 

An. culicifacies 3975 8.56 

An.fluviatilis 231 0.49 

An.stephensi 264 0.56 

An. annularis 744 1.60 

An.subpictus 12048 25.97 

An.splendidus 407 0.87 

Other species 117 0.25 

Total Anophelines 17786 38.34 

Culex quinquefasciatus 28603 61.65 

 
The main breeding habitats on the complex were: drains, storm water drains, lake 
(artificial), outside tanks, overhead tanks, sluice value chambers, ornamental tanks, big 
water reservoir, wells and pit-wells (Table 4).  In addition, a breeding positivity of 
permanent sources were also surveyed from 1987-1994 to reveal the impact of 
intervention in the area (Table 5). The larval emergence of different habitats showed that  
An. culicifacies was the major vector species. The insecticide susceptibility tests showed 
that An. culicifacies was sensitive to malathion, deltamethrin and fenithrothion while it 
was found 44% resistant to DDT. 

 

Table 4 :  Results Of Mosquito Breeding Surveys Inside Factory Area 

Sl 
No. 

Habitat  Nos. 
Surveye
d 

Total ve+ 
for 
Immature  

            Positive For  
 
An.    Culex     Aedes    Mixed 

Spies 
Recorded 

1 
Iron 
Containers 
and scrap 

3298 1384 9 276 312 786 
An. 
culicifacies 
 

2 Old tires 688 380 - 2 148 230 An. 
stephensi  

3 Iron tanks 28 28 26 - 9 17 -  An. 
subpictus  

4 Undergro-
und Tanks 151 58 14 11 21 12 Ae. aegypti 

5 Fire 
Hydrants 24 12 3 - - 9 Ae. 

albopictous 

6 Cooling 
towers 24 6 2 3 1 - 

Cx. 
quinquefas-
ciatus 

7 Drains 125 54 11 25 - 18 Armigeres 
Sp. 

8 Miscellaneo
us 38 17 3 7 2 5  

     Total 4276 1937 
(44.3%) 

42 
(2.2%) 

333 
(17.2%) 

501 
(25.9%) 

1061 
(54.7%)  
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Source reduction 

  

Source reduction as an intervention strategy were carried out at BHEL area from July 

1986 to December 1995.  Fly ash (42,000 m
3 
fly ash) was found to be most suitable to fill 

burrow pits, ditches, and other low lying areas with a bulldozer and a tractor.  All were 

periodically cleaned and uncemented drains were regularly channelized. Underground 

tanks, sluice valve chambers and sewage manholes were treated with EPS beads which 

lasts for 2-3 yrs requires periodic checking to ensure effective control of mosquito 

breeding (Dua et al 1989). Use of larvicide fishes e.g., Poecilia reticulata  and Gambusia 

affinis was found to be effective for controlling mosquito breeding (Dua et al 1994). In 

areas where mechanical methods were not feasible, bactoculicide and spherix were 

effectively controlled mosquito breeding in iron scraps etc (Dua et al 1993).  

 

 

Table 5 : BHEL  Breeding Positivity of permanant sources 

Total Sources Surveyed : 30,000 

Year Total +ve % Positivity  

1987 2046 6.82 

1988 2721 9.07 

1989 2135 7.10 

1990 1094 3.64 

1991 828 2.76 

1992 647 2.15 

1993 602 2.00 

1994 620 2.06 
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Table 6 : Intervention strategy adopted at BHEL Complex 

Problems Methodology 

Large ditches/ borrow pits/low lying areas 

 

 

Water stagnation around community taps   

 

 

Domestic waste water    

 

Water stagnation  in earth drains   

 

 

Uncovered overhead tanks                              

 

Small underground tanks/sluice valve 

 

 

Blocked open small drains                 

 

Storm water drains and large underground   

 

 

Domestic containers                                     

 

Fever cases                                                                                               

Filling with coal-fired power station fly ash  

 

 

Construction of cemented stand pipes and      

proper drainage of waste water 

 

Construction of soakage pits  

 

Construction of cemented drains with  

adequate  gradient to ensure water flow 

 

Mosquito proofing with proper covers 

 

Application of expanded polystyrene to                                                                                                                                                                                                    

chambers and choked manholes 

 

Desilting and canalization 

 

Introduction of larvivorous fish  

Poecilia and Gambusia 

 

Emptying at weekly intervals 

 

Early case detection & administration of  

radical treatment within 24 hours 

 

 

BHEL  Vector density 

 

The impact of intervention was measured in terms of total anopheline, total vector 

density (Figure 2) and malaria incidence. It may be noted that the vector density of total 

An. culcifacies, An. fluviatilis and An. stephensi was much lower in the intervention area 

than the control area (Figure 3). In particular, year-wise vector densities in experimental 

and control villages were subjected to t-test and it is found that the difference in vector 

densities in experimental and control villages was statistically significantly. 
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Figure 3: A comparison of vector density (total of  An. culcifacies, An. fluviatilis and An. 

stephensi) in riverine and non-riverine areas at BHEL Hardwar from 1988-1994. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2 : Collection of [Upper Panel] total anopheline and [Lower Panel] total vectors  

                 presented as mean quarterly man-hour numbers in experimental and control  

                 areas from 1987-1997 respectively 
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Source reduction and development work was carried out at BHEL site from July, 1986 to 

December, 2002 . Table illustrates the malaria incidence at BHEL Hardwar site since 

1986 .  

 

BHEL Epidemiological Data 

 

Similarly there was a drastic reduction in malaria cases from 1986 (base year) to 2002 

(Table 7).  The indigenous P. falciparum cases from the township were totally eliminated 

and the P. falciparum cases that occurred were considered to be imported (Table 8). 

Microscopically confirmed positive malaria cases were also treated radically with 

antimalarials as per NAMP drug policy.  

 

Table 7 : Parasitolgical data 

Year BS +ve Pv Pf SPR 

1986 17655 2733 2526 207 15.48 

1987 14767 593 569 24 4.02 

1988 13669 433 379 54 3.17 

1989 8516 425 414 11 4.99 

1990 8757 482 469 13 5.5 

1991 7153 337 327 10 4.71 

1992 5430 121 118 3 2.23 

1993 3341 93 86 7 2.78 

1994 3404 95 86 9 2.79 

1995 2573 107 102 5 4.16 

1996 5796 252 236 16 4.35 

1997 4963 266 259 7 5.36 

1998 4186 85 82 3 2.03 

1999 3545 100 85 15 2.82 

2000 2538 45 39 6 1.77 

2001 1457 8 8 0 0.54 

2002 1244 7 6 1 0.56 

Abbreviations used in Table: Pv  =  P. vivex ,            Pf =  P. falciparum 
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Table 8 : Follow up of malaria cases (Jan. 1988 To Dec. 1997) 

Total +ve 

BHEL Cases 

 

Total +ve                     Imported  

Hardwar& Jwalapur  

2694 
1826                                 386 

(67.78%)                       (14.32%) 

868 

(32.21%) 

 

A study was also carried out to compare the residual levels of DDT and HCH in human 

milk in persons residing in BHEL Hardwar and in adjoining Bahadrabad area where DDT 

and HCH were used for malaria control. Results showed mean HCH and DDT residues in 

human milk in BHEL area were 0.027 and 0.021 mg kg
-1

 while from Bahadrabad were 

0.089 and 0.149 mg kg
-1

 respectively (Figure 4).  This clearly suggests a major reduction 

in insecticide pollution as a result of shifting to the bioenvironmental control strategy for 

malaria control. 

 

It has been reported earlier that a awesome contamination of human breast milk with 

DDT and HCH in countries around the world has been occurred  while in India its 

pollution level has been ranked 2
nd

 after China out of 10 countries determined in terms of 

insecticide pollution measured in milk fat in mg kg
-1

 (Figure 5).  
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Figure : 4 

 
 

On the basis of progress achieved in BHEL Hardwar, certain extension of the 

bioenvironmental control strategy was made in other four profit making industries 

namely Indian Drugs and  Pharmaceutical Ltd.(IDPL), Rishikesh, Indian Oil Corporation 

(IOC), Mathura,  and National  Thermal Power Corporation (NTPC), Rihand Nagar and 

Shakti Nagar. 

 

IDPL, Rishikesh 

 

The IDPL Complex is 15 sq, km area with about 25,000 population. The intervention 

strategy was similar as implemented in BHEL Hardwar (Dua et al; 1991). Comparison of 

malaria cases between 1987 (Base year) and 2001 and their impacts on intervention were 

recorded on the basis of the reduction of malaria cases (Table 9) and antimalarial drug 

distribution in clinically suspected cases (Table 10). 

 

IOC, Mathura  

 

The IOC, Mathura  complex is one of the five refineries of Indian Oil Corporation Ltd.  

in India with a 25-bed hospital managed by qualified doctors along with the presence of 

all the health facilities. Similarly, parasitological data revealed a total impact of  the 

implementation  of  the bioenvironmental control strategy from 1992-2002  (Table 11). 
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*
MRC Hardwar has signed an MOU with NTPC Rihandnagar and Shaktinagar on 

the basis of which following works were done. 

 

NTPC Rihandnagar and Shaktinagar 

 

NTPC Rihandnagar and Shaktinagar areas  possess  a population  each of 10,000 and 

15,000 respectively also demonstrated significant achievement in the control of malaria 

incidences as shown in the Tables (Tables 12 & 13).  

 

The main breeding habitats on the complex were: drains, storm water drains, lake 

(artificial), outside tanks, overhead tanks, sluice value chambers, ornamental tanks, big 

water reservoir, wells and pit-wells. The larval emergence of different habitats showed 

that  An. culicifacies was the major vector species. The insecticide susceptibility tests 

showed that An. culicifacies was sensitive to malathion, deltamethrin and fenithrothion 

while it was found 44% resistant to DDT. 

 

Due to effective intervention measures, the malaria incidence at NTPC declined sharply. 

The malaria cases recorded in 1994, 1995 and 1996 were 847, 590 and 409 respectively. 

The decline in falciparum cases was also pronounced. 

 

Table 9 : IDPL Comparison of Malaria Cases 

 

 

Year Total +ve Pf Pv 

1987 133 4 128 

1988 133 4 128 

1089 99 2 97 

1990 164 2 162 

1991 124 2 122 

1992 57 - 57 

1993 56 - 56 

1994 27 1 26 

1995 41 1 30 

1996 55 1 54 

1997 44 1 43 

1998 28 1 27 

1999 17 - 17 

2000 8 - 8 

2001 9 - 9 
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Table 10 : IDPL Distribution of antimalarial drugs on symptomatic clinical 

diagnosis 

 

Antimalarial 

Drug 

1985-86 1986-87 1987-88 1988-89 1989-

90 

% Reduction in 
89-90 as 

compared to   

85-86 

Chloroquine 42300 44000 7100 1100 1300 97 

Primaquine 11700 6300 3000 1000 984 92 

Metakelfin 6040 8000 4500 2100 307 95 

Chloroquine 

injection (30 ml) 

100 88 41 - - 100 

 

Source : CMO, IDPL Hospital 

 

Table 11:  Parasitological data  IOC Mathura 

 

Year BS Exam. Total +ve P. vivax P. falciparum SPR 

1992 6786 1368 1055 313 20.15 

1993 6539 1019 892 127 15.58 

1994 4607 421 387 34 9.13 

1995 3707 432 364 68 10.50 

1996 6548 1388 865 523 21.19 

1997 4779 1004 942 62 21.00 

1998 2753 320 269 51 11.62 

1999 2618 313 259 54 11.95 

2000 1791 163 150 13 9.10 

2001 1189 62 59 3 5.50 

2002 1186 28 25 3 2.40 

 

Table 12: Malaria cases recorded at NTPC Rihandnagar 
 

Year Malaria Cases 

1997 1047 

1998 1075 

1999
*
 582 

2000 485 

2001 419 

2002 319 
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Table 13 : Malaria cases recorded at NTPC Shaktinagar 

 

Year Blood 

Smears 

examined 

Pv Pf Mixed 

(Pv + Pf) 

Total SPR 

1994
*
 7,628 358 470 19 847 11.10 

1995 4,856 345 161 - 506 10.42 

1996 6,257 280 129 - 409 6.53 

 

DISCUSSION 

 

The strategy of residual spraying of insecticides is beset with many problems such as 

insecticide resistance, environmental pollution and high refusal rates to spraying. In order 

to tackle malaria problem on long term basis the Bioenvironmental control of malaria 

strategy was found feasible, appropriate and cost effective (Sharma and Sharma, 1986). 

Our studies carried out in four industrial complexes and the surveys of malariogenic 

potential of Heavy Engineering Corporation, Ranchi, Visakhapatnam Steel Plant, 

Visakhapatnam and Ordnance Factory Tundla (Anon, 1993) clearly suggested that 

malaria control in industrial compIexes was more practically feasible because all 

industries have well established infrastructures. Civil maintenance, water supply and 

sewage department may play major role in source deduction work and avoid creation of 

mosquito-breeding sources through preventive maintenance. They should also look on 

the proper water managements in labour colonies which happened to be the targeted 

population. The staff engaged in antimaliaria work may be trained to establish hatcheries 

of larvivorous fish Poceilia reticulate and Gambusia affinis (Dua et al 1994a) in water 

reservoirs oxidation ponds and factory effluent ponds and drains application of EPS 

beads (Dua et al 1989) and use of biolarvicides e.g., bactoculicides ans spherrix (Dua et 

al 1993a) in different breeding habitats. Publicity department should be involved in 

providing ground support for creating health awareness among the communities 

intersectorial coordination (Dua et al 1994b)  thus intra-domestic breeding sources can be 

minimized. Medical department have the prime  responsibility for early case detection 

and proper treatment of all positive cases. A follow up of all positive case is always 

needed to remove any resistance foci (Dua et al 1993b & 1996a). Recently a nine-year 

study (1987-95) on Bio-environmental control of malaria at BHEL Hardwar revealed that 

the malaria control through Bio-environmental strategy in industrial complexes is 

sustainable in long run and made economic sense (Due et al. 1997). Moreover a major 

reduction in environmental impact was also resulted in insecticide pollution (Dua et al 

1996b) as a result of shifting to the Bio-environmental control strategy for malaria 

control (Due et al., 1997). It may be noted that Pattanayak and coworkers (1994) have 

recommended that selective application should be the guiding force in the development 
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of a rational Vector Control strategy, which included use of engineering methods, 

biological control, legislative measures and minimum use of insecticides. 
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Abstract 

 
Being hidden, termite infestation often escapes undetected in buildings until the mischief has been done. 

Once the termites have ingress in to the building, they keep on multiplying. In the advanced stages a beam, 

a lintel, or a doorframe is eaten hollow, leaving only a thin but outwardly unaffected covering. However, 

the termite control operator must be thoroughly familiar with the characteristics of various species of 

termites, which are common in the area of the building. It is essential to ascertain whether the pest is 

subterranean termite, or non ï subterranean termite. He should also note the presence of other wood-

destroying pests including powder-post beetles, woodborers, carpenter ants, and fungi. 

 

Every effort should be made in the construction of foundation, so as to avoid voids. The earth and sand 

filling around the foundations and in the sub-base should be fully rammed, so as to prevent any subsidence 

in the soil. Where joint-less sub-base is not possible, precautions may be taken to prevent crack formation 

and the joints sealed. 

 

Checking of termite entry in buildings in termite-infested areas is essential to avoid damage to the wooden 

components and other belongings of the dwellers. The architects, engineers, builders, contractors and 

others concerned with construction industry should follow the procedure as laid down here that is easy to 

adopt on the part of ordinary masons and other workers. The provision of infrastructure devices is cost 

effective when compared with the long term benefits accrued. The constructional measures are essentially 

mechanical in nature, which should be provided together to achieve effective results. 

 

The present paper is an attempt to provide details of current practices in controlling termites in design, 

pre-construction and post construction of buildings. 

 
INTRODUCTION  

 

The apparently timid termites become very much powerful to cause widespread damage 

to buildings, once they get entry into it. In course of their desperate search for basic 

nutrients, the termites, popularly known as white ants eat away the cellulose contents of 

the wood thereby damaging the wooden articles / structures in houses and buildings. On 

the basis of their habitat, termites are divided into two types mainly as subterranean or 

ground nesting termites and by non-subterranean or wood nesting termites having no 

contact with soil. The subterranean termites are most destructive and are mainly 

responsible for the damage caused in buildings. The damage caused to furniture, 
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Figure-1, DAMAGE TO UNDERGROUND 

MINE TIMBER BY TERMITE ACTION  

Figure-2, DAMAGE IN HEART 

WOOD BY TERMITE ACTION   

furnishing, clothing, stationery, rubber, plastic and leather-materials and even the lead 

coating of underground cables sometimes become so severe that the owners become quite 

bewildered to see the great loss caused by the small termites without any prior notice. 

Prevention of termite entry in buildings is therefore, better than making occasional 

attempts to kill them by the application of different chemicals which always may not be 

friendly to the applicants. Because of the un-abetted actions of the white ants, the 

cleanliness of the compound is severely affected and pollution increases with the result of 

gradual degradation of the environment. Therefore, to avoid the menace and to keep pace 

with the increased constructional activities free from termite hazards even in the low cost 

houses, it is necessary to resort to some appropriate anti-termite structural measures. 

There are some materials that are eaten or damaged by termites and they are: (i) Sound or 

dead wood (structural timbers, furniture and transmission poles, etc.); (ii) Living wood 

such as trees and shrubs; (iii) Paper and books; (iv) Clothes;       (v) Fungi, which is either 

grown outside or inside the nest; (vi) Crop plants; (vii) Soil, which contains organic 

matter-humus; (viii) Stored grain and other human food; (ix) Plant roots which invade the 

nest; (x) Animal dung containing plant remnants; (xi) Inorganic and other non-vegetable 

materials, such as cement and mortar used in buildings and underground insulating 

materials etc.  
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Termites are considered non-friendly to buildings. About 2000 species of termites are 

known throughout the world and about 260 species are found in India but the following 

are the main species, which attack the buildings, particularly houses: 

i)  Heterotermes Indicola;  

ii )  Heterotermes Malabaricus;  

iii )  Coptotermes Ceylonicus;  

iv)  Cryptotermes Domesticus; 

v)  Coptotermes  Heimi, and  

vi)  Odonototermes Feal. 

 

Not all termites attack timber used in buildings. The damage caused by termites is not 

only limited to attack upon timber, but also on wall board, wall paper, cement, mortar or 

other materials made of cellulose. Only about 4% of the total species of termites cause 

damage to buildings. Another 4% species damage timber. Termites may not be able to 

digest carpet of synthetic fibre but may cut its backing or fibers in search of their food. 

Flooring, paneling, window, and doorframes may be sought out by termites in buildings, 

which appear to be built entirely by steel, concrete, and masonry. Almost over night, 

they can destroy a piece of cloth or a book lay on the ground. It is interesting to note that 

in Nagaland, the wooden frames of doors in some buildings were eaten away to the point 

where the doors were no longer supportive. Therefore, almost every material, be it a 

product of agriculture, timber, or flooring is within its reach. However, with proper 

treatments, termites can be controlled and damages can be minimized.  

 

Extensive research has been done in CBRI to develop eco-friendly termite management 

methods and studies have been undertaken in the following directions:  

 

i) Safer Pesticides; 

ii ) Termite-Repellent Methodologies; 

iii ) Physical Barriers around Buildings  

iv) Biological Control Methods.  

 

It has been reported that sand of particle size ranging from 1.18 to 2.80 mm size are 

effective to prevent penetration by termite species. It has also been found that Formosan 

subterranean termites could not penetrate basaltic sandblast sand with practical size 

between 1.7 mm to 2.8 mm. Chlorpyrifos belongs to organo-phosphorus compounds, 

which are known to be least persistent because they are more water-soluble and have a 

higher vapour pressure. Chlorpyrifos therefore, remains in the soil for only a few months 

at the most to give only a limited control against termite in tropical/subtropical 

conditions. Chlorpyrifos may, therefore, not be a suitable substitute on the basis of its 
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Figure-3, TERMITE INFESTATION FROM 

AN EXTRAMURAL NEST  

Figure-4, TERMITE INFESTATION 

THROUGH FOUNDATION WALLS   

limited persistence and high cost. Lindane has sufficient persistence needed for a 

termiticide and an ideal for termite control in building under Indian conditions because it 

does not belong to the cyclodience group and have low cost. 

 

 

 

 

 

 

 

 

 

 

The present paper is an attempt to provide details of current practices in controlling 

termites in design, pre-construction and post construction of buildings. 

 

RECOGNITION OF TERMITE ACTIVITY  

 

Being hidden, termite infestation often escapes undetected in buildings until the mischief 

has been done. Once the termites have ingress in to the building, they keep on 

multiplying. In the advanced stages a beam, a lintel, or a doorframe is eaten hollow, 

leaving only a thin but outwardly unaffected covering. However, the termite control 

operator must be thoroughly familiar with the characteristics of various species of 

termites, which are common in the area of the building. It is essential to ascertain whether 

the pest is subterranean termite, or non ï subterranean termite. He should also note the 

presence of other wood-destroying pests including powder-post beetles, woodborers, 

carpenter ants, and fungi. 

 

The presence of large number of wings inside a structure is almost certain evidence of the 

presence of an established colony. The termites in flight are attacked to bright objects and 

may shed their wings. Therefore, conspicuous accumulations of wings are found 

immediately adjacent to the building. An inspection for subterranean termites requires 

examination of all avenues by which termites may reach any wood part of the structure 

from soil beneath or adjacent to it. Coptotermes termites may be checked near wooden 

water tanks, condensation on cold water pipes or air clogged gutters or drains, leakage 

from showers, plumbing and faulty drains. Building on plain cement concrete foundation 

offer opportunities for subterranean termites to pass from soil to wooden. Doorjambs, 
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heating ducts, insulation around slabs and expansion joints offer termites easy passage 

from soil to building. They frequently gain access to structures from adjacent earth filled 

steps, porches, and terraces. Examination of all wood members and potential entry points 

near such structures needs to be carried out with great care. Tubes are the more frequently 

found evidence of infestation by subterranean termites. They are easily seen on concrete 

walls, wood, and metal. If termite activity is noticed in anyone location of building, it 

becomes necessary to make a thorough search in the entire building. In a multi-storeyed 

building, if infestation has occurred at the ground floor, all the upper floors must be 

subjected to thorough scrutiny. There are instances where termite activity was noticed in 

one of the upper floors with no visible signs of attack in the lower floors except the 

ground floor. This is explained by the fact that termites had travelled from floor to floor 

under cover through lift wells, electric wiring, utility pipes etc. Such coveted conduits 

should therefore, be examined carefully as they are ideal routes for termites. Other places, 

which should be examined, are woodwork, wooden panelling on staircases and walls, 

areas behind picture frames hung on walls, false ceilings. Special attention being paid to 

locating where dampness prevails such as bathrooms, toilets, and kitchen sinks. 

 

REMEDIAL MEASURES FOR TERMITE CONTROL IN BUILDINGS 

THROUGH DESIGN  

 

Bureau of Indian Standards has published Codes of Practice for controlling termites in 

buildings: 

 

(a) Code of Practice for Anti-termite Measures in Buildings IS: 6313 (part 1)-1981, 

(Reaffirmed 1995) Constructional Measures. 

(b) Code of Practice for Anti-termite Measures in Buildings IS: 6313 (part 2) 2001, 

Pre-constructional Chemical Treatment Measures. 

(c) Code of Practice for Anti-termite Measures in Buildings IS: 6313 (part 3) 2001, 

Treatment for Existing Buildings. 

 

Remedial measures, discussed below, are based on these above codes of practices. 

 

CONSTRUCTION MEASURES 

 

The presence of termites in an area where it is proposed to construct buildings may be 

recognized by either carrying out stake test at the site, or by depending upon the 

experience of the inhabitants of the area.  In  stake  test, a number of stakes 50 x 50 mm  

of timber species, which are susceptible to termites such s Chir, Kail, Mango etc., should 

be buried at least 150 mm in the ground, spaced at 1000 mm (1.0 m) center to center at 

the proposed construction site. After a period of 3--4 months, the stakes may be taken out  
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Figure-5, STAKE TEST, WITH 

PIECES OF TIMBER INSERTED 

INTO TREATED SOIL.  

and the infestation is observed. The presence of 

termites in the area will damage the stakes. The site 

shall then be graded, so that the drainage is maintained 

all round the buildings. Care shall be taken to see that 

all wooden debris, roots, leaves, stumps and other 

organic matters are not accumulated or buried near the 

foundation, or under the floor of the building. If the 

site is covered by soil rich in decaying matter, the top 

layer soil (about 50 to 100 mm) should be removed. 

Drainage around the building site should be ensured, 

so that water may not stagnate in the vicinity of the 

building. 

 

Foundation and sub-base of ground floor 

 

Every effort should be made in the construction of foundation, so as to avoid voids. The 

earth and sand filling around the foundations and in the sub-base should be fully rammed, 

so as to prevent any subsidence in the soil. Where joint-less sub-base is not possible, 

precautions may be taken to prevent crack formation and the joints sealed. If concreting 

of sub-base has to be resumed on a surface, which has hardened, such surfaces should be 

roughened, swept clean, thoroughly wetted and covered with a 15 mm layer of mortar 

composed of cement and sand. It should be in the same ratio as in the concrete mix.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-6, INTERMEDIATE WALL SHOWING PLINTH FOUNDATION, BACK FILL 

AND TREATMENT OF BOTTOM AND SIDES OF TRENCHES  


