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PREFACE

This Handbook is intended for use in training
courses, or in home-study kits, by individuals who
require certification as a pesticide applicator or dis-
penser. The Handbook may also be useful as a refer-
ence manual for pesticide applicators and others who
require basic information on pesticides or safe pesticide
use.

The Handbook has evolved from a booklet entitied
“Pesticide Handbook for Pesticide Dealers”, published
in 1966 by the (then) British Columbia Department of
Agriculture. It was revised in 1972 to include information
for pesticide applicators. In April, 1977, the Pesticide
Control Branch was transferred from the Ministry of Agri-
culture to the Ministry of Environment. Another Hand-
book edition was published by the Ministry of Environ-
ment in 1979, )

This 1987 edition was required to update many
sections of text. New standards for safe pesticide trans-
port, storage and disposal are included. Legislation reg-
ulating pesticide use is updated. More information is
provided on pesticide properties, pest control gbjectives
and integrated pest management. A new chapter is
included on equipment calibration. The reference lists of
pesticides have been revised to include new pesticides
and to identify or exclude pesticides no longer in use. A
chapter quiz is included at the end of most chapters to
help students determine whether they can answer basic
questions about the information covered.

The new Handbook edition is divided into five sec-
tions which are:

I Introduction to Pesticides; Their Classification
and Regulation
Il Human Safety Considerations
Il Pests, Pesticide Uses and Properties
IV Pesticide Application Techniques
V Protecting the Environment

}t is anticipated that most candidates for certifica-
tion will study all Chapters in Sections | and Il and those
Chapters or parts of Chapters in Sections Ill, IV and V
which pertain to their type of pest control work or pesti-
cide sales.

Sections | and Il provide core information on pesti-
cide properties and handling practices. These Sections
review the chemical and physical characteristics of pes-

ticides, government regulations regarding their use, rec-
ommended procedures for safe handling of pesticides
and first aid for pesticide poisoning.

In Section lll, each chapter covers a separate cate-
gory of pests and their control. Candidates for pesticide
applicator and dispenser certification should have a
basic knowledge of the pests encountered in their line of
work. These chapters provide background information
on life-cycles, habitat requirements and characteristics
used to identify major categories of pests. This text does
not, howsver, contain detailed information on the biology
or identification of specific pests. A number of publica-
tions with such information are listed in each chapter.

Also included in each chapter of Section Il are ref-
erence lists of pesticides used in British Columbia. The
lists contain summaries of each pesticide’s classifica-
tion, use, persistence and toxicity to humans, fish and
wildlife. These lists provide applicators with a prelimi-
nary source of information when selecting pesticides or
identifying pesticide hazards.

No recommendations are given in this Handbook
for the use of specific pesticides to control a particular
pest. Such information requires regular revision as new
products or better application techniques are developed

Applicators and dispensers should consult the most
recent pest control recommendations such as the
current Crop Production Guides of the B.C. Ministry of
Agriculture and Fisheries. As a final check, a product
label is the legal aurthority which describes the pestsfor
which a product can be used.

Section IV includes a chapter on application equip-
ment and a chapter on calibration methods and pesti-
cide dilution calculations. .

Section V describes potential undesirable effects of
pesticides on the environment. The toxicity of various
pesticides to bees, cultivated piants and fish and wildlife
are reviewed. Guidelines are presented on ways to pro-
tect the environment during various types of pesticide
applications.

Definitions of pest control terms are included in a
Glossary at the end of this text.

Pesticides must be used with caution and good
judgement. This Handbook is meant to provide read-
ers with a basic understanding of pesticides and
their proper use.



i e i D

ACKNOWLEDGEMENTS

Much of the format of this Handbook is derived from
contributors to former editions. A list of contributing authors to
the previous (1979) edition is given in Appendix I.

The Ministry of Environment would like to acknowledge
the following specialists from the Ministry of Agriculture and
Fisheries, who contributed to the revision of selected chapters.

M.F. Betts, Field Crop Specialist, Sidney.

C. Borno, Nematode Specialist, Cloverdale.

H.S. Gerber, Entomologist, Cloverdale.

R.C. Kilpatrick, Agricultural Engineer, Abbotsford.

H.A. Kluge, Pest Management Specialist, Victoria.

D. McCutcheon, Supervisor of Agriculture Program,
Victoria.

D.J. Ormrod, Plant Pathologist, Cloverdale.

M.A. Waring, Pesticide Specialist, Cloverdale.

W.C. Weber, Bird Control Specialist, Cloverdale.

The Ministry of Environment is grateful for the technical
advice provided by the following specialists who reviewed
manuscripts of chapter revisions.

R. Eaton, Industrial Hygiene Officer, Workers' Compensa-
tion Board, Vancouver.

M.D. Nassichuk, Chief, Water Quality Unit, Habitat Man-
agement Division, Fisheries and Oceans Canada, Van-
couver.

R.A. Ring, Professor of Entomology, University of Victoria.

S.C. Samis, Water Quality Unit, Habitat Management Divi-
sion, Fisheries and Oceans Canada, Vancouver.

R.S. Smith, Forintek Canada Ltd. Vancouver.

S. von Schuckmann, Pesticide Biologist, Ministry of Envi-
ronment, Victoria.

M. Wan, Blologist, Contaminants Control, Environment
Canada, Vancouver.

K.H, Wile, Program Officer, Contaminants Control, Envi-
ronment Canada, Vancouver.

G.A. Willis, Program Director, Poison information, St.
Paul's Hospital, Vancouver.

The Workers' Compensation Board manual entitied
“Standard Practices for Peaticide Applicators™ (1985) was
used extensively in revising chapters on safe handling of pesti-
cldes, protective clothing and safely equipment in this Hand-
book. The W.C.B. manual can be consuited for additional de-
tails about safety on the job site when using pesticides.

The assistance of H.A. Kluge, Ministry of Agriculture and
Fisheries in editing the final manuscript is gratefully
acknowledged.

B. Manfield is thanked for his contribution to the correc-
tions and additions incorporated in this 1988 revision.

333333333333 233333333332333333333333333333313)



3333 3D33IBIINIIINIIINNIAIFIIIIINIAIININIAIIINIIION

CONTENTS

Page
PREFACE ...ttt ittt eete e ettt eeasteasaeoesseesssssesasssstasennnsesasnssansanasannes . i
ACKNOWLEDGEMENTS ...ttt iit it eeieeenacaaneeeeaertasessnnssesesnans fveeeoaacens . v
TABLE OF CONTENTS ............ S RO Y
SECTION I: INTRODUCTION TO PESTICIDES:

THEIR CLASSIFICATION AND REGULATION

Chapter 1
INTRODUCTION ...t e e rnerae s aaean s 3
Chapter 2
PESTICIDES: WHAT ARE THEY?
PesStiCide NAMES ... oottt ttietatteientreectttesestsseatatatasassassannsssoatacsnns . 5
TYPES Of PeSHCIARS .....ceevieiiii it i ieei ittt eeteeaaeeeaeeaasaseasensassaseeesnnsennens . 5
Pesticide FOrMUIAHONS: <. cciiiiinnsmcimeiiiinnniss s sosmisusasmosassss s 5860 8uiin s s s oo domins s oomansinennsssiosss 7
POael LIS «covssss <« 5s snmmumin s 15 s hsssassssm ot S a5 SOssmas.s s Sa s s « 9
Active Ingredient Concentration ...........c.coieiiiiiiiiiiiioi e teeetariectaneereaeeeernneeennsaasnnn 14
(011711 LT 1T . . 15
Chapter 3
PESTICIDE LEGISLATION
Foderal LegISIaHON ... .o os samsmummmses sosssmmsssnsmsssasis § srsssmasios sasevviasses sossrusemasssasss o . 17
British ColUMDIA'S LeGISIAOM . ......o\veeeen e ettt eneae e eaeen e eneaeeneneneeneneneeneseneaneanans . 18
Chaplor QUIZ ..ccceecrrreetniiostiieienttestnruiiasnienstasterasetoessiosrsresresssssssrasasssssssnssssssossnns 31
SECTION lI: HUMAN SAFETY CONSIDERATIONS
Chapter 4
PESTICIDE TOXICITY AND HAZARD TO HUMANS
ROCUCHON womnsmomsis 5.5 o5 sosmmnmns & 6 »asmEmamns s S BEEHARALSNE & 55 KERESFREESIS § §HRPREHUFAS §SHEUCERREHEES 8§ SHEES » 33
HUmMan Pesticide EXPOSUIE ........cciiiieuetieeiiaaiiiieaitiiieetsiiennenesssssstoteossossannarrescasssnns . 33
Measuring ACULE TOXICIY .....coveiiineeieiiiiiietereiaeeieeriecosnteaantcresscatrrennssesssocsssasasanasse 35
Measurning ChioTiE TOMICHY cociici. oscmmain iesaesstmsassons i § ot nssmmssnis b s Fasnsosins b s Aasasbasods b oossmns s 36
Pesticide Label Hazard SYmbBOIS .........cccoiiiiiiiiiiiiitiiiireneiecrentonrencnesonsnsnssecasnenannasons . 37
Chapter QUIZ ......cneiiiiiieiiittieineeeneaeerattetesateaseosnsnecanscsnnnsessosansessnnsnansassssasonnnss 37
Chapter 5
SAFE HANDLING OF PESTICIDES
101 ({o o 11T T ¢ O R 39
TransSporting PeSHCIADS: . .cuvaiucisiinsininms sosss svmesiivsssiod 4o 3sinaiiiasis s sosvsodiss 5ibomeonssnsenonhssins s 39
SIOMNGPESIEIINE .. o svonssosmmns sinmmemsems £ oo FHER RS SRR SAEERE FSESANNGSS SR RTHAS 544 S SRS 5 40
Mixing and Loading Pesticides ............coeiiuiiiiiiiiiii ittt 42
P Vo701V 10T B o= (1o (=L PP 44
Disposing of Pesticides and CoNtaiNers ...........ccccceeereeeeiiiiiiaiaitoaatiaireaaiaeeeieeeeesannsnsecnennss 44
Personal CleaniiNess ........cueuieeireiireeiitieiiieneteenansetiitstetateostocesasnsnnssscsecananssssasase 45
POSHEIOD SPIIS cnussssimnssmsmns sosmmmmmnns s oos smassmensnss s s suaRsaRRENs HEFCESHFNS TR R SHE S SRS 45
[R=T1 e a1 (T S P 46
0,701 - 0 PP 47



Chapter 6 Page
PROTECTIVE GEAR AND CLOTHING
(11 (oo (1T {1 + AP 49
(g (01 0= 031173 0T 7 T 49
Eye and Face ProteCtion ...........oc.iiiiiiii ittt te e e e e e aareaeanaaaaaaanes 52
Respiratory Protection EQUIPMENE ........ooitniiii it et c e eeetanaereneaaaeas 52
Use and Cleaning of Respiratory DEeVICES ..........covviiiiiiiiiiiiiiiiiii it eracsanaeaes 53
Chapler QIIZ coocsosioaiinsanmnmes 66 umeamaninn ¢ 5 s o S0Rias § 5 68 SEEETES S § 85 SRR TG S 8 5§ LORUGRSS o 8 8 VRREHNES 5 5.0 54
Chapter 7
PESTICIDE POISONING AND FIRST AID
Early Recognition of Pesticide POISONING ......coonnmneiiii it eeeeeeeeeneieeeanaons 55
Typical Health Effects of Major Pesticide GroupS .......cccuomuiiiiiii i accraeeeceaaananes 56
First Aid Treatment for Pesticide POISONING ........cciieiiiiniiii i ea et eiaee e eeeaannns 57
First Aid Kit and Emergency SUPPHES - «c-cveeeciiiiitiiii ittt e ci e e e 59
ChONNESLOTASE TOSS 5vvvoves s s sssvimmonsd s34 oo abvatiuss & o5 SRARS 5 8 & 5 FISBEREERE ¥ § 55 350 Srmmdiiiine & 8 SEPHRIES § 3 6 wbisioivd 59
L0737 To (- 0T T S 60
SECTION lii: PESTS, PESTICIDE USE AND PROPERTIES
Chapter 8
INSECTS AND INSECTICIDES
10 ET= o1 2101 oo | PP 63
Insect Control and Insecticides ..........ccooiviiiiiiiiiiiiiiaiit. 58§ RS & § SR § 8 R § S 69
Reference List of Insecticides and Their Properties .........coiiiiiiiiiiiiiiiiiiiiiieeiiiieireneesesaenees 73
Chapler QUIZ ..ucsusmssss issessmmsnns s 5 s samstansmss  shasvansss o senmsesneas s 5 5 SUEmwasamins « s Sowams s s seusiss o o 95 80
Chapter 9
MITES AND MITICIDES .
MItE CharBCIBNSHES uoossvummimins sonsomsnmans s 5 sammssss s e Suvaass s 650 sawsrswimes § spRmsies ob ssmvasdes s oo 81
Mite Control and Miticides .................. et h et teneaeaeeteneeneneeateneetetesetenteneeatenneraaanes 81
Reference List of Miticides and Their Properties ...........ccooiiiiiiiiiiiiiiiiiiiiiiiiieeeieeennnnannnnns 83
(0T o T 1 P 85
Chapter 10
PLANT DISEASES AND FUNGICIDES
PlANE DIS@ASOS ... ueiivieeintiiiiiintieereeetanettetiutesetaneaareraaeaeraneeaasaranataaaateeenararaeiannaanntn 87
(D TLT=F T 07Ty ) [ PP PP 90
Reference List of Fungicides and Their Properties ........cocoiiiiiiiiiiiiiiiiieaiiiiiiiiiiieeeraeaeaanens 92
Chapter QUIZ ....coiiiniitiettttete et teaa et e teeseeeasaeatenaannnnneesnnsssesasaassasennnnnnnsnsne 96
Chapter 11
NEMATODES, NEMATICIDES AND SOIL FUMIGATION
Nematode CharacteniStics ........o.cineeiiniiniii ittt et caraeeearaenneseananaanns 97
Methods of Nemalode COMION -.....oux csamsmasmsnn o6 semusens s somsmssamess s s snemvesemamess s swessess s s s saenue s 98
Reference List of Soil Fumigants and Their Properties ..........coooiiiiiiiiiiiiiiiiiicii e reeeaeaanas 100
CaPIBHQIUIZ: ;. i:wommamanss o355 smmmmnes s semammmenes s & s SEEEREVES § SUSRESTES S § 5 8 SRANPIRNRANGS & 5 Asvas SENSEERws & 53 101
Chapter 12
WEEDS, HERBICIDES AND PLANT GROWTH REGULATORS
Weed Characteristios ..o oo iie et it ittt ee et ettt tteee e teeananeraeeaennnnnnnaanaeaaaes 103
Weed Control and Herbicide USe ........coiiiiiiiiiiiiiiiiii ittt iieaatieteeeeeeesaaaeannnes 105
Reference List of Herbicides and Their Properties ............iiiiii i cveeeaes 112
Growth BegUIAIONS «..:...csvinaiessonsumnsnss s snussmsmnss shsesssuss sosssseanossase ss savasnsons § segaasos s sos 120
Reference List of Growth Regulators and Their Properties ............cccoiiiiiiiiiiiiiiiiiiiiiiie e 121
CNAPIEr QUIZ ..oieiiiieiittieettate et e et e et eaeereaeaoesonasasseannnanseaanasesesstasasnsannanenennnn 122
vi



333333333 3333IIIIIIVIIIIIININIINIIIIIINIINTIGNON

vii

Chapter 13 Page
STRUCTURAL AND STORED PRODUCT FUMIGATION
10T oo [F o1 o o R . 123
Fumigant APPlICAION ......oiini ittt ettt et e e et ee e aaeaaaees 124
Reference List of Fumigants and Their Properties ..........ccceeeiiiiiiiioiiiiiiiiaiiaetiernanecenneearannes . 127
(0T = o 0 128
Chapter 14
‘WOOD DESTROYING INSECTS, FUNGI, AND THEIR CONTROL
The Insects and Fungi Responsible for Wood Deterioration ............cccooiiiviiiiiiiiiiiiiiiiiiiiiinnas. 129
Preventing Wood Deterioration .............coiiiemiiiiiiiiiiiiiiiiiiiiiiiiiiiiieceiii s ecnaae 131
Reference List of Wood Preservatives and Anti-Sapstain Chemicals ..............c.cooiiiiiiiiiiiinennna.. 135
CHaPler QUIZ oo covnmmsmmnsssis snsmmmmmsnass o 0 mRasaieses o5 85 SOUSEHRIe £ FRIRRANITH ¢ SEFEHVEE SoR ORRREERE4S § 5475 137
Chapter 15 .
BIRD CONTROL, AVICIDES AND BIRD REPELLENTS
Bird Control and S Regulation ...............oiuuiiiiiiiiiiiiiiiiiiiiiiiii ittt iiietetarsteessonsnonns 139
Methods Of Bird COMPOL wuwuniissiinmimmmmiis 556 osimemonissss sassnoovss s s 5 oRssnnss § shaiaias 85 sowouans i 555 sp e 140
Reference List of Avicides and Bird Repellents and Their Properties ..........ccoeveviieiiiciiiiinninniennnn 142
CRAPIEr QUIZ ...ttt eie e te et eee e e aaatstaneaannttaaaaannssonnaasaesiosananeinns 143
Chapter 16
RODENTS AND RODENTICIDES
ROGEBNEL PESIS ..o oimnaumsonnss snmsmmenssnine oo sbsissssmss sessesnsse s s s upeesnss ssssssss sravsvasssas sosmemios 145
Methods of Rodent CONtrol ..........ooieiiiiiiiiiiieiieiiiiiiietiiiinsietiettoononneencreanccssssnsaneeeneas 145
Reference List of Rodenticides, Rodent Repellents and Their Properties ...........cccivvieieiieiniiannn.. 148
Chapler QUIZ .ovoussqsmmmmmmnssos snmmmumnmns s s o ¢ onvamvas « & § Sossessseass s SoRoEys 3 > SHbEon b & § SOTTERE b0 § Suews o 149
Chapter 17
OTHER PESTS: WILDLIFE AND DOMESTIC ANIMALS, SLUGS AND SNAILS,
AQUATIC WEEDS, ALGAE AND FISH
Wildlife and Domestic AnImMal POSES ... ... .ccccismniis cxonsesmsnss siosssssssns s sensss vossssiesss sosnasna 151
Molluscs (SIugs and SNAIIS) .....ouvnnininiiniiiiiiiii e et e s 152
AquaticWeeds @and AlGae ..........coiiiiiniiiiiiii ittt it et it ettictnannneanraaann 154
Fish MERAGEMBIL ...cvumnnss sonmsmsnaens sapasessenssn ssssnssnsrsns s SOspmpmmans S Eessmas saesasas sus sesmmees & 155
SECTION IV: APPLICATION TECHNIQUES
Chapter 18
APPLICATION EQUIPMENT
TOIUCHON. ..« smnnommammnssvemmmmmes s s S SRS S SR SRS ¥ N SR TR 159
Hand-Operated SPrayers .........cc.ceeiuiiiiiiiiiteteietieneeeersnnceeesnaeeeraronasssssnssescssnnennns 159
MOIONZOH SPEBYOIE ...ovvcnuvvmmnnsmsnnns s sosmumesinss s SRBFEFEEETEA s SHBNATERS S SRFERETRE S RESOETURS b RS EHS S b0 160
Sprayer Parts and Spray QUIBUL ........ ..ottt it easetaeactoannaaraesasnneenanens 161
Care of Spray EQUIPIMENT ........iiiiiiiiii ittt riatt et etiateaeatsttesasasasnesncsstosanasasesenn 168
Aerosol Generators ant FOGEIS ........oviuiiiiiiieiiieiaietienteeeaeraesateaeasnnnsessnnnersesnnsens 169
WICK ADDUCBIONS »onnmumanon s s vvsumumnns s s sopmmusumsnns s shmepmaaens 65 S¥amasng s s § SRawasias § soausoness s s ovmanas i o 170
Equipment for the Application of Solid Pesticide Formulations ............c..coeiiiiiiiiiiiiiiiiiieieninnann.. 170
Soil Fumigation EQUIPMENt ..ottt iiirrieceeeeaeaaas S i 88 e rsvmie iy o b 171
Publications on Application EQUIPIMENt ... ... i iiiiiiiiiiiiiiiiiiiiiiierrereteeearrearenaannnnnareeeacennns 171
(017 Ta1 (-1 0 [T O PN 172



Chapter 19 Page

EQUIPMENT CALIBRATION AND CALCULATIONS FOR CORRECT
APPLICATION RATES

4T 1£070 13T 1101 1 TR 173
Equipment Adjustment and Calibration ............c.oouuiniiiii i e 173
Pesticide Use CalCUlations .........ccoveiiiuiniiiiiieieriertetteeeetnnnnaaeaeennanssesasssnsnssananaseceseans 181
LSO PUDNCAHONS «cussune ¢ s smummons o 55 bawmmmmnms s s § 5 S0amvssmmmaves s 65mmusuios s 5 » VRnnuts § § 5 s s amams i s » i 185
(00T (T 0 . 186
SECTION V: PROTECTING THE ENVIRONMENT
Chapter 20
BEE POISONING BY PESTICIDES
131 (o To (¥ o1 [ 1 N 193
Causes Of BEE POISONING ....ccvuuiiiieieiiotaiiataeie e tteraeeteosestassecesassanenssensassosasassasananeens 193
Bee POiSONING SYMPIOMS . ...ttt itieteie ittt teetasataaeaeeeeeaaanteeteassesiasssseonnnnneenes 193
Toxicity Of PestiCIdBS 0 BEES ....ccvuueieiieiiiiiiietetiiiiat i e aieteeeatettataeraraaaeasansrennseennaaen 193
General Considerations in Prevention of Be@ POISONING .......ccviiiiiiiiiiiiiiiiiiiiiiiiaieieeaeeareaaens 194
Beekeeper-Grower COoOPeration ..........cuiiiiiiiiiiiiie ittt erteeeeataarneeaeeeareasssasesnsnneaneenes 195
Recommendations to Reduce Bee POISONING .......ccioiiiiiitiiiiiieiiiiiiiiiaitieaiiieteerrannnnaesaaans 195
POISONING Of Wil BES ..ottt it e et e e e rteae e eeaaaneanaeaaneanaeas 197
Chapler QUIZ ccvvess cosssmmmmness s ansmmmnniens 5 5ms s u et assss 36 SEsssEeavs § Saeessaviss sasmaemsss ss s oo swpmaems 197
Chapter 21
TOXICITY OF PESTICIDES TO NON-TARGET PLANTS
INMTOAUCHON cicuiiiisiiimmimmmesess sunnesessiosassseveesssssisasnaessessbomvnasessssionioisssssssonmaniineii 199
INSBCHCIARS . eeeiirrnieeeeieeseereeesseseseeeeenansacessnnnmnsneassssessssessnsessenneeanssssnnssaseassnsncens 199
FURGIGIHEE ..o 556 5 55 5 sitbmannics § SARRTELS 55 SIARHSHES S04 § 5555k5 SHETIRRS & 55 SIERFN A & 5§ FHATLIS 5 555 550 R RGNS & m 199
12 (=111 o |- |- P 200
COBDIOICRIZ s vsnssnuismimnas o s smemedsns s 5w maiss s s SRR RS & S HEAENS.S 6 55 SRR ok 0 ARSI 305 201
Chapter 22
THE EFFECTS OF PESTICIDES ON WILDLIFE AND FISH
a1 {geTs [V Tw1 ([ N 203
Toxicity of Pesticides to Wildlife and Fish ...........cooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiicii e 203
Toxicity of Different Classes of Pesticides to Wildlifeand Fish ..o 206
Recorded Wildlife and Fish Kills in British COlUMDIA ........ocomiviriiiiiiiiiiiiiiiiiiiiirerreseareneenens 208
CHApIer QUIZ ....coomnmiamiin i s sainns s s 5o R o  § 50 URRRERVERLL S § § 5 HRTHAE § § LADWIEERE § 5§45 s FPENROTRLERE b b 550 209
Chapter 23
GUIDELINES TO PROTECT THE ENVIRONMENT DURING
PESTICIDE APPLICATIONS
(11070 (1103 [+ E 21
General Guidelings ...........ccevvuunnn et eeteeteesanenntneeteaneaniesesnannietetettaaanceaasennnnnaanaeaees 211
Guidelines for Specific Categories of Pesticide Use .........c.cooiiiiiiiiiiiiiiiiiiiiiiiii i iiiciieiieeinaes 214
L0 17T 1T 0 217
APPENDIX I: LIST OF CONTRIBUTORS TO FOURTHEDITION ...coiiiiiiiiiiiiiiiieiieeeenaanns 218
APPENDIX lI: CONVERSIONS FROM IMPERIAL AND U.S. TO METRIC MEASURES .................. 219
APPENDIX ill: CROSS REFERENCE LIST OF PESTICIDE TRADE NAMES,

ACTIVE INGREDIENTS AND LD, VALUES ....oeiiiiiiiiciceeeeeceeiiiiieeeannneaneees 221
APPENDIX IV: VOLUME CALCULATIONS FOR FUMIGATING STRUCTURES .......cccoiviiiemmennnnnns 235
APPENDIX V: SPRAY TANK CAPACITY CALCULATIONS ....c.uiiiiiiiiiieiieeeeeereereneeeennsnnnsnsenns 237
GLOSSARY OF PEST CONTROL TERMS ...t iiiiiiiiiiieiitiaeeeeenennnneeasssasennnnsnnsanaaeennnn 239
INDEX i i s cosnmumummnmisis smmmms s susmmsis s ssseeim oss & § SEEsessaeissns SEmasenns o' sreswaisss s ssessemsmasss s 249

viii

Y3303 0033333333333 33033333333333333333333) )



I33IIIIIIIIINIIIIANIIIIIINIINIIIAIIIIIZINIIIININT I

SECTION 1

INTRODUCTION TO
PESTICIDES;
THEIR
CLASSIFICATION

» AND
REGULATION



3333333333333 IINIIIIIIIIIIIINIIINIAINIIIAIIGIND

Chapter 1

INTRODUCTION

People’s efforts to control pests have been respon-
sible for major advances in agricultural production and
human health protection. Pests are living organisms
which cause harm to people or their property. Pests may
be plant-parasitic viruses, bacteria, nematodes and fungi
as well as certain insects, weeds, rodents, birds and
vertebrate predators. Man and his cultivated plants and
domesticated animals share a complex environment in
competition with the pests he tries to control. The bacte-
ria and fungi cause more than 1,500 plant diseases.
Over 1,800 species of weeds cause serious economic
losses. More than 1,500 nematede species attack crop
plants and cause significant damage. More than 8,000
insect species are responsible for spread of disease and
destruction of food, fibres and structures. Numerous
rodent species are vectors for human and animal dis-
eases and cause damage to standing and stored crops.

Many techniques are employed in an effort to con-
trol such pests. In crop production, for example, such
techniques include the development and use of resistant
plant varieties, improved plant nutrition, improved drain-
age and irrigation practices, timely and appropriate ¢ulti-
vation, crop rotation, exclusion of pest infested material,
ﬁ%d sanilation, biological controls and the use of pesti-
cides.

All of the above pest control methods may be useful
alone or in some combination, depending on circum-
stances. The contents of this Handbook deal primarily
with the use of pesticides. However, some nonchemical
pest control methods are described. It is important to
consider nonchemical alternatives to ensure that a pest
control operation is as safe, economical and effective as
possible.

A pesticide is a substance or mixture of sub-
stances used to control pests. Pesticides are not new.
The ancient Romans found that they could control
insects by burning sulphur. In early Chinese civilization,
arsenic and pyrethrum were used to control insect pests
of crops. Ground tobacco was used for aphid control,
and the Bordeaux mixture of copper and lime was used
to control mildew on crops in 18th Century France.

In the early part of the 20th Century, pesticides
were primarily of two classes - botanicals and inorganic
salts. The botanical pesticides are derived from plant
materials and include pyrethrum, rotenone and nicotine
insecticides and red squill and strychnine for rodent
control. The inorganic pesticides include lime sulphur,
arsenicals, borate salts, and various salts of such heavy
metals as chromium, copper, iron, lead, mercury,
thallium and zinc. These inorganic pesticides were used
widely as fungicides, herbicides and insecticides.

Before World War I, only a few synthetically pro-
duced pesticides were used. These included the dinitro-
phenols, hydrogen cyanide, methyl bromide and
naphthalene. In the early 1940's, the insecticidal proper-
ties of the organochlorine-type insecticide, DDT were
recognized. It was also during the war that the weed-
killing properties of the herbicide 2,4-D and the
insecticidal properties of the organophosphorous-type
pesticides, such as parathion, were discovered.

Since World War Il, a large number of synthetic
arganic pesticides have been developed. There are now
over 600 basic pesticide chemicals incorporated in over
5,000 brand name products registered for use in Can-
ada. Some of the most recently developed pesticides
are the pyrethroids, man-made derivatives of pyrethrins
obtained from fiowers. They have rapid insect knock-
down effects. Research also continues on insect growth
regulators and insect sex attractants which are used to
disrupt insect development and behavior.

In response to concerns about pesticide contami-
nation of the environment there is a continuing effort to
develop pesticides which are as specific as possible to
the pests treated and which break down into harmless
chemicals. There is also a greater desire to use pesti-
cides only when essential. The need for some pesticides
can be reduced by monitoring pest populations and
applying pesticides only when the pests cause economic
damage. The concept of integrated pest management,
which is the combination of mechanical, cultural, biologi-
cal and pesticide use now forms the basis of many pest
control programs.

In past decades, there has been a growing
awareness of the undesirable effects of some pesticides
on human health and the environment. The accumula-
tion of the chlorinated hydrocarbons such as DDT in
food chains, and effects of DDT on fish and bird popula-
tions, have promoted the use of less persistent pesti-
cides. Accidental spills of toxic pesticides which
contaminated drinking water and caused fish kills have
emphasized the need to develop and use safe handling
techniques. Accidental human poisonings from pesticide
misuse, or pesticides accessible to children, have dem-.
onstrated the need for secure storage and handling by
responsible people. Health effects suffered by some
applicators have emphasized the need for protective
clothing and safety equipment for applicators. It is
essential that pesticide applicators are knowledgeable
about pesticide toxicities and they should understand
the reasons for pesticide product label precautions.

The need to improve the safety record of pesticides
has promoted the concept of user training which is now
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required for certain pesticide uses in many Canadian
provinces and the United States. This text is meant to
provide a core of information on pesticide regulations,
toxicity and hazards, proper methods of handling pesti-
cides and pest control objectives basic to training needs
in British Columbia. Pesticide applicators and dispens-

ers will need to supplement this material with informa-
tion from other sources on pest identification and pest
control recommendations.

Pesticides must be used with care and respect.
Safe and efficient use requires knowledge about pes-
ticide properties and the pests they control.




F3IIIDIBIIIIDIBIIIIIINIIIIINIIINIZIIIIIIBIAIIIDNIDNTY IR

Chapter 2
PESTICIDES: WHAT ARE THEY?
CONTENTS

Page

Pesticide NaMIES ...conoscmmnisnsssnessssscmvssssin sssisisssoiasssssicsssissssasmmamns 5

Types of Pesticides. .. comsssmmmsinsmsommmummmmissassssssn s ssmsmnsss 5

Classification by Target Pest Species ...........cceeviiiirireniiiiiiiineinnnns 5

Classification by Chemical Structure ...........oooeeiiiiiiiiiiiiiiiiiininnnn 6

Classification by Mode of Action ..........c..cceevieeiiiiiiiiirennncinenneenn 6

Festicide Formmlations .ucsmomssssss ssusssnssmmsmmaseemsimssn s 1e s ssas seaminsns 7

Types of Formulations ...........cccoevvviivvinemnieniiniinniiinnnnn, 7

AAJUVANES . 00000000 miisiimmmnmsainnsisonsnibsinmratbosnmsessntsssssiosdbbhebbibunississ 8

Mixing Pesticides ....smummmssmissssmimsmsmusasssmnmimusnasavsisssivisvainss 8

Product Labels .........cc..ooiiiiimiiiiiiiiiiiire e 9

Active Ingredient Concentration ..............cceveevveenusisiiinieieinneeinineeennes 14

CHAPEr OMIZ cuooisisvnmnscssummmmmmnnionssss s cos v imsmmmussnisss nbeessssbiesssss sbises s 15
PESTICIDE NAMES TYPES OF PESTICIDES

The term pesticide is broadly defined by provincial
legislation to include all materials that are used to pre-
vent, destroy, repel, attract or reduce pest organisms.
Insecticides, herbicides, fungicides and rodenticides are
some of the more well-known pesticides. Less well-known
pesticides include growth regulators, plant defoliants,
surface disinfectants and some swimming pool chemi-
cals. Under federal legislation, all pesticides used in
Canada must be registered by Heath Canada.

Pesticides cafrbé nam % in three ways: by trade or
brand name, by common name and by chemical name.
For example:

Roundup = trade name of a herbicide product
glyphosate = common name of the active
ingredient in Roundup
N-(phosphonomethyl)glycine = chemical name of
the active ingredient
in Roundup

Trade names (capitalized) are given by the manu-
facturer or formulator. The trade-named product is usu-
ally a mixture containing one or more pesticide active
ingredients (a.i.) and several additives. The active ingre-
dient is the chemical which controls the target pest. The
additives usually make the product safer, more conveni-
ent to handle and easier to apply.

Common names (not capitalized) are assigned to
pesticide active ingredients. A common name is used
when referring to an active ingredient rather than a
product.

Chemical names are used by chemists to describe
the chemical structure of the active ingredient. Chemical
names are not used in this Handbook.

There are about 5,000 pesticide products on the
Canadian market. These can be grouped or classified
according to the pests they control, their chemical
structure, or the way they control or affect the target

pest species.

CLASSIFICATION BY TARGET PEST
SPECIES

Most pesticides may be classified according to the
pests they kill. The word ending or suffix — cide means
to kill. Thus, the word pesticide means to kill pests and
the following types of pesticides are used to kill specific
kinds of pests:

Pesticide Target pest
algicide algae
avicide birds
bactericide bacteria
fungicide fungi
herbicide weeds
insecticide insects
miticide mites
molluscicide snails, slugs
nematicide nematodes
piscicide fish
rodenticide rodents




CLASSIFICATION BY CHEMICAL

] STRUCTURE

Most pesticide active ingredients can be grouped
into two chemical types: inorganic and organic pesti-
cides.

Type A: Inorganic pesticides. Inorganic pesticides do
not contain carbon and are usually derived from mineral
ores extracted from the earth. inorganic compounds
such as sulphur were some of the first pesticides used
by man. Inorganic pesticides in use today contain salts
such as copper sulphate, sodium chlorate, ferrous sul-
phate and sadium tetraborate or elements such as cop-
per and sulphur.

Type B: Organic pesticides. The organic pesticides
contain carbon in their chemical structure. Most organic
compounds are synthesized or manufactured from
petroleum derived chemical components, although some
are extracted from plant material and are called ‘botani-
cals’. Chemists have classified organic pesticides into
groups or families of chemicals with similar molecular
structures. Organic pesticides of a particular group often
have similar properties. The most important groups of
organic pesticides are as follows:

¢ Organophosphorous pesticides. Most pesticides in
this group are insecticides; a few are also miticides.
Organophosp icides (commonly called
OP’s) typically have a short persistence in soil, food
and feed for animals. This group contains some of the
most loxic pesticides used in Canada, e.g. parathion
and ph3§3nin. Even the least toxic of this group is eas-
ily capable of poisoning humans if used improperly.
Commonly-used pesticides in this group are dime-
thoate, acephate, malathion and diazinon.

e Carbamate pesticides. The carbamate group includes
insecticides such as carbaryl, carbofuran.and pro-
poxur; funaucndes %dnhtocarbarnates) such as zineb,
ferbam and maneb; and herbicides (thiocarbamates)
such as barban, EPTC and triallate. Most have a short
persistence in the environment. The toxic hazard to
humans and animals is generally m“ﬁﬁ'ﬁh‘gi-
cides and T=Xls ici

* Organochlorine pesﬂcld&s Few of the organochlo-
rine pesticides (OC's) are now in use because most
have a relatively long persistence in the environment
and some have a tendency to accumula?’é“‘n’mﬁ‘fﬁ‘ﬂy
tissues of human averHl drganochlo-
rine compounds that have a shorter persistence and
a relatively low mammalian toxicity are commonly-
used insecticides. Examples are endosulfan and
methoxychlor.

« Dinitrophenol pesticides. These compounds are
used as jnsecticides, miticid fun?gcgdg;; and herbi-
cides. The):.'sa:’% They belong to a family of
chemicals as and have a _strong yellow
colour. Examples are dinoseb and dinitro-orthocresol
(DNTC).

¢ Triazine icides. The compounds in this group are
all herbicides of mild toxicity to humanrs and include

amitrole, atrazine, prometryne and simazine. They are
taken up by plant roots and some may also be
absorbed through fohage Resldues from these ‘com-

* Phenoxy pe . These herblcldes are mdely
used for weed control in grain crops. They are selective
because grasses and some other crop species are
resistant to them. The most commonly used members
of this group are 2,4-D and MCPA. They have low to
moderate toxicity to humans and animals.

CLASSIFICATION BY MODE OF
ACTION

Pesticides can also be classified according to the
way they enter or affect the target pest species. Some
examples of pesticide groups in this type of classifica-
tion include the following:

Contact pesticides generally control a pest as a resuit

f direct contact. Insects are killed when sprayed directly
with a lethal dose of contact insecticide. Insects may
also be killed when they touch surfaces treated with
a residual contact insecticide. Weed foliage is killed
when sufficient surface area is covered with a contact
herbicide.

Systemic pesticides are pesticides which are absorhed
by plants or animals and are transported to untreated
tissues. Systemic he! es the plant to
untreated areas of leaves, stems or roots, and may be
effective in killing weeds with only partial spray cover-
age. In the case of a systemic insecticide, sucking pests
such as aphids on roses or horn flies on beef cattle are
affected beyond the area of pesticide treatment.

Foliar pesticides are applied to plant leaves, stems and
branches. They may be contact herbicides which kill
only plant parts covered with spray or systemic
herbicides which are translocated inside the plant.

Soil-applied pesticides are applied to the soil. Some

are taken up by roots and translocated inside the plant.

Other soil-applied herbicides kill weed seedlings by con-

ttﬁm wi_tlh young shoots or leaves as they break through
e soil.

Fumigants are chemicals that are applied as a toxic gas
or as a solid or liquid which generate a toxic gas. The
gas will penetrate cracks and crevices of structures or
soil or the spaces between products stored in various
containers.
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PESTICIDE FORMULATIONS

TYPES OF FORMULATIONS

When a pesticide active ingredient is manufac-
tured, it is known as technical jal. This tech-
nical grade material must usually be incorporated into a
formulation in order to produce a useful pest control
product. The technical grade material may be formu-

lated into a praduct by the basic manufacturer or may
be sold to a formulator.

During the formulation, ss, the active ingredi-
ent is mixed with other mageggb make the product
safer to handle, easier to apply, more effective or more

suitable for storage. For example, carriers such as
water or oil, solvents, inert powders or gas propellants
are often added to dilute the active ingredient or to pro-
vide a medium in which it can be applied. Adjuvants
are often added to improve the properties of the formula-
tion. They may improve the way a product will mix with

a diluent, improve its efficacy or reduce non-target
damage.

Some pesticide formulations are ready-to-use, e.g.
aerosols and various dusts, baits, pastes, gels, pellets
and granules, with 1 to 5% active ingredient. Other for-
mulations must be diluted with water or oil before use.

Pesticide formulations can be divided into three
main types: solids, liquids or gases. They may also be

categorized according to the way they are to be applied
or diluted. Some active ingredients are incorporated in
several different kinds of formulations. Applicators must
select the formulation that will be best for their particular
needs. The most commonly used formulations include

the following. Note that the formulation of many products

is indicated by an abbreviation on the pesticide label —
as shown below in parentheses.

Solids

Some solid (dry) formulations are ready-to-use
while others must be mixed with a diluent. Solid formula-
tions may be easily stored, transported and handled.
They are not absorbed by the skin as readily as liquid
formulations.

Dusts (D or DU) consist of the pesticide active ingredi-
ent mixed with finely-ground particles of inert materials
such as talc, clay or volcanic ashes. They are used dry
and are usually marketed ready-for-use. The concentra-
tion of active ingredient is usually low, i.e. 1 to 10%.
Dusts are rarely used for large-scale field applications
because they easily drift into non-target areas.

Granules (G or GR) consist of the active ingredient
adsorbed onto particles of inert materials such as clay.
The particles are typically about 2 to 6 mm in diameter.
Like dusts, granules are used without further mixing.
The concentration of active ingredient is usually

‘between 2 and 25%. A number of advantages when

using granules include minimal drift and clean, simple
application. Where residual action is required, granules

may provide slow release of the pesticide. Unsightly
dust deposits on foliage may be avoided and drift to
non-target areas is usually minimal. Granular formula-
tions are usually applied to the soil.
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Pellets (PE), like granules, are small particles of inert
materials containing a pesticide, but the particles are
generally larger and may have a more uniform shape
and weight than granules.

Baits are a mixture of pesticide and food material to
attract and control pests. Although some may be formu-
lated as liquids or pastes; most baits are solid formula-
tions. Baits are commonly used for rodent and bird
control and may also be used to control insect pests
such as weevils, ants and earwigs, as wsll as slugs and
snails. The amount of active ingredient in most baits is
quite low, usually less than 5%. Baiting, if properly done,
is a good method of delivering the'minimum required

pesticide dosage {0 ihe farget-species==~

Soluble powders (SP) are dry formulations of finely-
ground active and inert ingredients which are dissolved
in water to make a spray solution. No agitation is
needed once the pesticide is dissolved. The active ingre-
dient in soluble powders ranges from 15 to 95%, but is
usually over 50%. They may be hazardous to the appli-
cator if inhaled while mixing.

.

Wettable powders (WP), like soluble powders, consist
of finely- ground active and inert ingredients. Wettable
powders must be added to water and kept in suspension
through constant agitation. They settle out quickly with-
out agitation. Wettable powders usually contain 50% or
more active ingredient. Like soluble powders, wettable
powders are not readily absorbed through the skin, but
may be hazardous to the applicator if inhaled.

Dry flowables (DF) consist of active ingredient mixed
with inert ingredients to form granule-size particles. To
prepare a spray mix, the particles are added to water,
producing a suspension just like a wettable powder. The
spray mixture must be continuously agitiated. However,
dry flowables are easier to pour than powders and are
less of an inhalation hazard during mixing.

Capsules consist of a pesticide with a coating of a
material such as gelatin which dissolves or disintegrates
in water, releasing the pesticide, e.g. pyrethrin capsules
for mosquito control.

Blocks, crystals, fiakes, balls and tablets are other
solid formulations, usually of ready-to-use material,
which may be applied in a variety of ways.

Liquids

Liquid pesticides may be formulated with water or
petroleum solvents and may be ready-to-use or require
further dilution with water or oil prior to use. Liquid pesti-
cides which must be diluted befare use can be very haz-
ardous when the concentrate is handled during the
mixing process.
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Emuisifiable concentrates (EC) usually contain an
active ingredient, one or more petroleum-based solvents
and an emulsifier which allows the formulation to be
mixed with water. When the spray mixture is prepared,
the pesticide is suspended as minute droplets in the
mixture. Emulsifiable concentrates should remain sus-
pended without further agitation for at least one day fol-
lowing dilution with water. The petroleum-based solvents
in some emulsifiable concentrates can cause foliage
burning even at maderate concentrations if used when
temperatures are high.

Water-soluble concentrates or solutions (WS or SN)
are liquid formulations which mix completely in water.
They form solutions which will not settle out or separate
and do not require agitation after mixing. Few pesticides
are available in this type of formulation because most
active ingredients are not soluble in water.

Liquid flowables or suspensions (SU) are formulations
where the finely-ground active ingredient is mixed in a
liquid along with inert ingredients to form a thick suspen-
sion. The formulation is diluted with water for application
as a spray mixture. Constant agitation of the spray tank
is necessary as liquid flowables have the same tank-
settling characteristics as wettable powders.

Microencapsulated suspensions are formulations in
which the active ingredient is contained in microscopic-
size polymer film capsules. The capsules (15 to 50 »

in diameter) are suspended in a liquid which is diluted
before application. When applied, the microscopic cap-
sules slowly release the active ingredient, thus prolong-
ing the persistence of the pesticide: These formulations
must be well agitated during application. They are usu-
ally safer to handle than other formulations because
the capsules cannot be absorbed through the skin and
pass through the digestive tract if ingested. Care must
be taken to ensure that any screens or filters within

the spray equipment will permit the passage of the
capsules.

Ultra low volume concentrates (ULV) contain mostly
active ingredient. They are designed to be used as is
or to be diluted with only small quantities of specified
solvents. These special-purpose formulations must be
applied with highly specialized equipment that produce
a very fine spray.

Aerosols (A) usually contain small amounts of active
ingredient and a petroleum solvent. There are two types
of these formulations, the ready-to-use type and those
made for use in fog-generators. Ready-to-use aerosols
are usually under pressure in small containers. When
the nozzle valve is triggered, the pesticide is driven
through a small opening, creating fine droplets. The fog-
generators are not under pressure. They are used in
machines which break the liquid formulation into a fine
mist or fog using a rapidly spinning disc or heated sur-
face. These formulations are used mainly in structures
such as greenhouses and for mosquito control outdoors.
The fine droplets produced by ready-to-use aerosols and

fog generators may represent an inhalation hazard.

Gases

Fumigants are pesticides applied as a gas or applied
as a liquid or solid which release toxic gases to control
pests in enclosed spaces. Fumigants are used in stored
grains, in structural pest control, and as soil treatments
to control insects, weeds, fungi or nematodes. They are
hazardous to work with because they are highly toxic
and applicators must take considerable precautions to
avoid exposure to the gas.

ADJUVANTS

Adj s are materials added to a pesticide formu-
lation or tank mix to increase the €
of the active ingrédient. elp the pesticide
spread more evenly or penetrate into or stick on the
target. They are either incorporated into the formulation
by the manufacturer or may be added to the spray by the
pesticide applicator. Caution should be used when add-
ing adjuvants to a pesticide spray because pesticide
residue levels or plant sensitivity to the pesticide may
increase.

The following adjuvants are sometimes used:
Wetting agents — allow wettable powders to mix with
water.

Emulsifiers — allow oil-based pesticides (EC’s) to mix
with water.

invert emulsifiers — allow water-based pesticides.to
mix with oil-based carriers.

Spreaders — allow the pesticide to form a uniform
coating over the treated surface.

Stickers — allow the pesticide to stay on the treated
surface.

Penetrants — allow the pesticide to get through the
outer layer of a treated surface.

Thickeners — reduce drift by increasing droplet size.
Foaming agents — reduce drift.

Anti-foaming agents — reduce foaming of spray mix-
tures that require vigorous agitation.

MIXING PESTICIDES

It is often desirable to combine two or more pesti-
cides to improve the control of a single pest species, or
to control several different pest species with one applica-
tion. Pesticides that cannot be mixed together because
of adverse reactions are called ‘in e'.

Incompatibilities may be chemjcal or_physical, A
chemical incompatibility results in a chemical reaction
between any of the constituents being mixed. A chemi-
cal incompatibility may destroy the effectiveness or
increase the toxicity of one or more acfive ingredients. A
physical incompatibility results in a change in the physi-
cal characteristics of a pesticide. A al.incompati-
bility may cause the formation ot a pracipiEte Which clogs
the sprayer screens and nozzles or may cause the separ-

ation of an emulsifier from the active ingredient. The
resulting spray could be mostly carrier or highly concen-
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speculﬁc precautions about mixing. When mixing pes

trated active ingredient. Excessive human exposure,
high residues, or various types of plant injury may occur.

Some general guidelines to prevent incompatibili-
ties include the following:

* Formulations containing lime, such as Bordeaux mix-
ture, lime sulphur and other materials that are highly
alkaline, are incompatible with many synthetic organic
chemicals. Organophosphorous pesticides, carba-
mates and some organcchlorines and dinitro pesti-
cides are generally degraded into nontoxic chemicals
in alkaline solutions.

* Combinations of cil-based solvents with organic pesti-
cides are often injurious to plants. The mixture can
cause severe burning of the fruit or foliage. This will
occur with most carbamate and dinitro pesticides and
some organophosphorous pesticides. Many emulsifia-
ble concentrates are formulated with oil-based
solvents.

¢ When two emulsifiable concentrates are combined,
the active ingredients may be compatible, but the sol-
vents or the emulsifying agents may be incompatible.

e Often there is incompatibility when emulsifiable con-
centrates and wettable powders are combined. One of
the pesticides may precipitate out of the mixture and
plant injury may result.

¢ Granular formulations of pesticides should not be com-
bined with liquid pesticides or liquid fertilizers.

Many pesticide formulations can be combined
safely. A good rule to follow, particularly with combina-
tions of wettable powders and emulsif able ooncentrates
is to use formulatior ) 1)
t e pest cide Iabels should be checked for any

cides for agricultural use, refer to the compati
e from the M Rg
sheries. These charts are included in Production

Guides for various crops.

PRODUCT LABELS

Every pesticide product must be registered by

Heath Canada before it can be sold or used in

Canada. In order to obtain registration, the manufacturer

must supply data on product safety and efficacy. This

data is used to produce a product label with use
directions, safety precautions and first aid information.

This label must be attached to every package or

container of pesticide for sale.

- There are four times when a label should be read:

» Before the pesticide is purchased, make certain the
product is registered for the intended use, determine if
special application techniques are required and deter-
mine how much pesticide is required.

* Before mixing and applying the pesticide, deter-
mine how it should be mixed, check on requirements
for protective clothing, learn what first aid procedures
may be required in case of an accident. Also deter-
mine when and how to apply the pesticide and any
residue and re-entry restrictions.

« Before storing the pesticide, determine if there are
special storage precautions which must be followed.

» Before disposing of unwanted pesticides or the
container, check the label for instructions to avoid
health risks or environmental contamination.

Examples of labels for three pesticides with differ-
ent hazard ratings are given in Figures 1, 2 and 3. The
important information on these labels is numbered and
defined as follows:

1. Trade Name. This is the manufacturer or seliing
agent’s assigned name for the product.

2. Use and Classification. The type of pest controlled
by the product is stated, i.e. herbicide, fungicide,
insecticide, etc. The product is assigned to one of
three use categories: Domestic, Commercial or
Restricted.

Domestic products are considered to be suffi-
ciently safe to use in or around the home. Accidental
exposure is unlikely to cause severe effects and the
environmental consequences of their use is consid-
ered slight (Figure 1).

Commercial products include the maore toxic
pesticides or moderately toxic pesticides sold in
large containers, as well as pesticides for special
uses or requiring special application techniques.
They are to be used by commercial applicators who
have knowledge about safe use practices. Products
in this class may also be more specifically labelled
as Agricultural, Horticultural or Industrial (Figure
2).
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Restricted products are pesticides which require a
notice to alert users to particular hazards or special
requirements involved in their use (Figure 3).

3. Formulatlon. The type of formulation is described in
one or two words or as an abbreviation (e.g. emulsi-
fiable concentrate or EC).

4. Precautionary Symbol. This symbol is placed on
the label if the product may be hazardous to use or
handle. The kind of symbol illustrates how dangerous
the pesticide is with respect to toxicity, flammability,
explosiveness or corrosiveness. The degree of haz-
ard is indicated by the shape surrounding the symbol
(see Tables 1 and 2).

~ 5. Guarantee. This important part of the label identifies

the active ingredient by its common name and indi-
cates how much this chemical is diluted by other
materials in the product. The amount of active ingre-
dient in the product is given as a percent of total
weight (e.g. 20%), or the weight of active ingredient
per volume of product (e.g. 200 grams per litre).

6. Registration Number. The Pesg E'C_‘gm gl gugg
Act (PCP Act) Registrat:on number must be shown




u cen
ered products have registration numbers over 18,000,
while older products have registration numbers
less than 5,000. There are only about 5,000 products
currently registered for use which means many formerly-
registered products have been withdrawn. Products may
be withdrawn as better pesticides are developed or
because of health or environmental concerns, lack of
demand, etc.

Table 1. Pesticide label precautionary shapes and
signal words.

Shape Signal Word Hazard Rating
o DANGER extreme or high
O WARNING moderate
v CAUTION low or slight

The nature of the hazard is represented by the
symbol within the shape as follows:

The “skull and crossbones” sym-
bol warns that the chemical is poi-
sonous if taken into the body. See
Chapter 4 for an interpretation of
the poisonous hazard ratings.

The “fire” symbol is a warning that
the pesticide is flammable or eas-
ily ignited. Non-pressurized prod-
ucts with a ‘Danger Flammable’
symbol have a flashpoint less than
-6.7°C; the ‘Warning Flammable'
symbol means a flashpoint of -6.7°
to 10°C; the ‘Caution Flammable’
symbol means a flashpoint of 10°
to 26.7°C. v

The “exploding grenade” symbol
indicates that the pesticide repre-
sents an explosion hazard. Aero-
sols and pressurized products rep-
resent such a hazard.

The “corroded hand in liquid”™
symbol indicates the pesticide is
corrosive to the skin. The chemi-
cal is either acidic or alkaline
(caustic) and can bumn the skin if
mishandied.

The label may contain none, cne or several of the
shape and symbaol combinations shown in Table 2.
Where more than one symbol is required, only the most
severe signal word is used on the label.

7. Net Contents. This information gives the total con-
tents of the pesticide formulation in the container,
usually as a weight (g or kg) or as volume (mL or L).

8. Directions for Use, Use Area and Limitations.
These sections of the label identify where the pesti-
cide may be used, which pests will be controlied and
specific rates of application. The directions state
how the user can obtain desired results while avoid-
ing undesirable effects. Instructions may be given on
the minimum number of days between pesticide
application and harvesting of specified crops to
ensure there is no hazard from pesticide residues. It
is important that these directions are followed com-
pletely. They have been developed specifically for
the product to ensure safety and efficacy.

9. Precautions. This section describes how the pesti-
cide must be used or not used to prevent user
exposure or environmental contamination. The pre-
cautions vary according to the properties and
intended use of the product.

10. First Ald. Instructions are given for treating a victim
of accidental poisoning. No information is given if
the product is of such low toxicity that first aid is not
needed after accidental exposure.

11. Toxicological Information. This section includes
symptoms of poisoning and other information impor-
tant to medical staff for treatment of poisoned
victims.

12. Disposal. Information is provided regarding the
disposal of empty containers to prevent accidental
poisonings or environmental contamination.

13. Pesticide Company’s Name and Address. On
request, many companies will provide Material
Safety Data Sheets which give additional detailed

information on how to use a particular pesticide
safely.

 Table 2. Precautionary shape and symbol combina-

tions used on pesticide labels.

Danger Warning Caution
o & =
Flammable @
Explosive
— &
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=p 8 DIRECTIONS FOR USE:

a =
Remove the protective cap. Do not point the valve opening to the face. Press
- 1 down on valve tip, spray with a slow sweeping motion. Do not spray when

temperature is over 26°C.

L]
- 3 Pf essunzed ORNAMENTALS: To contro! Ants, Aphids, Floa bestles, Leafhoppers, Mites,

Tent caterpillars, White flies: Spray 45 cm away from foliage with slow sweap-
ing motion, to upper and lowar surfaces. Spot treat larger plants to controt

Insect spray localized infestations.

LIMITATIONS: 1) For outdoor use only.
2) Do not use on certain ferns, poinsettias, hibiscus,
papaya, pilea, gardenia, orchids.

3) Do not use as a space spray.

For
ORNAMENTALS, ARBORVITAE: To control Leatminers and Scale insects {crawlers), spray when
FLOWERS, and insects first appear. Repeat as necessary.
AROUND HOMES. APPLE, CHERRY, PEAR: To control Aphids, Fruit tree leafroliers, Leafhoppers,
i Mealy bugs, Mites and Scale insects (crawlars): Spray at the rate of 1 m2 per 10
- seconds. Do not use within 14 days on apple or pear; within 10 days on cherry —
before harvest.
s =p 9 PRECAUTIONS: KEEP OUT OF REACH OF CHILDREN. Avoid inhaling and
-2 Domestic contact with skin and eyes. Bury empty container. Avoid contamination of
-pi2 food. and drinking water. May be absorbed through the skin. Do not burn or
- 13 puncture cantaingr. Do not use in presence of open flame or spark.
Later Chemicals Ltd.,
12080 Horseshoe Way, = 4 WARNING =p 10 FIRST AID: In case of accident, calt a doctor.
Richmond, B.C.
VIA 4Vs =p 11 TOXICOLOGICAL INFORMATION: Diazinon is a cholinesterase inhibitor.
POISON FLAMMABLE EXPLOSIVE Atropine is antidotal.

READ THE LABEL BEFORE USING. Seller’s guarantee shall be limited to the terms set out on the lable and subject
= 6 REG.NO. 13287 P.C.P. ACT. thereto, the buyer assumes the risk to persons or property arising from the use
= 5 GUARANTEE: diazinon 0.5% or handling of this product and accepts the product on that coadition.
=P 7  Neot Content: 3109

Figure 1. Pesticide label from a Domestic product (index numbers refer to definitions in text).




§5 - 110 Gtes of water per hectars.
WHEAT, BARLEY, RYE

Treat from 3 desd te early shot blade stape.
OATS BMIXED GRAIN

Spray from ) - A kead simge.

FLAX

Treat attes plant reaches 5 cm i beight and before the bud stage.

EASILY NILLED WEEDS: Glustrd, Lsmbs Qumerters, Shepherd's Purse,
e

Sl seedings growing rapidy 190 mike

Weeds in bud, dry or cool weithey, heavy infestation 1.1 UDa

HARDER TO CONTROL WEEOS: Red Rost Pigweed “Scw Thiatle, *Camds
Thiste, “tedly Sprg2, *Bw Lettocs, Dog Musterd, Blze Bor Fiekd Pegper
mﬂmm&s’m oy

* Tep growth sypressien ealy.

Somxd eoedSings growiny rapidy 1.25 Uba.

Weeds in b, Cry oo cool westher.

Haswy infestation 1.75 Lha.

TANK MIXES WITH MCPA ESTER 500 '

Use s mixss ooy wheo they eie cegastered and recommended. Resd ed
fuSow the lsbel Erertions on bih groduets used in 8 lack cin

MCPA Ester S00 o1 1.1 kuses per bectere of produet phs Avenge 200C a1
3.5 - 4.25 tues por bectare of products. Agply 0 100 Gtres of water por
+ hestere, Add MCPA first Lhen 62 the Avenge. Usa enly ca Beriey sad Nespewa,
Glerdes, Chester, Selirk £nd Macocd wheat 0 coatrcl Wilkd Outs exd HCPA
sosceqtile broafent weeds, Apgly ¢n the 3 - § lea stage of Wild Cats. 0o et
use MOPA Amng o salts id combingtion with Avenge 203L.

-p 3 llﬂUlD HERB'CIDE il wn:r&ﬁmwwmwmmmm

cl

- AGBlCULTURAL %u&&w&lﬁmﬁﬁ;&ﬁg
READ THE LABEL BEFORE USING store a:(:&. lmi'n;:x iecticifes um ua:.m " sy
sores freesing. 03 e2t sprmy 2 wd o sy, ot o
- 5 GUARANTEE: MCPA 509 gl wagaans o eoxtect phrats cther Baa Ghose Seizp treated Do oot a2 spramens
(Present as Ester) - which bare contuined MOPA to apsly ciber pestizides 1o oo,
=P 10 FIRST AID:
REGISTRATION NO. 5452 On skin, wish imoedately with od witer. In flsh with
= 6 g1 couTROL PRODUCTS ACT s i
=> 12 pISPOSAL PROCEDURES
Qestroy empty conteines. Dispose of wastes by buryiag @ 8 noociop sred away
-> 7 frem o) water supplies. Follow Lacat requlations of they have been estabfished.
NOTICE TO USER:
- 4 This coatral grodoct & 1o be used only in accordznee with the drections on Ihi
hw"lltmm ;ﬁﬂfza mﬁu the PEST CONVAOL PRODUCTS ACT to use o
) conteol g cenditons,
WARNING % POISON e

Sefier's quersntee shed be Ermted 1o tha terms sot qut on the Iabed acd subject
mum.mmthr‘dmwmuwmuiiqmdm
of the o the :
wsp> 13 INTERPROVINCIAL COOPERATIVE LIMITED PO BOX 1050 SASKATOON SASKATCHEWAN S7% 3M9 ?:::",?d cm::m ¢ T ety el ot
WINNIPEG TORONYD MONTREAL MONCTON

Figure 2. Pesticide label from an Agricultural product (index numbers refer to definitions in text;
note that item 11, toxicological information was nat present on this label example).
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zomn.ct. ?ﬂm This c:;:;:l; ptoduﬂ i3 10 be used only in occordance with the direcucns on this fabel ks an ofence unde: the Pasi Comtral Praducts Act
mmwmmmcmn mspmmubnweﬂand dispiayed agart frem food of leed.
REG. TM» 8 READ ENTIRE LABEL USE STRICTLY IN ACCORDANCE WITH LASEL CAUTIONS, WARNINGS AND DIRECTIONS.
m Use the ewaamd amount of product in the lollowing ktres of water per hettate unisss ctherwase noted
-p 1 Greund Applicstion: 200 to 1000 Litres of Water
RECOMMENDED APPLICATIONS
DOSAGE LITRES
- - I S caop INSECT MONITCR &20 AEMARKS
Broccoli Cabbdage looper 11-23L Mﬂrlllmﬂdﬂufum Mm3ects ot thest d
-s Liquid Insecticide [&=—- =m S
b vag &N m necessa l\ﬂ 8 e e
Cavlifiower Aphids later than 7 .;snbmn - fiee o -
3peuts later than M dsys Mm the first huuu
Haed tettuce Cabbage looper 11-23t Apply 11 L on s 7 day schaduls baginning when insects o1 the dams
- 2 {Fistd grown) Aghids first appears. For sevare infestations 1.29-23 L spphiad st 7 10 ll u
intervals may be necessary. Do not spply to head Isttuce Iater thon l
batoro the first harvast.
Potatoes Aghid| 185-23L Use '85-23 L per hectase. Applyina mwuaypmmmnm:-
For Insect Control on Cole Crops, Potatoes, 3‘3.2".{:'{1'; patao bt e3331v. 0o ot apply Ister than 14 days before harve
Head Lettuce and Rapeseed Potato lsafhoppet
Tarnished piant bug
y {Omano only)
-5 GUAWE_E- A Rapeseed Bertha army werm SIS emt-1251 Ute 575 mi-1.25 L per hoctare. Applicatians by 8ir® or mmﬂ agup-
Methamidophos®. . .............. .. ... ..ccciiiiiaiinn 480 g/L wn.ant should begin when smatiisrvae are S?wn a hm
6 e US. Patent No, 3300265 3683604; 3676555 ovears Tuo epplcations may bo made Do not sy witn 1
Reg;stranon No.12.434 Pest Contro! Products Act Grasshoppers 150 Usel al pearhactate Afabcmm by ground or 8:® equizment ghou'd
when migrabon of grasshappers from mm and Giald borders
becomss apparent Two nnphutms msy be made. Do not apply withmn
- 4 10 days of harvest.
- *FOR AIRCRAFT APPLICATION ON RAPESEED, USE NOT LESS THAN 10 LITRES OF WATER PER HECTARE =
(7] PRECAUTIORS: Do not apply undar conditions involving possible drrft to lood, forage os other plantings that might be damaged of the crops thereo! rendsred unfa
=P O {01 sale, uso or consum
DANGER Pﬂlso N FISH AND WILDUFE ONS: Touc to Fish and Wedlita. Koep cut of iakes, streams and ponds. Fish will be killed d the:s waters sre comtammatod with this prod-
uct Witdiite I‘n contact with u:;‘w 31883 may bo harmed. This product is highly toxic to bees exposed 1o direct or on crops Avoid use dunng
an peri
12 Di : Keep p g2 i onging! Do ot put o1 ddute into f00d or drmk contomers Wash and destioy contanes when
- empty. Never reuse.
KEEP OUT OF REACH OF CHILDREM
%lﬂ 1 swallowed, mhated memm wmmmuzl“m ki m&%‘n of
0A0uS f $W. o1 omqmaeyu.on: n ot ea clo 0 of resgirator
READ THE LABEL BEFORE USING 8 type suitable for protsction aganst crganic mmemmdu Wea natural rubber gloves, protectve claihing and gogpies. Wash hands, arms and lace
XEEP OUT OF REACH OF CHILDREN thoroughly with s08p and watsr brfose sshing or sroking. Wash all contaminated clothing with $0ap 828 ho? wates before reuse. Keep sl unprotected persons
outof oummg 87¢83 Of vitinty where there lht, be danger of drdt. Vacated areas should notbo g untd drdting i de and voistile residues have
CALL A DOCTOR IN CASE OF ACCIDENT W' Do Pt sore ot travagort wit faed o (004
(See side panel fo ﬁmAid and Danger Statemants) 0 :In case o Cantect with Skln remove conta e A 96 vomm wd weter W 1 Byon sty v Lrge
(] r nge = | cmmummluumwlsmundmmﬁmmmns-MgmlSmwuﬁmuhuolmmwnumdnunumdﬂummm'uw
RE IN A COOL ORY Mﬂm% F;ﬂdm Ini call {415) 233-3737. Tha compound inhidits chofinesy esulting in stmul
-p prmation— 2] eress ¢ m x ation
PROTECT FROM HEAT n of the centrat nervous system. This results in 8 sense of "t meu in the chast, swesting, contracted pupils, stomach pains, g and .
is stropine sullaie sdministered in llrgu mmam: doses repested as necosssry 1o the paint of toierance. 2-PAM is aiso antidotsl and may be ldm&mtmd in
conjunction with atropine. Do not atch for edema, which may develop in setiaus cases of poisoning even aftes 12 hours. At first sign
of puimonary edema, the patient lwld be p!aced in an cxygen tent sndtreated sympiomatically.
WARNING: LUMITATION CF Wm Se'?ef:gu;’m. s':;l; bo I;v:uted 1] mn'h tarms ‘:;tl cul ';n the l:m and subject thereto, the buyer astumes the nsh 10 parsons o7
proparty srising use or handing predutt angd sccepts the product on that conddion.
Salety data and registration of this product are under raview. Direc-
tions lor use and cautionary sta ts should be carefully fol MONITOR i3 & Reg. T of Chavron Chamicat Company.
towed. Road the label belore using
=»13 Chevron Chemical (Canada) Limited o1
Bertoor, rtars LN 318
AT
—p 7 10 I. R Form C-10013-D
Figure 3. Pesticide label from a Restricted product (index numbers refer to definitions in text).




Chapt.

ACTIVE INGREDIENT

#l CONCENTRATION

When pesticides are applied, they usually consist
of the active ingredient together with diluents and adju-
vants. It is sometimes important to know how to calcu-
late the amount of active ingredient in a pesticide
product or spray mix. The concentration of active ingre-
dient is used to assess the toxicity of the pesticide
(reviewed in Chapter 4). It may be necessary to compare
the amount of active ingredient applied per unit area
when using different products or to compare the cost of
different products based on their active ingredient. It
may also be necessary to maintain records of pesticide
use in terms of active ingredient. A method for calculat-
ing active ingredient quantities in pesticide products and
pesticide mixtures is outlined below.

The examples given here are in metric units
because all labels on pesticide products now sold in
Canada have directions which use the ic system.
Some Is may contain both metric and imperial units
of measurement but we do not recommend the use of
imperial units (pounds or gallons) because the calcula-
tions are more difficult."Applicators should be familiar
with the following metric units and their abbreviations.
(See Appendix Il for conversion factors.)

METRIC UNITS
Weight is measured in grams (g)
one kilogram (kg) = 1,000 grams
one milligram (mg) = 1/1,000 or 0.001 gram

Volume is measured in litres (L)
one millilitre (mL) = 1/1,000 or 0.001 litre

Note the relation of these units as follows:

10kg =1,000g 10L = 1,000mL
0ikg = 100g 01L = 100mL
001kg = 10g 001L = 10mL
0.001 kg = ig 0001L = 1mbL

The concentration of the active ingredient (a.i.) in
the formulated product is stated under the heading
“Guarantee’” on the label of pesticide containers. On
dry formulations, the concentration of active ingredient
is normally listed as a percent of the total welght. if the
guarantee on a dry formulation was 20% a.i., there
would be 200 grams of active ingredient in every
kilogram of product. The remaining 800 grams would
consist of inert ingredients such as clay.

Example 1. Suppose it is necessary to determine the amount
of active ingredient in a 5 kg package of granular pesticide
with a guarantee of 5%. Use the formula:

active ingredient = percent guarantee x total product
= 5% x 5 kg

5
=—— x5k
100 o
= 0.25 kg
= 250 ga..

There would be 250 g a.i. in a 5 kg package containing 5% a.i.

On the label of liquid formulations the concentration
of active ingredient may be listed as a percent of the total
product weight, a percent of the total product volume
(e.g. 20%), or as a weight of active ingredient per volume
of product (e.g. 200 g/L). If the guarantee on a liquid
formulation was 20% of the product volume, there would
be 200 mL of active ingredient in every litre
of product. The remaining 800 mL would be inert
ingredients.

Example 2. Suppose it is necessary to determine the amount
of active ingredient in a § L container of liquid with 35% active
ingredient. Use the formula:

active ingredient = percent guarantee x total product
- Sgg/o x5L
= —X
100 5L
= 1.75 L a.i.

There would be 1.75 L a.i. in a 5 L container with a guarantee
of 35% a.i.

The calculations are a little different if the guarantee
is expressed as a weight of active ingredient per volume
of product.

Example 3. Suppose it is necessary to determine how much
active ingredient is in a 5 L container with a guarantee of 350 g
per L of product? The guarantee is a ratio of 350 g/l

active ingredient = ratio x total product
9

m x5L
=1750¢g
= 1.75 kg

There would be 1.75 kg a.i. in a 5 L container with a guarantee
of 350 g/L.

14
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Questions
1. What is the difference between the trade name and the 1.

CHAPTER QUIZ

common name of a pesticide?

2. What are the following pesticides used for: avicides, bac- 2.

tericides, miticides, molluscicides, redenticides?

3. Match the following types of pesticides with the most 3.

appropriate characteristics{grganophosphorous pesti-
cides, carbamate pesticid®s, o lorine pesticides,
triagine pesticides, phenoxy pesticidesp—
a) most are herbicides of low to moderate toxicity used for
weed control in grain crops.
b) fungicides and herbicides have fairly low toxicity,
insecticides have greater toxicity, most have
short persistence.
c) mos! are insecticides, some are very toxic, typically have
a short persistence.
d) some accumulate in fatty tissues and have a long per-
sistence.
e) all are herbicides of mild toxicity, taken up by plant
roots, residues from some have a long persistence

" in sail.

4. Name three types of pesticides, classified according to the 4.
way they affect pest species. |

5. Whatis the difference between a conlact pesticide and a 5.
systemic pesticide?

6. Name three types of solid pesticide formulations and three 6.

types of liquid pesticide formulations.

7. What is the name of the material incorporated in some 7.

pesticides so they will spread more evenly, penetrate inlo
or stick to target pests? J AN et ¢

8. Name two types of physical incompatibilites from mlxmg
pesucid and descnbe the msumng prot;l:x:

(g mre \S\:uld youal’md mfon*f‘? {80

pes ides Yed for agm:ullure?

. W}a‘( U Maigud «Lui lh

tions indicated on pmduct Iabels”

Nbﬁk’ iy v

“&e use classifica-

11. What would the following symbols represent cn a labet?

DANGER
POISON CORROSIVE

Answers

A trade name is given to a pesticide product by a manufac-
turer. A common name refers to an active ingredient which
may be incorporated in a number of products with different
trade names.

avicides — birds; bactericides — bacteria; miticides —
mites; molluscicides — snails, slugs; rodenticides —
rodents.

organophosphorous — ¢; carbamate — b; organcchlorine
—d; triazine — e; phenoxy — a.

Contact pesticides, systemic pesticides, foliar pesticides,
soil-applied herbicides, fumigants.

Contact pesticides produce an effect by direct contact; sys-
temic pesticides are absorbed and moved around inside
the plant or animal treated.

Solid formulations = dusts, granules, pellets, baits, soluble
powders, wettable powders, dry flowables, capsules,
flakes or tablets; liquid formulations = emulsifiable con-
centrates, water soluble concentrates, flowables, microen-
capsulated suspensions, ultra low volume concentrates,
aerosaols.

adjuvant

8. precipitate formation — plugs screens, nozzles; break in

;; emulsion — can cause spray injury

panbmty of !‘3“& :%'9. *Ministry of Agriculture and Fisheries Crop Production

Guides

10. Domestic, Commercial, Restricted

11. There is a high hazard due o the poisonous nature of the

chemical and it is slightly corrosive to the skin.

15



12. How much active ingredient is there in a 5 L container of 12. active ingredient = percent guarantee x total product
insecticide with a guarantee of 22%? = 2% x5L
Chapt. - 22 S
p =360
- =11L

13. How much active ingredient is there in a 2.26 kg package 13. active ingredient = percent guarantee x {otal product
of wettable powder herbicide with a guarantee of 80%? . = 80% x 2.26 kg

= —8-9-x2.26kg
100
= 1.808 kg

14. How much active ingredient is there in a 10 L container of 14. actlive ingredient = ratio x total product
insecticide with a guarantee of 215 g/L? =259 .00
1L

= 2,1509
= 2.15 kg

16
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There is a considerable amount of legislation in
Canada that deals with pesticides. it has been
developed to protect human heailth, non-target
plants and animals and environmental quality.

In this chapter the more important aspects of this
legisiation are briefly described.

FEDERAL LEGISLATION

PEST CONTROL PRODUCTS ACT

The Pest Control Products Act requires that
every pesticide product is registered by Health
anada's Pest Management Requlatory Age
(PMRA) before it can be sold or used in Canada.
In applying to the PMRA for registration of a
pesticide, a company must submit the following
kinds of data:
+ physical and chemical properties of active
ingredient(s);
o toxicology data including:
- acute oral, dermal, inhalation, skin and eye
irritation test;
- long-term oral toxicity studies on rodents and
possibly non-rodents; and

studies to assess effects on reproduction and
potential for teratogenicity, mutagenicity and
carcinogenicity; d

» residue on food crops including analytical
methodology and animal metabolism studies;

e environmental data on persistence and degradation
as well as effects on birds, mammals, aquatic
organisms, predators, parasites and honeybees;
and :

o efficacy data.

These data are reviewed by specialists who assess
many things including: efficacy; toxicology and residue
data; occupational, environmental and public heaith
concemns; and the pesticide’s persistence and fate in
the environment.

If all data submissions are acceptable, and the
pesticide is approved for use in Canada, it is assigned
a Pest Control Products Registration Number (P.C.P.
No. or Registration No.) which must appear on every
label. No pesticides without a P.C.P. No. may be sold
or used in Canada.

No pesticide may be used for any purpose or in any
ways other than those described on the label.

17




FISHERIES ACT

Two sections in the Fisheries Act can be used to
prosecute persons responsible for damage to fish or
fish habitat as a resuit of improper pesticide use.

One section of the Fisheries Act specifies that it

is an oftence to harmfully alter, gisrugt or destroy

Jish habitat. Fish habitat includes spawning grounds,
nursery, rearing, food supply and migration areas on
which fish depend directly or indirectly. Thus, care
must be taken to not kill streamside vegetation
which provides a source of food (e.g. terrestrial
insects) and shade, and preserves bank stability
and fish habitat.

Another section specifies that it is an offence to
deposit or permit the deposition of a deleterious

ubstance into i

Deleterious substances are those materials which
may directly or indirectly harm fish or fish habitat.
This section thus prohibits the unauthorized
introduction of pesticides into fish frequented
waters, either directly or indirectly, through airbome
drift ot surface runoff.

MIGRATORY BIRDS
CONVENTION ACT

Under this Act, the Migratory Birds Regulations
may be used to prosecute pesticide applicators for
causing harm to migratory birds. It is an offence to

allow the release of any substance hammful to
migratory birds into waters or areas frequented by
migratory birds. Pesticide apphicators must be
carelul 1o not apply pesticides toxic to birds on land

or water where exposure to migratory birds is
possible.

FOOD AND DRUGS ACT

Under authority of this Act, the Health Protection
Branch of Health Canada establishes maximum
residue limits (legally permissible amounts of
pesticide) that are considered to be safe levels of
pesticide residues in or on foods intended for human
use. The residues of pesticides remaining in focds
depend on many factors, including the type of
pesticide, amount applied, number of applications,
climatic conditions, soil type and the interval
between last application and harvest.

The Pest Management Regulatory Agency
specilies the minimum number of days between
pesticide application and harvest of food crops. This
pre-harvest interval is based on application rates
specified on the product label. Residues should
remain below the maximum permissible levels if -

pesticides are applied according to current label
recommendations and the appropriate pre-harvest
interval is used. If applicators use higher rates of
application, or harvest before the minimum harvest
interval, excessive residue levels may be present in the
harvested crop. Harvested crops that carry pesticide
residue in excess of the maximum residue limit are
subject to seizure by the Health Protection Branch.

PESTICIDE RESIDUE
COMPENSTATION ACT

Farmers whose crops have been seized by the
Health Protection Branch may be compensated under
the Pesticide Residue Compensation Act.
Compensation would only be granted if the pesticide
application and the pre-harvest interval wers in
accordance with label directions.

PLANT PROTECTION ACT

This Act is the responsibility of Agriculture and Agri-
Food Canada. The purpose of the legislations is to
prevent the introduction or spread of insects,
nematodes, plant diseases or other pests which may
be destructive to Canadian agricultural of forestry
crops. Agriculture and Agri-Food Canada can require
the treatment of a serious pest outbreak with a specific
pesticide.

BRITISH COLUMBIA’S
LEGISLATION

INTEGRATED PEST
MANAGEMENT ACT

The integrated Pest Management Act (IPM Act) and
Regulations eg_%blish conditions for the sale and use of
pesticides in British Columbia through a pesticide
classification system and [egulatory provisjons for
licences, certification, permits, pesticide use notices
and pesticide use notice confirmations. It also specifies
reporting, monitoring and enforcement requirements.

The IPM Act and Regulations were brought into
effect in December 2004 to replace the Pesticide
Control Act. The main changes in the new Act are
requirements for the use of integrated pest
management (IPM) and for the development of pest

18
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management plans for large-scale commercial uses
of pesticides.

Under the IPM Act, all pesticides used on public
land, private land used for forestry, public utilities,
transportation or pipelines, and all pesticides used
by pest control service companies must be used as
part of an IPM program. The IPM Act also requires
that a person not sell, use

transport, sto MLMW
manner that causes or is likely to cayse.an

unreasonable adverse effect.

Following is a summary of the IPM Act and
Regulations, provided here for training purposes.
The entire IPM Act and Regulations and related
information can be accessed through the website
http://wlapwww.gov.bc.ca/epd/epdpa/ipmp/index.html.

IPM Definition

The Integrated Pest Management Act defines
Integrated Pest Management (IPM) as a process for
managing pest populations that includes the
following elements:

e planning and managing ecosystems to prevent
organisms from becoming pests;

+ identifying pest problems and potential pest
problems;

¢ monitoring populations of pests and beneficial
organisms, damage caused by pests and
environmental conditions;

¢ using injury thresholds in making treatment
decisions;

¢ suppressing pest populations to acceptable
levels using strategies based on considerations
of:

- biological, physical, cultural, mechanical,
behavioural and chemical controls in
appropriate combinations, and

~ environmental and health protection; and
¢ evaluating the effectiveness of pest management

treatments.

IPM Use

A licensee, permittee or pesticide use notice
confirmation holder is required to conduct the
following IPM activities as part of the process of
using pesticides:

o attempt to prevent pest problems through non-
chemical means where appropriate;

¢ correctly identify pest species or pest complexes
to be managed;

e monitor to determine the presence and location
of pests;

+ determine treatment thresholds for each pest or
pest complex, and use of these thresholds to
determine when a pesticide may be used;

¢ select pest treatment methods based on
consideration of practical alternatives to pesticides
and the protection of human health and the
environment; and

¢ evaluate the effectiveness of pesticide use.

Classification of Pesticides

The IPM Act and Regulations establish classes of
pesticides, and requirements for licences, certification,
permits and pesticide use notice confirmation for each
class. The classification system utilizes definitions,
labelling and other standards for sale and use of
pesticides set out in the federal Pest Control Products
Act.

Pesticide classes under the IPM Act are:
¢ Permit Restricted: most strictly controlled, requiring

a permit for purchase or application;

s Restricted: requiring a pesticide applicator
certificate for purchase or use;

« Commercial: labelled for commercial use, all sales
and use must be recorded;

 Domestic: intended for use by non-professionals in
or around private homes and gardens; and

e Excluded: specified pesticides are assigned to this
class if the Administrator considers that there will be
no significant increase in risk to human healith or the
environment by not requiring certification, licencing,
permits or pesticide use notice confirmation for their
use or sale.

See the table on the following page for a summary
of requirements for each class of pesticide.

Pesticide Storage and Transportation

Pesticides must be stored in their original
containers, or in properly labelled containers designed
for pesticide storage. If a pesticide is not labelled by
individual package, any drum or tank used for storage
or transport must have a conspicuously displayed label
that shows the active ingredient common name, the
trade name, the pesticide concentration and the name
of the manufacturer or owner.

All pesticides — other than domestic pesticides —
must be stored separately from food intended for
human or animal consumption in a facility with
ventilation to remove vapours to the outside
atmosphere, signage. access and security measures. A

t - the outside of each door giving
as: “Waming:
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Fumigants, and other pesticides that release
vapours with a hign [MRArauon nazard (1.8., with a

*danger poison symbol on their 1abel), are not to be
stored in a facily that is within or attached to a
building where o reside.

Domestic pestic%es must be displayed or stored

in a manner that separates the pesticides from food
or drink intended for human or animal consumption.

Pesticides must be transported in a manner: that is
sufficient to prevent escape, discharge or unauthorized
removal of the pesticide from the transport vehicle; and
that prevents contamination of food or drink intended
for human or animal consumption, or of household
items such as fumishings, clothes, toiletries, or
bedding.

Summary of Requirements for each Class of Pesticide Under the IPM Act and Regulations

Pesticide Clagses
Requirements Permit:
Restricted Restricted Commaercial Domestic Excluded
Permit required for purchase and all uses , Yes No No No No
Applicator certificate required for purchase and all Yes Yes No No No
uses
Purchase must be recorded by Vendor Yes Yes Yes No No
Pesticide use licence required for use on public land
to manage pests of forests, structures, landscapes, or Yes Yes Yes Yes No
tation on Industrial sites *
Pesticide use llcence required for use on private
forest land, in rooms occupled as living
accommodation, or to the common area, in a muiti- Yes Yes Yes Yos No
| _resident bullding
Pesticide Use Notice and confiration of recsipt of
pesticide use notice required for specified pesticide
use on public land (greater than 20 ha per yr) or _ Yes Yes Yes Yes No
private land used for transportation or public utlities
Service licence required for fee-for-service
applications Yes Yes Yes Yes No
Applicator certificate required to supervise
applications to public land or on fee-for-service basis Yes Yes Yes Yes No
Vendor licence required for selling Yes Yes Yes Yes No
Dispenser certificate required for seiling Yes Yes Yes Yes No
Pesticide use permit required for uses of high
concem (e.g., aerial application over urban areas) Yes Yes Yes Yes Yes
Use must not cause an unreasonable adverse effect Yes Yes Yeos Yes Yes

Licences for Sale or Use of Pesticides

A vendor licence is required for the sale of any
non-Excluded pesticides labelled or designated for
domaestic, commercial or restricted use.

A pesticide use licence is required for:

e any person or company who provides a service
using pesticides;
¢ pesticide use on public l[and to manage:

- pests of structures, or landscapes;

- mosquito larvae using Bt on less than 1

ha/year;

- invasive plants (noxious weeds) on less than

50 halyear;

~ vegetation on industrial land on less than 20
halyear;

- forest pests on less than 20 ha/year of land used
for timber production or that is forested;

— to preserve less than 1000 wooden poles a year
on highway or public utility rights-of-way;

o pesticide use on private land:

- effective January 7, 2007, in rooms occupied as

living accommodation, or to “commen areas™' in

'an indoor area that may be accessed by all cccupants,
inside a private or publicly owned multi-residence building
and outdoors, on a multi-residence property, within 5 m of a
residence, or in areas used for recreation or resident

_passage.
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a “multi-resident” building with four or more
residences;

- to manage vegetation on less than 20 ha per
year of land used for public utilities,
transportation or pipelines; or

- to manage forest pests.

To be eligible for a licence, an applicant must:

« hold appropriate certification®, or have one or
more employees who hold such certification;

* have an office for conducting business with an
address in BC; and

* identify the location where pesticides are stored,
business is conducted and records kept.

The Administrator may suspend or revoke a
licence for failure to comply with regulations. A
licence is not transferable without the written
authorization of the Administrator and a licensee
may only sell pesticides at the place of business
identified on the licence application. The
Administrator is to be informed of a change of
address in the licensee’s place of busmess within 30
days of the change.

Certification for the Sale or Use of
Pesticides

A certificate is required for any person:

o selling any pesticide other than excluded
pesticides;
using permit restricted or restricted pesticides;
supervising the application of any pesticide, other
than excluded pesticides, used by the holder of a
licence, pesticide use notice confirmation or
permit (information on pesticide use notice
confirmation and permits is in following sections
of this chapter).

To be eligible for certification or recertification, a
person must be at least 16 years of age and have
successfully passed a designated examination or
completed specified continuing education
requirements.

The main dispenser certificate categories are:

¢ domestic pesticides — to sell domestic pesticides;

o commercial pesticides - to sell any pesticides
including those with commercial and restricted, and
permit restricted classification.

The main applicator certificate categories are:
e agricuiture - to manage pests and diseases of
agricultural crops;
o forestry — to manage forest pests ;

2 see “Centification for the Sale or Use of Pesticides”

¢ industrial vegetation and noxious weed - to
manage weeds on highway, powerline, pipeline,
public utility or railway rights-of-way and on
industrial lands and to manage weeds designated
as noxious under the Weed Control Act;

¢ landscape — to manage pests on and around
ormamental plantings;

s mosquito and biting fly — to manage mosquitoes or
biting flies;

e product fumigation — to manage pests of structures
or stored products using fumigants; and

o structural - to manage insects, rodents and birds
which invade or damage structures.

The sale or use of a pesticide classed as excluded
does not require a certificate.

Licensees, pesticide use notice confirmation holders
and permittees must ensure that pesticides are used or
supervised by certified applicators who are certified in
the appropnate category. A certified appucator may

A copy of the cemf' ed lndlwdual'scemftcate mu'st be
available for inspection at the place and time of
pesticide sale or use.

Pesticide Sales, Purchases and Use

A licensee must not sell a pesticide to a person who

is under 16 years of age. Only a certified applicator or
their agent mav purchase a permit restricted or

restricted pesticide.
Any licensee selling pesticides must ensure that a
certified individual is available on the licensee's

premises to:

o assist with pesticide handling, storage and
emergency response;

s advise purchasers that pesticides can only be
lawfully used to manage pests listed on the
pesticide label and that label directions must be
followed; and

¢ provide advice to purchasers regarding the use of
IPM and safe use of a pesticide.

Pesticide Use Notices and Confirmation

The following uses of pesticides will require filing a
pesticide use notice (PUN) with the Ministry of Water,
Land and Air Protection and receiving back a
confirmation of the notification prior to any pesticide
use:
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to manage forest pests for the production of
timber on public lands where pesticides are
applied to more than 20 ha per year;

for managing mosquitoes using a bacterial
pesticide on more than 1 ha of land per year;

the management of mosquitoes other than with a
bacterial pesticide;

to manage invasive plants (noxious weed
control) where the area of use is greater than 50
ha per year,

to manage vegetation on railway rights-of-way,
yards and associated facilities on more than 20
halyear;

to manage vegetation on road, power
transmission, and pipeline rights-of-way on more

* than 20 ha/year; and

to manage vegetation on other industrial sites on
public land where the area to which pesticide is
applied is greater than 20 ha per year;

to preserve more than 1000 wood poles per year
on highway or public utility rights-of-way.

A PUN must include the following information:
name and contact information of the applicant;

o category of pest management;

a description of the geographic area where
pesticide use is proposed;

a list of the active ingredients of the pesticides
proposed for use;

whether aerial application of a pesticide is
proposed as a treatment method;

the location(s) where detailed pest management
plans (see below) may be viewed and copied;
the maximum area, or the maximum number of
poles, on which pesticide is to be used within any
one calendar year;

the fee appropriate to the maximum area, or
maximum number of poles, on which pesticide is
to be used within any one calendar year; and

a declaration, signed by the applicant, that the
pest management plan was prepared according
to regulations, that pesticide use will be
conducted according to regulations, and that IPM
will be practiced.

Pest Management Plans (PMP) required for a

PUN must include details on the following:

the geographic boundaries within which pest
management will take place;

maps of proposed pesticide use areas;

the name of the person or legal entity
responsible for managing the pests in the land
area, principle contact and contact information;
a description of the planning and management
activities that will be used to prevent pest
problems;

o the names of correctly identified targeted pest
species or pest complexes;

¢ a description of the monitoring strategy (including
methods, frequency of monitoring, and data to be
collected);

« the specified thresholds to be used in deciding
whether a pesticide treatment is warranted
(including an explanation of how thresholds were
determined and how they will be used);

¢ the treatment options (including a description of the
pesticide and non-pesticide controls that may be
used, the rationale for the selected control methods,
the benefits and limitations of each control method,
and a description of the decision making process for
using differing treatment methods in different
circumstances);

¢ a description of the monitoring strategy (including
the data to be collected to evaluate the
effectiveness in preventing pest damage and the
extent of undesirable impacts);

o pesticide handling practices (including:
transportation methods and precautiorss; safe
storage, practices for mixing, loading and applying
pesticides; procedures for the disposal of empty
pesticide containers and residual products or mixed
pesticide; and pesticide spill procedures);

« environmental protection practices (including: the
strategy to protect community watersheds, and
domestic and agricultural water sources, from
pesticide contamination; the strategy to protect fish
and wildlife, wildlife habitat and riparian areas from
the effects of pesticides; the strategy to protect
humans from consuming food or water
contaminated by pesticide within the PUN area;
procedures for maintenance and calibration of
pesticide application equipment; and procedures to
monitor weather conditions and how pesticide
application will be modified in relation to weather
conditions); and

» application procedures for each pesticide (including
the application method to be used, and the type of
application equipment and its deployment).

A PUN confirmation holder is required to submit to
the Administrator an annual notification of intended
pesticide use indicating proposed treatment(s) and
location(s) of treatment, at least 21 days prior to the
commencement of pesticide use for each calendar year
of the term of the PUN confirmation. The notification
must include diagrams, maps or map references of an
appropriate scale to identify the locations of proposed
pesticide use, and be consistent with the information in
the associated PUN and confirmation.

The process of preparing and confirming a PUN is
summarized in the chart on the following page.
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Pestlicide Use Notice Confirnation Process

To stan, and prior to compiation of a 5-year
term of PUN

L Prepare Pest Managament Plan (PMP) |

| Undortake appropriate consutatons |

Prepare revised PMP addressing consuitation
comments
L 2
Submil pesticide uso notce to ministry
indicating completion of PMP
. 2
Receiva confirmation of receipt of Pesticide
Use Notice from ministry (PUN confirmation)
v
Submit to Administrator, annual notice of
intendad pesticide use and notify othar parties
as required for annual use af pasticides
v

[ ProceedwimiPMandpesticidewse |

Y

Maintain and submit to the Administrator
annual summary of pesticide use

Pesticide Use Permits

A permit for use of pesticides is required for:

e use of a permit restricted pesticide;

o aerial application of a pesticide;

¢ pesticide application on public land, or on a body
of water that is not human-made and self-
contained, other than those uses requiring a
licence or PUN confirmation®; or

e pesticide use that requires a lncence or PUN
confirmation for which a deviation is requested
from requirements for preparation of a PUN
consultation, notification or pesticide use®.

3 Except for aerial application on land used for agriculture
or application of a pesticide whose main active ingredient
is a biological organism, or glyphosate (if applied in
accordance with requirements set out in a Pesticide Use
Notice and PMP registration, or a licence). Aerial
apprcalion of any pesticide over urban areas, however,
does require a permit.

4 This includes pesticide uses on public land for which no
standards have been prescribed, unless the use is
research that follows requirements under the federal Pest
Control Products Act.

*The permit required in this case is for the deviation and
would be in additfon to the requirement for a licence or a
PMP and PMP registration.

Permit applicants must:

have an office with an address in B.C.;

submit to the Administrator, proof that required
consultation has been provided for;

submit to the Administrator, a description of any
proposed actions in response to comments received
during consultation; and

if required by the Administrator, submit a pre-
treatment evaluation.

Public Consultation Requirements

Consultation with the public in regard to use of

pesticides is required:

by a permit applicant;

as part of preparing a PUN; and

by a licensee applying pesticides to more than 20
ha of land used for timber production, managed by
a single entity.

These consultation requirements include:

placing advertisements with specified information in
newspapers in the vicinity of the proposed pesticide
use area;

making all reasonable efforts to contact and consult
with individuals and organizations who may
potentially be significantly impacted by the pesticide
use activities proposed in the PMP;

making the proposed and revised PMP available to
any individual or organization that requests it from
the proponent.

allowing at least 30 days for individuals to respond
to information provided to them;

evaluating comments prior to finalization of plans or
proposed actions;

retaining records of: the newspaper advertisements
used to publicize the proposed PMP; efforts made
to contact relevant representative organizations; all
public comments made in response to the proposed
PMP; and the proponent’s response to public
comments;

for private forest land, if pesticide is to be applied
within 150 m of an adjacent property, notification
must be given to the adjacent property owner,
occupant or manager at least 14 days prior to
pesticide use and must include a request for
information conceming the location of any wells,
water intakes or land uses that may require
protection.

Note: It is anticipated that specific requirements to

consult First. Nations will be added to the Integrated
Pest Management Act Regulations in 2005.
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Public Notification Requirements

The Integrated Pest Management Act regulations
include requirements for notification of the public,
property owners and residents prior to pesticide use
by licensees, permittees, and PUN confirmation
holders. The regulations also include specific
requirements for notification of people who may
enter the following treated areas:

+ living accommodations;

« common areas® of multiple residence buildings;
or

e outdoor landscaped public use areas’.

Posted treatment notices for these areas are to
have the following characteristics:

¢ signs posted in outdoor areas must be at least
550 cm? in size (i.e. letter size);

» signs posted in indoor areas be at least 200 cm?
in size;

¢ be constructed of water-resistant material where
exposed to potential rain or sprinklers;

e use type or letters of sufficient size and clarity to
be clearly legible prior to entry into areas of
pesticide use;

¢ contain a cautionary symbol (such as a stap sign
or raised hand) that draws the attention of people
that may enter the treatment area; and

¢ in bold letters state the words “NOTICE OF
PESTICIDE USE" (or alternatively, the category
of pesticide (e.g., “insecticide, “herbicide”) in
place of the word “pesticide”).

Treatment notices for these areas must contain
the following information:

e a description of the area to be treated;

o the name of the target pest;

e names of pesticides to be used including active
ingredients and Pest Control Products Act
registration number;
date and start time of the proposed application;
alternative dates and times of proposed
application (if necessary);

« name and licence number of the service licensee
and the phone number at which the licensee or

6 “Common areas” include hallways and utility rooms in
apariments and condominiums, outdoor areas within 5 m
of a multi- residence building and trailers or campsites in
trailer parks or campgrounds, and play areas or walkways
of such properties.

7 an outdoor landscaped area of public land that is
maintained use for recreation or public passage.

% An indoor area that may be accessed by all occupants of
a building with two or more residences, or an ouldoor area
of such a property that is within 5 m of a residence, or an
area maintained lor recreation or resident passage.

an employee can be reached to obtain more
information;

precautions, including a statement that indicates the
period of time following treatment during which
people should not enter the treated area and any
additional precautions needed to minimize exposure
to the pesticides or residues; and

days-to-harvest information where food crops are
treated.

Specific notification requirements for other

pesticide uses include:

a. PUN Confirmation Holders

prior to pesticide use, clearly visible and legible
signs are to be posted at each treatment area
approach that is maintained for public access;

the signs must not be removed for a minimum of 14
days following treatment;

treatment notices must include:

- the trade name or active ingredient of the

pesticide that will be used;

- the date and time of pesticide use;

—~ precautions to be taken to prevent harm to

people entering the treatment area;

~ the PUN confirmation number;

- how to contact the PUN confirmation holder;
notification must be given to those individuals or
agencies who were offered direct notification during
the consuitation to finalize the PUN;
prior to pesticide use for adult mosquito control the
registrant must notify the public of the intended
pesticide use by means of an advertisementin a
newspaper circulated in the treatment area, radio
broadcast, and/or direct notification of appropriate
residents and property owners or managers.

b. Licensee use in living accommodations
notices must be given in writing to the occupant and
to the building owner or manager, or their
representative at least 72 hours prior to the
pesticide use;

where an occupant cannot read English, notices
must be written in a language that the occupant can
read, or conveyed verbally in a manner
understandable to the occupant;

the time between treatment notice and treatment
may be reduced, if agreed to by the occupant and
building manager;

for living accommodation that is unoccupied when
treatment occurs, a treatment notice must be posted
or notice given to any person who becomes an
occupant within 48 hours after treatment.

c. Multi-residence common areas®
the building manager, must been given a treatment
notice at least 48 hours prior to pesticide use;
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o each person with access to the common area
must be given a treatment notice, or a treatment
notice must be posted at each entrance to an
indoor treated area and at all gates or openings
leading to outdoor treated areas at least 48 hours
prior to, and 48 hours following, pesticide
application;

o if agreed to by all persons with access to the
area, the time before treatment that a treatment
notice must be provided may be reduced.

d. Multi-residence restricted access areas'

¢ the building manager must been given a
treatment notice immediately following pesticide
use; and

¢ atreatment notice must be posted immediately
following pesticide use or a treatment notice
must be given, prior to access, to anyone who
may enter the treated area within 48 hours after
the treatment.

e. Pesticide use under permit

e acopy of the permit and any relevant maps must
be available for inspection by the public within
the vicinity of the location where the pesticide is
to be used;

o the permittee may also be required (under
direction of the Administrator) to issue or publish
a notice of the relevant details of the permit to
those people who may be affected by the use of
the pesticide;

o direct notification of specified groups or
individuals may also be required.

Record Keeping Requirements

A. Sales Records
Licensees are required to maintain a record of

sales of all pesticides except those pesticides

classed as domestic or excluded. The record must

include:

o the date of purchase;

e the purchaser’s name, address and telephone
number;

« for restricted or permit restricted pesticides, the
purchaser’s applicator certificate number;

« the certified dispenser's name and certificate
number; and

19 An indoor or outdoor area of a multi-residence property
that is not being used for living accommodation and is not
readily accessible to the general public or most building
users. This would include a common area to which access
can be restricted until after applicable post-treatment re-
entry and ventilation periods have elapsed.

o pesticide trade name, Pest Control Products Act
registration number, container size and number of
containers.

The records must be kept up to date, retained for at
least three years, and available at the licensee’s office
location for examination by an inspector at any time.

An annual summary of pesticide sales must be
submitted to the Administrator before April 1 of every
year (for the previous calendar year’s sales). The
annual summary is to include information for all
commercial, restricted and permit restricted class
pesticides sold by the licensee, including: each
product’s trade name, Pest Control Products Act
registration number and active ingredient; and the total
litres or kilograms of each pesticide sold (by trade
name).

B. Use Records"

Pesticide users are required to maintain records of
pesticide use for each location and day of use that
include:
¢ the client’s name and address (when a pesticide is

applied on a fee-for-service basis), or the name and

address of the person who owns or manages the
land where the pesticide is used (when a pesticide

is applied on a non-service basis), or t
¢ the number of the permit, PUN confirmation or

licence of the person for whom the service was

performed, if applicable;

o the applicator’s or supervising applicator's name
and certificate number;

o the date and time of use;

the name of the pest or purpose for using the

pesticide;

o pesticide trade name and Pest Control Products

Act, registration number;

o the method and rate of application and total quantity
of each pesticide used;

+ the temperature, precipitation and wind velocity and
direction during outdoor applications;

¢ pest monitoring methods and treatment thresholds
used to fulfill IPM requirements (unless recorded as
part of a permit or PUN); and

¢ adbvice given to the owner, manager or cccupant on
the land or property where the pesticide was used,
including the re-entry period, days-to-harvest
information (where applicable), and any additional
precautions taken to minimize exposure to the
pesticide;

¢ alicensee who reduces the 30 m no-treatment zone
around wells must record the information on which
that decision was based;

"' Forms for recording and reporting pesticide use are
available on the internet at:
http/Awlapwww.gov.be.ca/epd/epdpafipmp/iorms1.himl
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information (where applicable), and any
additional precautions taken to minimize
exposure to the pesticide;

* a licensee who reduces the 30 m no-treatment
zone around wells must record the information
on which that decision was based;

 licensees who perform annual forestry pesticide
applications on more than 20 ha of land
managed by a single entity, and all PUN
confirmation holders must also keep records of:

— pest monitoring results including
information on pest population levels and
damage caused by pests;

- the effectiveness and impacts of pesticide
treatment;

— how public notification was given and
where notices were posted;

- asummary of the public responses to the
public consultation;

— asummary of responses given by the
licensee, PUN confirmation holder or
permit holder;

~ equipment calibration records showing
when the equipment was calibrated and the
data upon which the calibration was based.

Records must be retained for three years from
the date of pesticide use. The records must be
made available upon request at the Licensee’s or
PUN Confirmation holder’s office location for
examination by an inspector at any time.

An annual summary of pesticide use must be
submitted to the Administrator before January 31 of
every year for the previous calendar year's use. The
annual summary is to include information for all
pesticides used including: each product’s trade
name, Pest Control Products Act registration
number and active ingredient; and the total litres or
kilograms of each pesticide used (by trade name).

The annual summary of a pesticide service
licensee must provide separate records of the
information required for those pesticides used for
another licensee or permit or PUN confirmation
holder and those pesticides used for a person who
did not require a licence, permit or confirmation for
the use.

Standards for the Protection of Human
Health and the Environment When Using
Pesticides

The IPM Act Regulations specify certain
standards that apply to any person using pesticides.
These include:

pesticides must be used only in a manner that
minimizes hazards to human health and the
environment;

no one may wash or submerge in a body of water,
equipment or a container used to mix or apply a
pesticide; and

no one is to fill a container used for mixing or
applying a pesticide directly from a body of water or
irrigation system unless an air gap is maintained
between the pesticide and the equipment used to
draw the water.

All licensees and PUN Confirmation Holders will

be expected to:

apply pesticides only in accordance with integrated
pest management principles;

ensure that pesticide users working under
supervision of a certified individual are informed of
the treatment location, requirements for personal
protection and the pesticide use procedures
required to protect human health and the
environment;

ensure that all application equipment is in good
working order and calibrated (if required) to ensure
pesticides are used at pesticide label use rates;
conduct an inspection of the treatment site to
ensure that the applicable regulatory requirements
and standards can be met;

for aerial pesticide uses, the pilot will be expected to
conduct a pre-treatment inspection of the proposed
treatment area to ensure familiarity with the
boundaries and other critical features of the target
area);

take precautions to prevent bystander exposure to
pesticide spray;

not apply a pesticide within 30 m of water wells and
domestic water intake, unless it is determined with
reasonable certainty by the licensee or PUN
Confirmation holder, that water contamination will
not occur;

ensure that a minimum 10 m pesticide-free zone
(measured horizontally) is maintained along all
water bodies, classified wetlands'' and wet or dry
streams, unless otherwise prescribed;

use the highwater mark of water bodies and
watercourses as the starting point for measurement
of pesticide-free zones;

provide adequate no-treatment zones between the
boundary of pesticide use and the pesticide free
zone to ensure that the pesticide-free zones are
maintained when pesticides are applied

take appropriate precautions to ensure that
pesticides are used in a manner that protects

1! Classified wetlands are defined as a wetland in class W1,
W2, W3, W4 or W5 prescribed under the Forest and Range
Practices Act
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« establish an appropriate distance between an
outdoor pesticide treatment area and adjacent
properties, to prevent release of pesticide spray
or runoff into adjacent property;

o take appropriate precautions to avoid application
of pesticides over vertebrate wildlife or domestic
animals that are visible to the applicator;

¢ not apply outdoor pesticide sprays when wind
speeds exceed 8 km/hr, based on wind speed
measurements at the time and location of each
use;

o conduct all outdoor pesticide spraying only
during daylight hours between 30 minutes before
sunrise and 30 minutes after sunset (with the
exception of mosquito adulticiding);

e not use residual pesticides on any soils saturated
with water, or when heavy rainfall is imminent or
occurring,;

e not spray pesticides on vegetation that has ice,
frost or flowing water on target foliage (unless
such use is specifically allowed for on the
product label); and

» ensure that herbicide treatments are conducted
in a manner sufficient to maintain vegetation
needed to prevent stream bank erosion or debris
transport that would result in significant
downstream negative impacts to water bodies,
and to prevent the loss of vegetation needed to
maintain the stability of slide tracts.

In addition to the above standards for all
licensees, PUN confirmation holders must ensure
that, during pesticide use, all pesticide applicators
have access to maps, diagrams or other appropriate
visual indicators of the intended boundaries of
pesticide use. These maps, diagrams, documents or
visual indicators are to contain the location of any
pesticide free zones, no-treatment zones and
features that may require protection.

All PUN confirmation holders and forest pest
management licensees must also conduct required
monitoring activities on which treatment is based
within 18 months prior to treatment.

A holder of a PUN confirmation for pest
management on railways and railway facilities is
specifically required to:

+ apply pesticides using only ground operated
application equipment;
¢ not apply pesticides to any Rubus spp.

(raspberries and blackberries) that are greater

than 3 m away from rails, signals and switch

stands for the period from opening of flowers

until the berries are predominantly dropped from the
vines;

¢ when shrouded booms are used, not apply
pesticides when wind speeds exceed 16 km per
hour;

* not apply pesticides from a vehicle moving at a
speed greater than 16 km per hour, except where
shrouded booms are used (in which case the
vehicle may move at a speed up to 30 km per hour);

e for the treatment of ballast and railway yards and
individual tree treatments along the right-of-way,
maintain a minimum 1 m no treatment zone along
any temporary freestanding water body that:

- is not fish bearing at any time of the year; and
- does not drain into fish bearing waters'*; and

+ take sufficient measures to prevent pesticide
deposition below the highwater mark of water
bodies and streams when using wood preservatives
on railways'®.

A licensee and holder of a PUN confirmation holder
for control of invasive plants and noxious weeds
must:
¢ not use herbicides intended for the control of

invasive plants or noxious weeds beyond 1.5m of

targeted plant species; and

« make efforts to identify and protect active release
and collection sites of biological invasive plant
control agents.

A licensee and holder of a PUN confirmation for use
of pesticides for contro! of mosquitoes is required to:
* not use mosquito larvicides in permanent fish-

bearing waters or in waters that have permanent

direct surface water connections with fish-bearing
waters;

+ apply larvicides to water bodies only where water
dip samples have confirmed the presence of larvae
above established treatment thresholds;

» document the efficacy of larvicide use by pre-
treatment and post-treatment larval samples;

e conduct spraying for adult mosquito control between
sunset and sunrise;

¢ not use propoxur in wildlife management areas,
wildlife or bird sanctuaries, ecological reserves, or
other critical habitat; and

» advise residents within 200 m of ground based
adulticiding operations, in writing at least 72 hours
prior to the proposed treatment, of the proposed
treatment and precautions to be taken to minimize
exposure to the pesticide.

Y4 This is an exception to the 10 m pesticide free zone
required for pesticide uses in other situations.

*® Use of wood preservatives on railways is exempted from
other provisions pertaining to pesticide free zones, wind
speed, signage requirements, application vehicle speeds and
post-treatment inspection.
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Standards That Apply To The Use Of
Particular Pesticides

Requirsments for human health and
environmental protection may be adjusted for
individual pesticides if the product is proven to have
such characteristics as low toxicity or low
leachability, or if the product has characteristics that
require specific directions for handling or
application.

A. Glyphosate in situations other than forest
vegetation management

A minimum 5 m pesticide free-zone must be
maintained.along all water bodies that are fish
bearing at any time of year, or drain directly to fish-
bearing waters. This distance may be reduced to 2
m for:
¢ railway ballast, signal, switch and yard areas;

o other industrial areas to be maintained as
vegetation-free; or
« when selective application methods are used.

The distance may also be reduced to 1 m for
control of noxious weeds and invasive plants,
provided that selective application methods are
used between 1 m and 10 m from the highwater
mark of applicable water bodies.

For non-fish bearing waters, glyphosate may be
applied:

« up to 2 m from the highwater mark along all
water bodies that are not fish bearing at any time
of year and do not drain directly to fish-bearing
waters;

¢ up to but not within the highwater mark of
temporary free standing water bodies that are not
fish bearing at any time of year and do not flow
directly into fish bearing water bodies; or

» over dry streams that are not fish bearing at any
time of year and do not drain directly into fish
bearing water, at any time of year.

B. Glyphosate for forest vegetation management

A licensee or holder of a PUN confirmation for
forest vegetation management is required to
maintain a minimum 10 m pesticide free zone along
all water bodies, streams and classified wetlands,
except:

» for control of noxious weeds and invasive plants,
in which case the minimum pesticide-free zones

to be maintained can be reduced to 1 m,

provided that selective application methods are

used in areas between 1 m and 10 m from the
highwater mark;

¢ along a water body or wetland that is non-fish
bearing at any time, in which case the pesticide
free-zone may be reduced to 2 m provided that
selective application methods are used in areas
between 2 m and 10 m from the highwater mark;

* along any temporary free-standing water body that
is: not a wildlife habitat feature; is non-fish bearing;
and does not drain into a fish bearing water body
within 100 m, in which case giyphosate may be
applied up to but not below the highwater marik;

« along any temporary free-standing water body that
is: not a wildlife habitat feature; non-fish bearing;
does not drain into a fish-bearing water body or
stream within 100 m; and is either not a wetland or

is less than 25 m?, in which case glyphosate may be

applied up to and within the highwater mark;

* along any dry stream that is not: a wildlife habitat
feature; and not fish-bearing when wet, in which
case glyphosate may be applied up to and within
the highwater mark.

C. Baclllus thuringiensis var. kurstaki (Btk) and
Bacillus thuringiensis var. israeliensis (Bti)

Specific provisions pertaining to protection of human

health and the environment do not apply to the use of
Btk and Bti by a licenses or holders of a PUN
confirmation. These excluded provisions include those
conceming: prevention of contamination of water; no
treatment zones around wells; signage around
vegetation; notification of graziers; and protection of
vertebrate wildlife.

D. Use of fumigant gases

A licensee or holder of a PUN confirmation is
required to:
s monitor every application of fumigant gases for
leaks, treatment efficacy, safe re-entry conditions,
and safe levels of human exposure (when fumigant

is released into or immediately adjacent to buildings

or spaces where people may be present);

o restrict entry to treated areas by unprotected
persons until fumigant gas concentrations are
determined by the certified applicator to be at safe
levels; and

e ensure that any release of a fumigant gas into the
atmosphere during aeration activities is done in a
manner that prevents human exposure to
hazardous concentrations of fumigant.

E. Rodenticide baits

A licenses or holder of a PUN confirmation will be
required to apply redenticide baits in a manner that
ensures that unauthorized people and non-target
animals cannot access them or that they are used in
rigid-wall bait containers that are secured to prevent
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unauthorized access, tipping or removal. When bait
containers are used, the following information must
be listed on the inside or outside of the container lid:
- the word “Poison”;
~ contact informaticn for the applicator; and
- the pesticide active ingredient name and/or
Pest Control Product Act registration number.

For applications in areas occupied as living
accommodation, or in common areas that may be
accessed by children, the applicator must ensure
that the bait:

e conlains a bittering agent, such as denatonium
benzoate; and

¢ is removed from the treatment area after
completion of a baiting program.

F. Use of slug bait in landscape pest
management

A licensee or holder of a PUN confirmation will
be required to deploy slug bait that may be
hazardous to children, domestic animals or wildlife
in bait stations that are resistant to tampering by
children or animals, or to apply the bait in areas that
are inaccessible to humans and bait-sensitive
animals.

ENVIRONMENTAL
MANAGEMENT ACT

The Environmental Management Act identifies
powers of the Minister of Water Land and Air
Protection This relates to pesticide use in an indirect
way. Where the Minister considers that an
environmental emergency exists (e.g. from a
pesticide accident), the Minister may order that the
hazard be reduced. The cost for this work will be
charged to the person responsible for the
environmental emergency.

The Hazardous Waste Regulations of the
Environmental Management Act prohibits the
introduction of wastes into the environment.
Disposal of empty pesticide containers and pesticide
contaminated rinse water is regulated under the
Regulation. It requires that pesticide containers
must:

s be emptied;

e rinsed out as specified (details are given in
Chapter 5 under disposal of pesticide
containers);

o recycled or disposed of in an approved landfill
(details are given in Chapter 5).

Waste produced by cleaning pesticide
application equipment or by rinsing product

containers must be used in mixing a product solution
for pest control use.

The Environmental Management Act also
establishes that an Environmental Appeal Board will
hear appeals to decisions under any provincial
environmental regulations.

MUNICIPAL AND REGIONAL
DISTRICT LEGISLATION

Within the province, a number of regional districts,
municipalities and towns have bylaws regarding the
use of pesticides and the control of weeds, insects,
plant diseases and rodents. Applicators should inquire
about local bylaws dealing with pests or pesticide use
which might be important in their type of pest control.

TRANSPORTATION OF
DANGEROUS GOODS ACT

The Transportation of Dangerous Goods Act and
Regulations, administered In British Columbia by the
Ministry of Public Safety and Solicitor General, are
intended to protect people and the environment from
the hazards of accidental spills of dangerous goods.
Among other things, the regulations require that:

* people transporting dangerous goods be properly
trained and certified;

» a shipping document (including the proper shipping
name, UN number, class and packing group)
describes the dangerous goods;

o safety marks such as labels and placards are used
to provide visual clues about the hazards of the
dangerous goods; and

e emergency actions protect people and the
environment in case of a spill or leak.

Everybody who transports pesticides on public-
access roads must familiarize themselves with the
requirements applicable to the specific pesticides and
quantities of pesticides they will be transporting. Some
pesticides are not considered dangerous goods under
the regulations but specific requirements do apply to
the transportation of other pesticides. To determine if a
pesticide is considered a dangerous good or not,
consult your pesticide distributor and the Canadian
MSDS. '

The Transportation of Dangerous Goods regulations
can be viewed on the web site:
http://www.qgp.gov.bc.ca/statreq/req/T/203 85.htm

The BC regulations adopt most of the federal
regulations which can be viewed at:

http://www.tc.gc.ca/acts-requlations/GENERAL/T/tdg/
requiations/tdq001/part 1.htm.
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WEED CONTROL ACT

The Weed Control Act is the responsibility of the
Ministry of Agriculture, Food & Fisheries. This act
makes it a requirement to control and prevent
spread of weeds designated as noxious in the
province or in specific regional districts. Noxious
weeds are generally those which pose a threat to
farm crops. Inspectors may request that noxious
weed control be performed on specific properties
and, if no action is taken, can have the work done
and the costs charged to the landowner.

WILDLIFE ACT

This Act is the responsibility of the Witdlife
Program of the BC Ministry of Water Land and Air
Protection. It states that is an offence to destroy or
damage wildlife or wildlife habitat in a wildlife
management area and that a poison may not be
used to hunt or kill birds, threatened or endangered
animals or fur bearing animals or game species.
The only exception is when a pesticide is used for
an approved predator control program conducted by
staff of the Wildlife Program.

WORKERS’' COMPENSATION
ACT

Under authority of the Workers’ Compensation
Act, the Workers' Compensation Board (WCB)
enforces the Industrial Health and Safety
Regulations. These Regulations apply to work
places governed by the Workers’ Compensation
Act. Sections of these Regulations deal with
pesticides.

The Regulations require, among other things,
that:

e workers applying moderately toxic or very toxic
pesticides hold a valid pesticide applicator
certificate or be training to become certified;

e workers be equipped with and wear appropriate
protective clothing;

o atleast one change of outer clothing be available
for each worker at the mixing and loading site;
shower facilities be available for applicators;

¢ pesticide MSDS are readily available to all
workers;

e written procedures are developed for handling
and cleanup of pesticides;

e appropriate warming signs are posted';
» restricted entry intervals are enforced. -

Industrial Health and Safety Regulations specific to
pesticide use can be viewed on the web site
hitp://requlation.healthandsafetycenter.com/s/
Part6.asp#SectionNumber:6.70.

Figure 9. WCB acceptable entry warning sign for an
area where pesticide has been applied

2
WARNII\}

NAME OF PESTICIDE
DATE OF APPLICATION
DO NOT ENTER UNTIL

Note: Figures 4 — 8, inclusive, were removed during
the 2004 editing of this chapter.

'® Whenever a field or enclosed structure is sprayed with a
moderately toxic or very toxic pesticide, the employer must
post suitable waming signs at normal points of entry before
spraying begins. The signs must have a danger (skull and
crossbones) symbol and must indicate the pesticide used, the
date sprayed, the re-entry date and emergency telephone
numbers (see Figure 9)
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CHAPTER QUIZ

Questions

1. What federal Act requires registration of pesticides?

2. Does a pesticide manufacturer have to show efficacy
as well as human safety when applying for product
registration?

3. Is an applicator limited to uses fisted on a pesticide
label?

4, What precautions are required when applying
pesticides to ensure compliance with the Fisheries
Act?

5. Could a pesticide applicator be held responsible for
harming birds which land in treated fields?

6. What are ‘'maximum residue limits', who sets them,
and what happens if they are exceeded in food
crops?

7. How do you determine what procedures are required
for transport of a specific pesticide under the
Transportation of Dangerous Goods Regulations?

8. What is the provincial Act that regulates pesticide
use in B.C.?

9. In B.C., permit restricted class pesticides are the
(most or least) hazardous? What is required to
purchase these pesticides?

10. Can anyone sell domestic class pesticides in B.C.?

11. When must a pesticide use notice be confirmed?

12. Who needs a pesticide use licence to apply
pesticides in B.C.?

13.Is it necessary for a pesticide use licence holder to
keep a daily record of pesticide use?

14. Who requires certification to apply pesticides in
B.C.?

15. When is a pesticide use permit required?

Answers

1. Pest Control Products Act

2. Yes. Registration of a new product requires data on
safety to humans and the environment as well as
data to show it will be effective for specified uses.

3. Yes. A pesticide may not be used for purposes not
listed on the label.

4. An applicator must prevent contamination of a water
system where there is any possibility of hamming fish
or fish habitat.

5. Yes. Under the Migratory Birds Regulations, itis an
offence to harm migratory birds. Also, it is an offence
under the Wildlife Act to kill any wildlife without
authorization.

6. Maximum residue limits are set by Health Canada
and are the maximum levels of pesticides in foods
which are considered safe for human consumption. If
these limits are exceeded, crops are subject to
seizure by the federal Health Protection Branch.

7. Al people transporting dangerous goods must be
trained and certified. Training addresses required
procedures for transportation of dangerous goods.
To determine if a particular pesticide is considered a
dangerous good or not, consult the MSDS and the
pesticide distributor.

8. Integrated Pest Management Act.

9. Most Hazardous; a pesticide use permit and an
applicator certificate are required to purchase permit-
restricted pesticides.

10. No, Domestic Class pesticides must be sold by a
certified pesticide dispenser.

11. A PUN plan must be confirmed before a pesticide is
used: on more than 20 ha of public land per year; to
manage vegetation along transportation or public
utility rights-of-way on more than 20 ha per year; to
control adult mosquitoes on public land or mosquito
larvae in bodies of water larger than 1 ha that are not
human made and self-contained; and to manage
invasive weeds where the area of use is greater than
50 ha per year.

12. Any individual or company or agency that applies
pesticides: to public land to manage pests of
structures or landscapes, -or vegetation on industrial
sites where the treatment area is less than 20 ha per
year; on privale land in rooms occupied as living
accommodation, or to the common area in a muiti-
resident building; or on a fee-for-service basis.

13. Yes. :

14. An applicator certificate is required by any person
using permit restricted or restricted pesticides; the
pilot of an aircraft applying a pesticide; or performing
duties under a licence, permit or PUN confirmation.

15. A pesticide use permit is required for: use of permit
restricted pesticides; aerial application of a pesticide
(other than to farm land); and any pesticide
application on public land or body of water that is not
human-made and self contained except those
applications requiring a licence or PUN confirmation.
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Chapter 4

HUMANS

PESTICIDE TOXICITY AND HAZARD TO

Introduction ...
Human Pesticide Exposure ...............
Measuring Acute Toxicity .................

Measuring Chronic Toxicity

Pesticide Label Hazard Symbols ........
Chapter QUIZ .o isssssmsansmssses

--------------

INTRODUCTION

Toxicity is defined as the capacity of a substance
to poison animals or plants. Poisons work by altering
normal body functions. The biochemical changes
caused by a particular substance may produce charac-
teristic symptoms seen or felt in a certain part of the

It has been said that all substances can be poison-
ous; everything becomes a poison if absorbed in exces-
sive quantities. Such common substances as coffee or
salt become poisons if large amounts are consumed.
Thus, toxicity is a function of both the severity of the ill-
effects and the amount of substance which has to be
consumed before any effects occur. A highly toxic sub-
stance causes severe symptoms of psisoning with small
doses. A substance with a low toxicity generally requires
large doses to produce mild symptoms.

The symptoms of pesticide poisoning in humans
can be mild, e.g. headaches and nausea or they can be
severe, 6.g. convulsions, coma or death. Most toxic
effects are reversible and do not cause permanent
change, although complete recovery could take some
time. Some toxic effects are irreversible and cause per-
manent damage.

Toxicity can be either acute or chronic. Acute tox-
icity is the capacity of a substance to cause ill-effects
which develop rapidly following absorption, i.e. a few
hours or a day. Chronic toxicity is the capacity of a
substance to cause ill-effects which develop slowly and
last a long time after exposure, i.e. months or years.

Pesticides are developed for their toxicity to certain
undesirable forms of life. There is a great range in their
toxicity to humans. Persons who handle pesticides
should understand the nature and degree of their toxic-
ity and how to prevent harm to themsslves and the envi-
ronment.

Pesticide applicators should know the hazards and
risk associated with the pesticides they use. A hazard

can be simply defined as a source of danger. The haz-
ard in using a pesticide is partly determined by its toxic-
ity; but is also determined by the likelihcod that humans
or the environment may be exposed to harmful concen-
trations of the pesticide. The likelihood of exposure
depends on a number of factors such as the amount of
pesticide used, concentration of the pesticide and how
the pesticide and application equipment are handled to
prevent exposure. A pesticide can be highly toxic as a
concentrate, but pose little hazard to the user if (a) used
in a very dilute formulation, (b) used in a formulation not
readily absorbed through the skin or inhaled, (c) used
only under conditions of ro human exposure, or (d) used
by experienced applicators who are equipped to handle
the pesticide safely. By comparison, a pesticide may
have a relatively low mammalian toxicity but present a
hazard because it is used in the concentrated form

which may be readily absorbed or inhaled.

Risk is defined as the likelihood that a worker or
the environment may be harmed during a particular
operation. There is little risk in handling a pesticide
where the hazards have been minimized.

The hazards associated with pesticide exposure
and toxicity are discussed below in this Chapter.

HUMAN PESTICIDE
EXPOSURE

There are three ways in which pesticides can enter
the human body: through the skin (dermal), through the
mouth (oral) and through the lungs (respiratory or inhala-
tion).

Dermal Exposure. In typical work situations, skin
absorption is the most common route of poisoning from
pesticides. This absorption may occur as a result of a
splash, spill or drift when mixing, loading or applying a
pesticide. It may also result from exposure to residue on




application equipment, protective clothing or treated sur-
faces after pesticide application. The dermal toxicity of a
pesticide depends on the pesticide formulation, the site
of contamination and the duration of the exposure. In
general, pesticides formulated as wettable powders,
dusts or granules are not absorbed as readily through
the skin as liquid formulations. The hazard from skin
absorption increases when workers are mixing pesti-
cides because they are handling concentrated pesti-
cides that contain a high percentage of active
ingredient.

Certain areas of the body such as the genital area
and eyes absorb pesticides easily and rapidly. Absorp-
tion is a particular hazard through cut or abraded skin
on the hands or face. A cut can greatly increase pesti-
cide absorption.

The tissues of the eyes are particularly absorbent.
Besides the potential for chemical injury to the eye itself,
some pesticides may be absorbed in sufficient amounts
through the eyes to result in serious or even fatal iliness.
Eye protection is needed when measuring or mixing
concentrated or highly toxic pesticides. Protective face
shields or goggles should be worn whenever there is a
chance that pesticide sprays or dusts may come in con-
tact with the eyes.

Oral Exposure. While skin absorption is the most com-
mon means of exposure, the most severe poisonings
usually result when pesticides are taken in through the
mouth. The most frequent cases of accidental oral expo-
sure are those in which pesticides have been taken from
their original labelled container and put into an unlabelled
bottle or food container. There are many cases where
people, especially children, have been poisoned by
drinking pesticides from a soft drink bottle. Adults have
mistakenly drunk from bottles containing pesticides or
have been poisoned by drinking water stored in contami-
nated containers. Workers handling pesticides or appli-
cation equipment can also consume excessive levels of
pesticides if they do not wash their hands before eating
or smoking. Applicators must never try to clear a spray
line or nozzle by blowing on it while holding it to their
mouth.

Respiratory Exposure. Certain pesticides may be
inhaled in sufficient amounts to cause serious damage
to nose, throat and lung tissues, or to be absorbed
through the lungs into the bloodstream. The hazard of
poisoning from respiratory exposure is great because of
the rapid and complete absorption of pesticides through
lung tissues.

'Lungs may be exposed to pesticides by inhalation
of powders, airborne droplets or vapours. Working with
wettable powders can be hazardous because the pow-
der may be inhaled during mixing operations and usu-
ally contains concentrated pesticide active ingredient.
The hazard from inhalation of pesticide spray droplets is
fairly low when dilute sprays are being applied with con-
ventional low pressure application equipment. This is
because most droplets are too large to remain airbome
and be inhaled. However, when high pressures are used
or uitra low volume (ULV) or fogging equipment are

used, the potential for respiratory exposure is increased.
The droplets produced during these operations are in
the mist or fog size-range and can be carried on air cur-
rents for a considerable distance.

Many pesticides give off a vapour when exposed to
air. Fumigants are used because their toxic vapours are
desirable for pest control. They also have the highest
hazard with respect to worker exposure to vapours.
Some non-fumigant pesticides are toxic to pests as lig-
uid or solid formulations, but also give off vapours which
could be toxic to applicators or bystanders. The Work-
ers' Compensation Board has established maximum
permissible levels in the air for approximately 100 pesti-
cides (W.C.B., 1985. Standard Practices for Pesticide
Applicators). Some pesticides emit vapours that could
exceed the maximum W.C.B. permissable lsvels under
certain still air conditions (e.g. fumigants, fensulfothion,
demeton, mevinphos, diazinon, disulfoton, carbaryl, par-
athion and chlorpyrifos). The hazard is greatest in
enclosed spaces where there is little air movement. For
example, high vapour levels could result from a spiil in
an unventilated storage area br application in a confined
space such as a greenhouse. Air currents due to wind
or ventilation can substantially reduce vapour levels.

Many pesticides that produce vapours provide a
warning of their presence by their smell or by causing
irritation of the eyes, nose and throat. However, some
pesticide vapours have little smell and provide little
warning of their presence.

As temperatures increase, vapour levels of many
pesticides increase. This is why it is recommended that
pesticides should not be applied when air temperatures
are above 30°C.

Pesticides with high vapour hazards will have label
directions to use respiratory protection equiment. it is
important to use respirators if required on the labe} or if
pesticides are used or mixed in poorly-ventilated areas
or if there Is a possibility of inhalation of pesticide mist
or powder.

Toxicity of pesticides can vary depending on the
type of exposure — dermal, oral or respiratory (inhala-
tion), but it is important to remember that, in each case,
the danger usually increases as concentration and dura-
tion of exposure increases. The longer a pesticide
remains on the skin or in eyes, or the longer it is
inhaled, the greater the damage that is likely to resuit.

In addition to route of entry into the body, there are
two other ways that exposure is described: short-term
(acute) or long-term (chronic) exposure.

Acute exposure refers to intake of a single dose
or to a series of exposures within a short time period
(e.g. one day). Acute exposures may be referred to as
acute dermal, acute oral or acute inhalation poisoning.
Usually the effects of acute exposure, if any, occur
within 24 hours.

Chronic exposure is the exposure to pesticides
over an extended period of time, such as where a pesti-
cide appilicator is frequently wetted with spray during
unsafe spray practices. Pesticides which have a tend-
ency to accumulate, or which break down slowly in body
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tissues, usually represent the greatest chronic exposure
hazard. Someone who is frequently exposed to low
doses of such pesticides may develop symptoms of poi-
soning long after the first exposure. Chronic exposure
may be referred to as chronic oral, chronic dermal or
chronic inhalation poisoning.

MEASURING ACUTE
TOXICITY

In order to understand how toxic some pesticides
are, it is important to know the way in which toxicity is
measured and rated. One of the first questions scientists
ask when developing a new pesticide is: how toxic is it
to animals and humans following an acute exposure, i.e.
a single dose? To answer this question, the pesticide is
administered to test animals. Usually rats, guinea pigs,
rabbits and dogs are used. The pesticide is applied to
the skin (dermal exposure), fed by mouth (oral exposure)
or inhaled (inhalation exposure) by the animal. In prelim-
inary tests of a number of individual animals, scientists
find a dosage or amount of the pesticide which will
make some of the animals sick and cause a few to die.
From such tests, scientists determine the threshold of
toxicity, which is the lowest dose which will cause
symptoms of poisoning in one or more test animals.
Then other tests are performed to determine the amount
of pesticide required to kill one half of the animals
exposed to a specific dose. The amount of pesticide,
administered in one dose, required to kill 50 percent of a
test population is called the ‘lethal dose to 50 percent’

LD, o ‘lethal concentration 1o B0 RErseRT T T
ese values are statistically determined for test animal
species under controlled faboratory conditions.

an animal, the greater z
Therefore, LD, is expressed as milligrams of pesticide

per kilogram of animal body weight. For example,

assume the LDy, for a species of test animal is 10 mg/kg.
if the test animals weigh 2 kg each, the lethal dose

to kill 5006 of these animals would be 10 mg/kg x 2 kg

= 20 mg each. If the test animals weigh 25 kg each, the
lethal dose to kill 50% of these animals would be 10 mg/kg
x 25 kg = 250 mg each.

kLo The LC;, value for mammals is a Ef: g: ;ée
toxicity of a pesticide when test animals jhreathe air
mixed with pesticide dust, vapours or spray mist.

LC,, is the concentration of pesticide which is lethal to
50% of an animal population and is usually determined
for a specific exposure period (e.g. inhalation for 4
hours). The duration of exposure is important because
shorter exposure pericds generally require higher pes-
ticide concentrations to produce toxic effects. LC,, val-
ues for pesticides in air are expressed as the ratio of
pesticide to air, in parts per million (ppm) or parts per
billion {ppb). (LCs, values are also established for fish

and aquatic organisms based on the concentration of
pesticide in water for exposure periods of 24 to 96
hours, discussed in Chapter 22.)

There are several important characteristics to note

about LD, and LCs, values:

¢ they are based on a single dose (LDs) or short expo-
sure (LCs);

¢ they do not indicate cumulative effects of small doses;

« they are an indicator of the amount of chemical
required to kill or severely injure animals, and do not
indicate the amount of chemical causing less severe
toxic effects; and

¢ the smaller the LD, or LC,, value, the greater the
toxicity (i.e. a pesticide with an LD, of 5 mg/kg is 100
times more toxic than a pesticide with an LDg, of 500

mg/kg).

LD, and LC,, values are usually derived from tests
using the active ingredient of a pesticide. The toxicity of
a pesticide product which contains an active ingredient
plus a carrier would generally be less than the toxicity of
the active ingredient alone. A dilute spray would be even
less toxic.

The acute oral LD,, value of a pesticide can be
used to roughly estimate the amount of pesticide which
might cause severe symptoms of poisoning to someone
accidentally swallowing it, i.e. acute poisoning resulting
from a single dose.

Chapt.

4

Example: The insecticide active ingredient, diazinon has ag
acute oral LD., to rats of 300 mg per kilogram of body weight
(mg/kg). A 70 kg person would be severely poisoned if he con-
sumed 70 kg x 300 mg/kg = 21,000 mg = 21 g of active
ingredient.

If a diazinon product contained 125 g/L active ingredient, a 70
kg person would be severely poisoned if he consumed

21g
2ol - 0.168 L = 168 mL of product.
If the product was mixed in a spray solution of 100 mL/10 L of
spray, then a person would be severely poisoned if he con-
sumed 168 mL

W = 16.8 L of spray.

Toxicological research has shown that the suscepti-
bility of mammals to pesticides varies with the species,
age, sex and nutritional state of the animals being tested.
Therefore data on the toxicity of pesticides to test ani-
mals can only serve as a guide to the probable toxicity of
a pesticide to an individual person. The LD, values of
some pesticides for rats and dogs could be quite inaccur-
ate for predicting the lethal dose for birds or humans.
However, LD,, values are very useful in classifying pesti-
cides according to one measure of their toxicity. They
also indicate how carefully some pesticides must be han-
dled.

As a general guide, the approximate dose which
would cause severe injury or death to an average human
adult is illustrated in Table 4 for various LD, ranges. On




this basis, pesticides are classified into groups of low,
moderate and high acute toxicity (Table 5).

Table 4. Relation of oral LD,, to approximate lethal
dose in adult humans.

Approximate lethal

Oral LD, of active dose to average size

ingredient adult’

less than 5 mg/kg less than 0.3 mL (one to
two drops)

5 to 50 mg/kg 0.3 to 3 mL (a few drops
to half a teaspcon)

50 to 500 mg/kg 3 mL to 30 mL (half a tea-
spoon to two tablespoons)

500 to 5,000 mag/kg 30 mL to 300 mL (1 to 10
fluid ounces)

5,000 to 15,000 mg/kg 300 mL to 800 mL (10 to
30 fluid ounces)

' Note that a larger amount of pesticide would have to be con-
sumed to obtain a lethal dose if the active ingredient was
diluted as in most formulated products and spray solutions.

Table 5. Relative toxicity of pesticides to humans
based on acute oral and dermal LD,,'s.

Toxicity Oral LD,, Dermal LD,

High less than 50 mg/kg  less than 200 mg/kg
Moderate 50 to 500 mg/kg 200 to 1,000 mg/kg
Low over 500 mg/kg over 1,000 mg/kg

Acute toxicities for most pesticide active ingredi-
ents used in British Columbia are given in the reference
list of pesticides at the end of Chapters 8 to 17 and in
Appendix Il of this Handbook.

It may be useful to compare the LD;, of certain
pesticides with the LD;, of substances commonly used
by people in their homes. The following three com-
pounds have a low acute toxicity in terms of the rating
for pesticides, but could cause toxic reactions if con-
sumed in sufficient quantities.

Compound Oral LD, (mg/kg)
acetylsalicylic acid (Aspirin) 1,000
sodium chioride (table salt) 3,320
ethylene glycol (antifreeze) 3,460

MEASURING CHRONIC
TOXICITY

y
SISt 1oL re. Such symp-
toms may occur in t :
1. As a complication of acute poisoning. For example,

a severe exposure to the herbicides paraquat or
diquat causes acute effects such as nausea, chest
pain and vomiting as well as chronic effects resulting
from kidney, liver and lung damage.

2. As a slowly progressive condition, without any inci-
dent of acute poisoning. For example, increased
breathing difficulty or skin sensitization (allergy) after
repeated use of a pesticide.

3. As the occurrence of a disease or condition initiated
by previous exposure. For example, the develop-
ment of cancer years after a period of exposure.

Very few pesticides now in use are known to cause
chronic effects, if used according to label directions.
However, a few pesticides are suspected or known to
cause chronic illness in test animals or humans, when
exposure levels are high. The registration of some pesti-
cides has been cancelled because the suspected or
identified chronic effects represented a significant health
hazard.

Some chronic toxicity effects have been detected
in applicators, usually in relation to pesticide misuse.
Symptoms have included loss of appetite, skin rash,
weight loss, headaches and respiratory problems. Some
pesticides such as organochlorines can accumulate in
fatty tissues with repeated exposure to small doses. If
released from storage as a result of fat depletion, these
pesticides may produce symptoms similar to those fol-
lowing acute exposure (nausea, tremors, muscular
weakness). The organophosphorous pesticides are not

stored in body tissues but they interfere with the produc- -

tion of enzymes necessary for the function of the nerv-
ous system. One or two smali exposures may produce
no toxic symptoms, but repeated small exposures over a
two to three week period may have a cumulative effect
and may produce serious chronic effects.

It is not possible to assess chronic toxicity of a pes-
ticide in the same way as an LD, or LC,, is used to
determine acute toxicity. Instead, a number of different
tests are performed on animals which help to predict
whether a pesticide will cause a number of possible
long-term effects. Test animals are exposed to sublethal
levels of gmucidesm%ﬁm
days o several years. They are examined for a wide

variety of toxic effects from dermal, oral and respiratory
exposure. Such effects include:

e carcinogenesis — the production of tumors (cancer),

¢ teratogenesis — the production of birth defects in
developing fetuses,

e mutagenesis — changes in the reproductive cells
which are passed on to future generations, and

« reproductive eftects — changes in fertility.

Evidence of chronic effects is usually associated
with long-term exposure of test animals to relatively high
doses. Thus people who run the greatest risk of devel-
oping any chronic effects are workers involved in the
manufacture of chemicals or applicators exposed to high
levels of pesticides over many years.

If symptoms of chronic toxicity develop in humans,
they may not be recognized as having been caused by
exposure to a toxic chemical months or years in the
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past. The levels of exposure which might cause chronic
effects in a human individual are very difficult to predict.
Thus anyone handling pesticides should attempt to mini-
mize their exposure and eliminate the possibility of
chronic effects.

PESTICIDE LABEL HAZARD
SYMBOLS

Precautionary symbols are required on many pesti-
cide labels to identify the severity of the acute or chronic
toxicity of the product. These are the danger, warning or

caution — poison symbols The type of symbol requnred

is delermmed from six characteristics as shown in Table

6. Thus a ‘ganger poisony symbol is required if the pesti-

cide has one or more of the following characteristics: an

acute oral LD., less than 500 mg/kg, an acute dermal

LD, 1ess Tﬁanﬁ 000 ma/k respl'ralor is required, eye

pro.fec' Tion is required, chronic effects may be fatal or irre-

versible or it contains 10% or more petroleum distillates. [T
No symbol is placed on a label if there is no significant 4
toxicity to humans.

The LD, values referred to in Table 6 are for the
formulated product. When the precautionary symbol is
being selected for a parncular product, the product LDfm
is estimated fr concenjiration of aclive ingredien
the product, or the product LD,-,., is obtam d
tory testing of the product itself.

Table 6. Interpretation of precautionary poison symbol and shapes used on pesticide labels. The shape
indicates a pesticide has one (or more) of the characteristics indicated below.

POISON HAZARD
SYMBOL — the shape 9
indicates one (or more)
characteristics below DANGER POISON WARNING POISON CAUTION POISON
acute oral LD, less than 500 mg/kg 500—1,000 mg/kg 1,000—2,500 mg/kg
acute dermal LD, less than 1,000 mg/kg 1,000—2,000 mg/kg 2,000—5,000 mg/kg
respirator required advisable in confined advisable in confined

spaces spaces
eye effects corrosive/irreversible severe/reversible irritant
chronic effects fatal/irreversible non-fatal/irreversible non-fatal/reversible
petroleum distillates 10% or more (Domestic

products)

CHAPTER QUIZ

Questions
1. Explain the difference between acute and chronic toxicity.

2. Explain the difference between toxicity, hazard and risk.

3. Name the three ways pesticides can enter the body and
which is the most common route of poisoning.

4. Which is the most frequent cause of oral poisoning?

Answers

1. Acute toxicity is the capacity of a substance to cause ill-
effects which develop rapidly following exposure. Chronic
toxicity is the capacity of a substance to cause ill-effects
which develop slowly and last a long time after exposure.

2. Toxicity is the capacity of a substance to cause ill-effects;
hazard is the danger in handling a substance, i.e. the pos-
sibility of being exposed to toxic amounts; risk is the likeli-
hood a person will be harmed.

3. Dermal exposure is the most common route of poisoning;
other ways of exposure are oral and respiratory.

4. The most frequent cause of oral poisoning is accidental
drinking from unlabelled containers containing pesticides.
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10.

1.

12,

13.

. Why is respiratory exposure so dangerous?

. What is the source of (a) pesticide mist, (b) pesticide

vapour?

. Explain the difference between acute exposure and

chronic exposure.

. Why does the LD,, value of a pesticide for rats only

roughly approximate the toxicity of a pesticide to other ani-
mals, including humans?

. Do LD, values measure acute or chronic toxicity?

It the LD,, value is small, is the toxicity high or tow? Why?

is the toxicity of a product generally greater or less than
the toxicity of the active ingredient?

If the oral LD,, of a pesticide is 50 to 500 mg/kg, how
much of this substance would cause severe injury or
death if ingested by an adult human?

Name a symptom (effect) resulting from chronic toxicity.

10.

1.

12.

13.

Respiratory exposure is dangerous because nearly 100%
of pesticide in contact with lung tissues is absorbed.

Pesticide mist is preduced when tiny droplets of pesticide
are carried by air currents; vapours are preduced when
fumigants are applied or when some solid or liquid pesti-
cides evaporalte.

Acute exposure is exposure to a single dose or series of
doses over a short time, i.e. one day. Chronic exposure is
exposure over an extended time period, i.e. months or
years.

. The susceptibility of animals to pesticides varies with the

species, age, sex and condition of animals being tested
and may not be accurate for humans.

. Acute toxicity.

if LD,, values are small, then toxicity is high. The LD,,
measures the amount of pesticide required to kill an ani-
mal, i.e. if little is required, toxicity is high.

The toxicity of a pesticide product is usually less than the
toxicity of the active ingredient.

About 3 to 30 mL (half a teaspoon to 2 tablespcons) would
be severely toxic.

Severe chronic effects would include carcinogenic, terato-
genic, mutagenic or reproductive effects, liver, kidney or
lung damage; less severe chronic effects would include
headaches, skin rash or weight loss.
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Chapter 5

SAFE HANDLING OF PESTICIDES
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INTRODUCTION Some general precautions that will help prevent

Pesticides can poison people, pets and livestock;
they can harm beneficial insects, birds, fish and
wildlife, and they can damage desirable plants. It is
necessary to maintain careful and continuous
control over the use and handling of these
chemicals. Special precautions are necessary
should pesticides be spilled or should storage
facilities catch fire.

In this chapter, procedures are described for the
transpont, storage, mixing, application and disposal
of pesticides and handling of pesticide spills and
fires. Details about personal protective clothing and
safety gear are described separately in Chapter 6
and first aid procedures are described in Chapter 7.
More guidelines to protect the environment during
specific types of pesticide application are listed in
Chapter 23.

TRANSPORTING PESTICIDES

The transport of pesticides is regulated provincial
legistation (see Chapter 3). The Transportation of
Dangerous Goods Act may require shipping
documents, safety marks, vehicle placards,
emergency response plans and safety training. The
provincial Integrated Pest Management Act also
specifics certain transport procedures. This Act
requires that pesticide containers be secured to
prevent their accidental discharge or unauthorized
removal. Pesticide containers must be separated
from food or drink or other household materials in a
manner that will ensure these goods are not
contaminated during transport.

accidents when transporting pesticides include the

following:

o Containers should be inspected for defects prior
to transport. Do not accept materials in rusted,
dented or otherwise damaged containers.

» Pesticides should not be transported in the
passenger compartment of any vehicle. Do not
allow anyone to ride in the back of a truck
together with pesticides.

« Never transport pesticides along with food, feed
or consumer goods.

¢ Avoid transporting pesticides on wooden truck
beds. If your truck is provided with a wooden
bed, use a storage box made of non-absorbent
material or spread heavy plastic sheeting on the
truck bed. Pesticides spilled on wooden truck
beds are almost impossible to remove and may
cause contamination of materials carried
afterward in the truck.

e All pesticide containers must be secured to
prevent accidental spillage. Be particularty
careful with paper and glass containers. A safe
practice is to transport glass containers in form-
fitting, foam-lined shipping packages.

e Wettable powders and dusts in paper containers
must be protected from rain and moisture.

e Commercial carriers and pesticide applicators
should carry a spill clean-up kit that includes
items such as a shovel and chemical neutralizer.
Ensure that the driver is trained in emergency
spill procedures.

When vehicles are used to hold pesticides on a
fairly continuous basis, such as in pest control
service vehicles, they are considered to be mobile
storage facilities. They are discussed on the
following pages under ‘Storing Pesticides’.
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STORING PESTICIDES

A number of requirements for pesticide storage
are specified in the Integrated Pest Management
Act (Chapter 3). A now out-of-print publication of the
Workers' Compensation Board (W.C.B.), Standard
Practices for Pesticide Applicators, gave more
detailed recommendations on storage facility design
and safe storage practices. These practices are
summarized below:

Storage Facllity Location

¢ Pesticides should be stored in a facility
separated from work and living areas. Depending
on the quantity, the facility may be a cabinet, a
room or a shed. For larger quantities of
pesticides, a separate, detached building is
preferred (Figure 10).

o Pesticides should not be stored in a basement.
Toxic vapours are more difficuit to ventilate from
a basement than from a ground-leve! structure.

o Storage facilities should be located where spills,
or run- off water used to fight a fire, will not
contaminate surface waters or wells.

1.2 m height

The local Fire Depariment must be informed
about the location of storage facilities and the
quantities of pesticides located there, as required
by the Integrated Pest Management Act
Regulation.

Building Materials

* |deally, a storage shed should be made of fire-
resistant materials. Drywall interiors are
preferable to wood panelling.

« Paints or other sealants shouid be used to seal
absorbent surfaces where pesticides could be
spilled.

o Facilities should have a concrete floor with curbs
to contain spills. Concrete is porous and should
be painted with a sealing compound.

Entrances

o Entrances must be locked to prevent entry to
unauthorized persons.

o Attach waming signs outside all entrances to
warn people of chemical storage and indicate
entry is to authorized personnel only.

/ 2light
fluarescent
light fixture
Bathroom or
kitchen exhaust fan — Waming sign
Light and tan switch
Three shell system Jﬁ Lock
Top: paper : o :
e — ™
Centre: metal and = protection
plastic A
containers ) 4
Bottom: glass y
containers ) ’“
Concrete fioor RN ST AR A ey
with curb B R i o

Figure 10. Layout of pesticide storage building suggested by W.C.B.

40

3333333332333 )333333333233333333333333333333133



I3 II3IIVIIIIAIIIFIIINININIINIIIINIINIAIIININIIINIINIIIIN

Ventilation

« If the storage facility is not used as a mixing area,
W.C.B. indicates a reasonable ventilation rate is six air
changes per hour. This would be about 300 L per min-
ute of ventilation for every square metre of floor area in
a 3 m high room. If mixing is done indcors, additional
ventilation may be necessary.

o For storing small quantities of pesticides, an air vent
without a fan may be sufficient. Structures with no
vapour barriers or weather-stripping may have natural
air leakage of one to three air changes per hour.

o |t is a safe practice to locate the ventilation control
switch outside the storage area. One technique is to
interlock the ventilation switch with the light switch.

* For effective ventilation ensure that exhaust fans are
located so as to pull pesticide vapours away from the
work areas. Also provide an inlet air vent for make-up
air. One technique is to mount exhaust fans near the
pesticide shelving and mixing areas and to provide inlet
grates in locations such as an opposite wall or in the
door.

Plumbing

* There should be backflow prevention devices, if neces-
sary, to prevent contamination of the water supply used
for mixing pesticides (see discussion of cross-contami-
nation below).

* Washing and shower facilities for routine clean-up and
emergency situations should be located close to mixing
areas.

Protection from Heat and Cold

o Store pesticides away from heat (e.g. windows facing
south) and protect them from freezing. Degradation of
pesticides is increased at high temperatures and some
may explode. Bottles may break when exposure to heat
or freezing causes excessive pressure.

Storage

¢ Observe any storage precautions listed on pesticide
labels.

« Store the minimum quantities of pesticides possible.

* Store pesticides on shelves, if possible, and separate
containers (Figure 10) as recommended by W.C.B.

* Separate incompatible pesticides and materials which
could be hazardous on contact with each other. For
example, some pesticides such as dazomet, maneb
and mancozeb produce flammable vapours when wet-
ted. Some pesticides such as difenzoquat, methyl bro-
mide and paraquat produce flammable hydrogen gas
on contact with aluminum. Glyphosate will produce
hydrogen gas on contact with galvanized metal.

» Never store personal protective equipment, focd, uten-
sils, feed or seed with pesticides.

* The Ehenolg(‘x herbicides (e.g. 2,4-D) should not be
stor insecticides or fungicides to avoid cross-

contamination.

Containers

» Pesticide vendors must not sell a pesticide product
unless the label is attached and is legible.

* Pesticides should be stored in their original container
with a clearly legible label.

¢ Never store pesticides in old bottles or food con-
tainers, in which they might be mistaken for food or
drink for animals or humans.

* Inspect containers regularly for leakage, corrosion,
breaks, tears or other damage.

* Eliminate all defective containers. When paper con-
tainers are torn, transfer contents to an empty paper
container of the same pesticide product or repair and
enclose in a clear plastic bag. Do not cover up the
label. Turn leaking metal or plastic containers leak-side
up, where safe to do so, then clean-up spilled pesti-
cide and transfer leaking container contents to a new
container. Place a label on the new container. Contact
your chemical supplier about replacement containers
or labels. At the very least, a temporary label must
include:

\ — the pesticide common and trade name,

72— the concentration of pesticide active ingredient,
and

34— the pesticide P.C.P. Act registration number.

Emergencies

¢ It is recommended that a first aid kit (see Chapter 7)
and spill clean-up equipment (see section on pesticide
spills in this chapter) be provided outside or near the
pesticide storage room. Emergency phone numbers
should be posted.

Mobile Storage Facilities
Some pesticide users may store pesticides for
extended periods in vehicles when performing a number

of similar treatments. The vehicle is then considered a

mobile storage unit and there are several potential haz-

ards:

* the driver may inhale harmful levels of pesticide
vapours,

* a vehicle accident may cause a pesticide spill,

» pesticides may contaminate personal protective cloth-
ing and respirators as well as driver or passenger
areas of the vehicle,

« there may be inadequate quantities of wash water if
the application site is far from a running water source.

Pickup trucks are most suitable for mobile storage.
Pesticides can be placed in a locked canopy, separated
from the driver. The W.C.B. recommends the use of a
canopy divided into compartments (see Figure 11) to
keep personal protective gear separated from pesticides
and to provide easy access to pesticides and equipment
stored forward of the tailgate area. This canopy has lock-
able compartments which open outward along each side
of the canopy and an interior space accessible from the
rear.

Cars or station wagons are not suitable for mobile
storage.
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First-Aid

supplies —-

Personat
protective awpe-
equipment

C —

Spray equipment and
large pesticide containers

Pesticides

Figure 11. Plan for storage of pesticide application equipment in pickup truck (from W.C.B., 1985).

MIXING AND LOADING
PESTICIDES

Many pesticide accidents occur when pesticides
are being mixed for use. The most dangerous work with
pesticides is pouring and mixing the concentrated prod-
ucts. Mixing and loading organophosphorous and carba-
mate insecticides can present a serious safety hazard,
particularly when they are formulated with the solvent
xylene which promotes their absorption through the skin.

" Afew common-sense rules can reduce.the hazard
involved in mixing and loading pesticides:

» Before mixing a pesticide, read the product label and
double-check the safety precautions.

¢ Wear the correct protective clothing; this may include
rubber boots, chemical-resistant aprons, coveralls and
gloves, a face shield, a hat and possibly a respirator
(see Chapter 6).

¢ Have emergency wash facilities, first aid equipment
and emergency phone numbers close at hand.

* Mix pesticides only in good light and with adequate
ventilation, preferably outdoors under low wind condi-
tions. Stand upwind to minimize airborne exposure.

* When pouring a pesticide concentrate, keep the con-
tainer well below eye-level to prevent splashing or spill-
ing any pesticide in your face or eyes.

* Do not tear open paper bags as this may spill contents. |

Use a sharp knife to open bags and clean the knife
after use.

¢ To reduce airborne dust and for better mixing, pre-mix
wettable powders with a small amount of water before
addition to the mixing tank. Make a slurry of wettable
powder and water, then pour it into the spray tank.

¢ When transferring quantities of flammable materials
(such as pesticides formulated with xylene or kerosene)

fron) drums, it is essential to prevent sparking dueto

-up, Grognding pracedires ma

sary.

¢ if you splash or spill a pesticide while mixing or loading,
stop immediately. Remove contaminated clothing and
wash thoroughly with detergent and water. Obtain med-
ical assistance if exposure could result in more than a
mild irritation. Speed is essential when you or your
clot'h;gg are contaminated. Clean up any pesticides
spilled.

Closed-Handling Systems

Closed-handling systems can reduce the applica-
tor's exposure to concentrated pesticides. A closed-han-
dling system is interconnected equipment which allows
the applicator to remove a pesticide from its container,
rinse the empty container, and transfer the pesticide and
rinse solution to the spray tank without handling an open
heavy container. Closed-handling systems have several

advantages including increased applicator safety and a

reduction in spills. There are two types of systems:

* Gravity systems are sometimes called “punch and
drain” systems. The unopened pesticide container is
inserted into a chamber, which is then sealed. A
punch cuts a large opening in the container, allowing
all of the material to drain into the mixing tank. A water
nozzle attached to the punch sprays the inside of the
container to rinse it thoroughly. The rinse water also
drains into the mixing tank. The rinsed container is
then removed for disposal. A limitation of this system
is that only full container quantities can be used.

» Suction systems use a pump to remove the pesticide
through a probe inserted into the container. Some con-
tainers are equipped with built-in probes. The pesticide
is transferred to the mixing tank by hose and pipe.
When the container is empty, it and the transfer sys-
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tem are rinsed with water. The rinse water is added to
the mixing tank. To allow the use of only part of the
pesticide in the container, the system must measure
the amount of pesticide transferred to the mixing tank
and must allow the probe to remain in the container
until all the pesticide is used and the container and
probe are rinsed. Some probes have a breakaway
head which allows the head to stay and the probe to
be withdrawn and reused. In some systems, it is not
possible to reseal partially-emptied containers.

Closed-handling systems are not yet widely avail-
able but should be used wherever possible.

Cross-Contamination

Cross-contamination is another hazard during the
mixing of pesticides. it results when water is being added
to a pesticide and the pesticide is drawn back into the

‘pipe system supplying the water. Cross-contamination

may occur in two ways:

* Back-siphonage. This is a reverse flow of water
caused by a reduction in water pressure. If a hose used
for adding water is emersed in the pesticide spray tank,
back-siphonage may draw the pesticide concentrate
back into the main supply line. Water downstream of
the main supply line will then be contaminated. Back-
siphonage can occur when there is a large draw on the
main supply line such as for fire-fighting or due to a
break in the supply line.

¢ Backpressure backflow. This is a reverse flow which
occurs when systems such as mixing tanks are above
the height of the water supply source. For example, a
pump may supply water from a pond to a mixing tank
on a truck. If the pump fails, backpressure could cause
the pesticide mixture to flow through the supply line into
the pond.

Documented cases of illness and death have been
attributed to cross-contamination. Those at risk may
include co-workers, family members and the public. Two
cases of mishaps demonstrate the hazard.

s A pesticide applicator used a sprayer attached to a gar-
den hose to spray a weed killer. While at the job, there
was a flow reversal in the water supply. The man dis-
connected the hose, and feeling thirsty, drank from the
tap that had supplied the hose. Pesticide in the water
killed him.

* A pesticide applicator was preparing to treat a building
and left a garden hose submerged in a spray tank dur-
ing mixing. The building was located on a hill and its
water system experienced negative pressure during the
mixing process. The pesticide that was sucked into the
drinking water system resulted in 15 peopie becoming
ill and required replacement of the plumbing in the
building.

%{E"*The most sim l meth d ing backflow is

gap should be at |easttw10ethe dlameterof the dis-
charge pipe. At times, an air gap is not possible, such
as when the pesticide is injected into an irrigation sys-

tem. In such cases it is extremely important to use a
device to prevent cross-contamination. These devices
must be tested upon installation and on an annual basis.
Examples of how backflow prevention methods are used
in pesticide mixing and application are illustrated below.

1. Air Gap: without an air gap,
spray tank contents can be
drawn into the water supply line
if pressure in this line drops
(e.g. due to heavy water use
elsewhere in the water supply

system).

2. Atmospheric Vacuum Breaker: can prevent a
reverse flow of con-
centrated pesticide
into the hose and
into the water
supply system
if pressure in
the water
system drops.

3. Backflow Preventer (with a vehicle): is required to
prevent a reverse flow of pesticide into a water supply
in the event a pump fails.

4. Backflow Preventer (in an irrigation system): is
required to prevent pesticide injected into a system
from flowing back into the supply line rather than out
through the sprinkler heads.
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APPLYING PESTICIDES

Attention to a few simple guidelines during pesticide

application will make the job much safer.

¢ Belfore starting to apply a pesticide, read the label.
Do not trust your memory for details concerning the
use of pesticides. The label of a Recently-
purchased product may differ from the label of the
same product purchased some time ago. Make
certain you are aware of the current use directions
and precautions.

¢ Check the application equipment. Look for leaking
hoses or connections and plugged or worn nozzles.
Examine the seals on the filter openings to make
sure they will prevent pesticide spillage.

o Before you begin, make certain your protective
equipment is appropriate for the hazard.

e Make sure that emergency facilities such as wash
water are at hand in the event of an accident.

o Before applying pesticides ensure that appropriate
warning signs are posted at normal points of entry
to the treatment site so that unprotected workers or
bystanders are not contaminated. It is also
advisable to notify residents near treatment areas
so they can keep children and pets away. Ensure
safe re-entry periods are observed.

« When handling highly toxic pesticides, do not work
alone.

« Mix and apply the pesticide at the rate
recommended on the label.

e Ensure there is the required number of days
between treatment and harvest of food crops or
grazing.

o Minimize drift of pesticides away from the target
area by the following precautions:

-use the lowest possible application rate that will
do the job

—release spray as close to the ground as possible
-use a slow speed for motorized application
equipment

~with sprays, use nozzles that eliminate, as much
as possible, fine droplets (i.e. large nozzle
orifice, low pressure)

~do not apply pesticides when wind will cause
substant . Spraying should cease when
wind speed increases above 8 km per hour
unless sprayer shrouds are used. If winds come
up during application, stop immediately, and
do not resume the application until wind
conditions improve

~the release of vapours by many pesticides
increase as temperatures increase. Be
especially careful when temperatures exceed
30°C.

A well-managed pesticide program includes a record
of applications. Proper records provide information on

a treatment location, size of treatment, pest controlled,
pesticide name, application rate, application
equipment, total pesticide used, dates of application
and weather conditions.

DISPOSING OF PESTICIDES
AND CONTAINERS

Waste pesticides should be considered hazardous
to the environment and to people handling them.
These materials are also potential pollutants of water,
air and land. Deciding how to dispose of pesticide
wastes is an important part of safe pesticide use and
should be considered with each pesticide application.
Those who use pesticides are responsible for the safe
disposal of all empty pesticide containers and surplus
pesticide.

Disposal of Containers

Disposal of large numbers of empty pesticide
containers can be a significant problem. Empty
containers of non-pressurized commercial, restricted
or permit restricted pesticides must be rinsed before
disposal. Recommended rinsing practices for various
types of containers are summarized in Table 7.
Containers of liquid pesticide products should be
emptied by draining for a minimum of 30 seconds into
a spray or mixing tank. Then they should be either
triple-rinsed or pressure-rinsed.

Table 7. Procedures for rinsing various pesticide
containers.

| Type of container Rinsing Method
Rigid plastic or metal Pressure-rinse or triple-
rinse
Other metal (pressurized) No rinsing required
Glass bottle Triple-rinse
Paper bag Single-rinse
Plastic bag Single-rinse
Containers labelled No rinsing required
“Domestic”

Triple-rinsing means the container is filled at least
one-fifth full with appropriate solvent (usually water)
capable of removing the pesticide. The container is
closed and shaken to rinse all inner surfaces, then
opened and drained for at least 30 seconds. This is
repeated two times.

Pressure-rinsing means rinsing for at least 30
seconds with an appropriate solvent under pressure.
The high-pressure spray may be directed down into
the container, or the empty container may be inverted
over the spray nozzle so that all interior surfaces of the
container are rinsed.

Where possible, return empty pesticide containers
to the manufacturer for re-use. When re-use is not
possible, crush, puncture or damage empty, rinsed
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containers so they cannot be reused and, if permitted by
the pesticide label, recycle them. When neither re-use nor
recycling is an option, emptied, rinsed and crushed
containers should be disposed of in an approved sanitary
landfill.

Rinse-water, produced by cleaning containers should
be drained into spray tanks and applied to the treatment
area. Waste water produced by washing equipment, or
rinse water which cannot be applied to the treatment
area, may, if necessary, be applied to the ground site of
pesticide application under the following conditions:

o thesite s flat;

o the site is not in a wet lowland (boggy area);

+ the site does not consist of porous material such as
gravel or sand; and

o the site is at least 200 m from surface water or any
waell.

Unused Pesticides

Disposal of unused pesticide concentrates and excess
pesticide mixtures is a serious problem. There is no
simple solution.

The best precaution against a pesticide disposal
problem is good planning. Pesticide users should only
buy sufficient pesticide for their immediate needs or at
most, one year's supply. Sufficient spray should be mixed
for just one treatment.

If you must dispose of unwanted pesticide, check with
your pesticide distributor and see if they can find
somebody who can use it. If no altemate users can be
found, arange with a hazardous waste disposal company
to dispose of the pesticide for you.

¢ For washing machine settings, use hot water
temperatures (140°F/60°C), full water level and
normal (12 minutes) wash cycle.

¢ Re-wash the clothing two or three times if badly

contaminated.
¢ Rinse machine thoroughly after laundering the
contaminated clothing.
Line dry to avoid contaminating the automatic dryer. Chant
Launder clothing daily when applying pesticides daily gp :

Proper emergency wash facilities shou!d be available

- where persons are exposed to pesticides harmful to the

eyes or skin. For example, during agricultural spraying
operations, a container of clean water on the tractor can
provide an emergency wash for the operator. Minimum
emergency facilities at the mixing and loading site include
a portable container holding 45 L of clean water, and a
poriable eye wash facility capable of providing a
continuous 15 minute supply of eye irrigation. Various
plumbed-in systems for use at permanent work sites are
available.

PESTICIDE SPILLS

PERSONAL CLEANLINESS

Do not eat, drink or smoke when working with
pesticides. Studies have shown that workers with
contaminated hands could swallow significant quantities
of pesticide while eating lunch or smoking one cigarette.
Wash hands and face before break periods or meals.

Al protective equipment, such as respirators or
goggles, should ba thoroughly washed after completing
the pesticide application, disposing of excess material
and cleaning the application equipment. Then, work
clothes should be removed and placed in an area
separate from other laundry items. Shower and wash
completely with soap and water, including hair and finger-
nails. After showering, put on a complete change of
underwear and clean outer ciothing.

Do not allow children to play in or with contaminated

clothing. Clothing washed immediately after use will be

more easily decontaminated. Wam whoever will be

washing clothes that they are contaminated and to foliow

these procedures:

e Wash separately from other laundry. Discard if
completely saturated with pesticide.

¢ Pre-rinse clothing by presoaking in a suitable
container, agitating in an automatic washing
machine or hosing the garments outdoors.

The more you can prapare for accidents, the greater
the chance you have to minimize health hazards and
environmental contamination.
¢ Develop a spill contingency plan®
¢ Have spill treatment equipment ready at storage,

mixing and loading sites including the following:

- personal protective equipment (e.g., unlined
gloves, boots and respirator),

— absorbent material such as sawdust, sand,
activated charcoal, vermiculite, dry coarse ciay,
kitty litter or commercial absorbent,

— neutralizing material such as lime, chlorine
bleach or washing soda,

- long-handled broom, -shovel, and

- waste-receiving container with lid.

Pesticide spills may happen arcund the home, on the
farm or industrial sites, on public lands or highways.
When a spill occurs, it should be cleaned up as quickly
and safely as possible. The following general procedures
apply to clean-up of most spills:

e Keep other people and animals away from the spill
site. See that no one is exposed by walking or driving
through a spill or by breathing fumes.

« Obtain as much information as possible on how to
clean up the spill. Consult the product label or
knowledgeable agencies (8.g. Ministry of Water, Land
and Air Protection or CANUTEC operated by
Transport Canada in Ottawa.)

o |f the spill is sufficiently small to be handled without
assistance, begin clean-up procedures immediately.

e Put on adequate personal protective gear. If the spill is
inside a room or shed, ventilate the area; open doors
and windows and use fans if necessary.




¢ Do not try to wash away spilled material, this only
spreads the pesticide. It takes a great deal of water to
dilute the pesticide to non-hazardous concentrations.

¢ Provide a barrier to the spread of the pesticide. A barrier
may consist of soil, sawdust, old newspaper or any- thing
to soak up the pesticide.

e Absorb or soak up as much liquid pesticide as possible,
using an absorbent material.

e With dusts, dampen with water using a fine mist before
sweeping. Do not use a vacuum cleaner unless equipped
with a filter bag capable of safe collection of fine dusts.

¢ Place waste material from spill clean-up into a water-
proof container that can be removed from the site.

¢ Label with the name, P.C.P. number and quantity of the
pesticide and treat as a hazardous waste. Contact the
nearest office of the Ministry of Water, Land and Air
Protection for advice' on disposal.

¢ Decontaminate the affected surface(s). Check if the label
has specific instructions or contact the Ministry of Water,

Land and Air Protection. Some general guidelines

include:

a) Organophosphates -many such as azinphos-methyl,
chlompyrifos, diazinon, dimethoate, malathion,
parathion and temephos can be detoxified with a
mixture of washing soda (sodium carbonate) and
bleach (sodium hypochlorite).

b) Carbamates -such as aldicarb and carbaryi - use
caustic solutions such as washing soda (sadium
carbonate), caustic soda (sodium hydroxide) or strong
soap solution.

c) Organochlorines - are difficult to detoxify. Chemicals
frequently recommended are household ammonia,
washing soda or activated charcoal.

The decontamination solution should be worked into a
hard surface, such as pavement or cement, using a coarse
broom or scrub brush. The solution should be picked up
using fresh absorbent which is then removed for disposal.

Where there is a small spill of pesticide on soil, a
recommended practice is to sprinkle a mixture of ore gallon
of water added to one gallon of bleach, then spread hydrated
lime liberally over the area and let stand for at least one
hour. Remove the top 2 to 5 cm of soil where the spill

Tfied where a spill r8laases pe
Telephone the rovmceal efgency number at 1-800-663-
3456 (24 hours). An operator will contact the appropriate
Ministry of Water, Land and Air Protection staff to notify them
of the spill or obtain assistance for you as may be required.
While waiting for emergency personnel to arrive, do what you
can to prevent others from being exposed to the pesticide.
When emergency personnel arrive, tell them about the
pesticlde. Police or fire fighters may not know the degree of
hazard until you tell them.

Assistance in obtaining technical information on pesticide
clean-up and decontamination may be obtained from
CANUTEC, a data bank in Ottawa operated by Transport
Canada. You can call the emergency phone number (613
996-6666) collect, or cellular -6686, day or night, to cbtain
help in deciding on a spill clean-up action plan.

PESTICIDE FIRES

Whenever pesticides are involved in fires, there are
potential hazards from toxic fumes, poisonous runoff and
release of concentrated pesticides from leaking or expleding
conlainers. Some general rules in dealing with such fires
include:
¢ When first establishing a storage facility, notify the local

fire department of the pesticides that will be stored and

the exact location of the facility. This will allow the fire
department to prepare for possible emergencies.

» I a fire occurs, first evacuate people and animals so they
are upwind of the fire and keep bystanders away

e Call the fire department and make it clear that it is a fire
involving pesticides. Provide any information you have
about the pesticides that will aid them in fighting the fire
and protecting themselves and others.

o With the fire fighting experts, weigh the hazards of
fighting the fire and post-fire clean-up against the benefits
of fighting the fire.

o Alert medical personnel about possible cases of
poisoning in fire fighters or bystanders who may be
exposead to pesticides from the fire.

o {f contaminated water from fire fighting enters a drain-
age system, inform authorities immediately.

Instructions to Fire Fighters

In general, fire fighting experts should aiways be
called to fight uncontrolled fires. The following are some
guidelines for fighting fires involving pesticides:

» Wear chemical-resistant gloves, boots and full-body
protective clothing. A self-contained breathing
apparatus is essential for those exposed to fumes and
smoke.

Wherever possible, fight fires from the upwind side.

Wherever possible, use foam or joxide rather

than water. Some pesticides can ignite or emit toxic

gases on contact with water.

o If water is used, keep it to a minimum. Excess water
will spread pesticide contamination. Dykes may have
to be constructed to prevent the flow of water and
pesticides into sewers, irrigation waters or streams.

o A water wi o] rather than a straight
stream to avoid breaking bags and bottles. Dust from
broken bags can be explosive.

¢ Avoid dragging hoses through pesticide-contaminated
water.

e Wash before eating, drinking, smoking or using the
toilet.

¢ [f anyone is exposed to smoke and fumes, exposed
body areas should be washed as soon as possible at
the fire site. If anyone has symptoms of pesticide
poisoning, consult medical authorities immediately.

o Once the fire is cut, apply decontamination
procedures to contaminated land, all fire fighting
equipment and personal protective equipment and
clothing.
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CHAPTER QUIZ

Answers

Questions

1.

9.

What are three major concerns about pesticide
transport?

Name two desirable features of pesticide storage
buildings involving (a) location, (b) building materials,
(c) entrances, and (d) plumbing.

. Name some pesticides that should not be stored

together and why.

What is the least that should be included on a label on
a replacement pesticide container?

. What is the recommended way to keep pesticides

separated from personal protective gear in a pickup
truck?

. What are closed handling systems for mixing

pesticides

. How can cross-contamination cccur while mixing

pesticides

. What is the simplest way of preventing cross-

contamination?

Name two approved methods of cleaning empty
pesticide containers?

10.How often should you wasli protective clothing used

during pesticide applications? Should you use hot or
cold water?

11.Name three steps in removing spilled pesticide on

pavement.

12.Who would you notify in the event of a major spill?

13.What are three hazards from fires involving

pesticides?

1.

Contamination of people or goods in a vehicle,
contamination of the vehicle and spills.

(a) separate shed, where spills will not contaminate
surface water or wells, (b) fire resistant, concrete fioor
with curb, (c) locked, posted, (d) back flow prevention
wash-up facilities.

Phenoxy-type herbicides should not be stored with
insecticides or fungicides to avoid cross-
contamination.

Pesticide common and trade names, concentration of
active ingredient and the P.C.P. Act registration
number

. A canopy divided into compartments.

. A system of transferring pesticides and rinse water

form their container to a spray tank without the need
for an operator to handle an open pssticide container.

. Alink through which a contaminant may enter a water

supply as a result of backflow.

. Maintain an air gap between the water supply line and

a pesticide in a mixing tank.

. Triple-rinsing, pressure-finsing.

10.Every day after use. Hot.

11.Absorb or soak up, decontaminate, remove waste

absorbent to a safe disposal site.

12.Local Police, medical authorities if necessary, Ministry

of Water, Land and Air Protection, or if a spill
represents an immediate danger to the environment,
call the emergency 24 hour answering service. Call
CANUTEC for technical information on spill cleanup.

13.Toxic fumes, poisonous runoff from water sprayed,

release of concentrated pesticides from leaking or
exploding containers.




Chapter 6
PROTECTIVE GEAR AND CLOTHING
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INTRODUCTION

Various types of protective clothing and devices are
available and may be specified on label directions, for
reducing exposure to pesticides. Most frequently, pesti-
cide-related iliness occurs when insufficient protection is
used to prevent skin, eye or lung contamination. Those
who handle pesticides should have an understanding of
the types of protective equipment available in order to
select equipment appropriate for their situation.

The need for protective clothing to ensure an indi-
vidual's safety varies with the toxicity of the pesticide and
the possibility of exposure to the pesticide. Workers who
handle pesticides during loading or mixing may be
exposed to pesticide concentrates. They require protec-
tion from pesticide splashes or spills and possibly
vapours. Workers involved in flagging for aerial applica-
tions may risk exposure to spray drift. They should have
full protection for dermal exposure. Those workers who
apply the diluted material during ground applications may
not be exposed to significant levels of pesticide and mini-
mum protective clothing may be appropriate. No pesti-
cides should be applied without at least a long-
sleeved shirt, long-legged trousers and shoes and
socks.

Table 8 provides a general guide to protective cloth-
ing and equipment that should be worn for applications of
granular and liquid pesticides. These recommendations
may be modified to suit specific situations, based on an
assessment of the hazard. Various items of protective
clothing are illustrated in Figure 12.

PROTECTIVE CLOTHING

COVERALLS

Coveralls with long sleeves and full pant legs give
protection for low to moderate hazard pesticides pro-
vided they will not become wet through from spray drift
or spillage. They should be removed immediately after
pesticide application is completed for the day. There are
two types of coveralls: reusable and disposable. Reusa-
ble coveralls, commonly worn for construction work, are
generally made of cotton or polyester. The material
should be tightly woven. Polyester coveralls are more
quickly penetrated by liquids than cotton and not as suit-
able for use with liquid pesticides. Coveralls should be
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washed separately from other laundry after each day’s
use, but should be discarded if badly contaminated (see
section on personal cleanliness in Chapter 5).

The disposable coveralls are made of “Tyvald paly-
ethylene fibres, and are initially more resistant to pesti-
cide penefraﬂon than cotton ¢ ild be
day's use but can only withstand sev-
eral washes Effectiveness is reduced to that of cotton
coveralls after the first or second wash. They should be
discarded if damaged or badly contaminated. The dis-
posable coveralls come with various accessories includ-
ing attached hoods. They are light weight and
reasonably comfortable in hot weather. They provide
good skin protection for a single day’s use in moderately
hazardous situations, provided they do not become torn

or frayed.
BOOTS

Waterproof, unlined boots should be worn when
loading, mixing or spraying pesticides, or walking on
contaminated areas. Knee-length boots offer the best
protection. Leather orfabnc boots and shoes should not

BCE cides and cannot

be cleaned eﬁecuvely

Coverall pant legs should be wom outside the
top of boots. This will prevent spills and splashes from
running into the boot and soaking legs or feet. The out-
side of boots shouid be thoroughly washed after each
use; the inside of boots should be washed if there is any
likelihood of contamination.

GLOVES

As a rule, never handle pesticides without gloves.
Most pesticides can be absorbed through hands, so

hand protection is important. Do not use leather, cloth or
canvas gloves or cloth-lined gloves with liquid formula-
tions. If these materials become contaminated with pes-
ticides they can increase the rate of absorption into the

hand.

Protective gloves are made from various materials
including natural rubber, neoprene, nitrile rubber, poly-
ethylene, polyvinyl chloride and polyvmyl alcohol. Neo-
prene has been found to be superior to rubber in
resisting the penetration of many pesticide carriers.
However, no one material is likely to provide protection
against all types of pesticides. Check with the supplier
on the recommended use of a specific glove type. Some

- pesticide labels recommend specific gloves.

Wear coverall or spray suit sleeves outside gloves
to prevent spray running down sleeves into gloves. If
there is a chance that pesticide may drip from the glove
onto the arm under the protective sleeve (e.g. if it is nec-
essary to work with arms raised upward), tightly secure
the garment sleeve to the glove (e.g. with elastic band).

Gloves that extend up the forearm (gauntiet type)
are desirable for mixing pesticides.

It is important to minimize hand contamination
when removing gloves. W.C.B. (1985), suggest three

techniques as follows:

= wash gloves prior to removal, or

* wear a light pair of disposable plastic gloves inside the
outer gloves. Remove both outer gloves before remov-
ing the disposable gloves. Discard the disposables

after each use, or

» wear relatively loose-fitting gloves for easy removal.

Do not use gloves with excessive wear or punc-
tures. Before use, check gloves for leaks. Roll the glove
from the wrist to trap air in the fingers and immerse the
glove in water. Under heavy use situations, gloves
should be replaced after a few days use.

Table 8. Examples of protective clothing and equipment for application of granular or liquid pesticides.

Precautionary Signal Words on Label

FORMULATION CAUTION — POISON

WARNING — POISON

DANGER — POISON

Granular Long legged trousers and
long-sleeved shirt, shoes

and socks.

Spray (little exposure to Coveralls, boots, hat,

spray) gloves.
Spray (coveralls could be Waterproof suit, boots
wet through or high expo- gloves, hat, goggles.

sure hazard)

Coveralls, shoes and
socks, hat, gloves.

Coveralls, boots, hat,
gloves. Goggles if advised
by label. Cartridge or can-
ister respirator if label says
to avoid breathing vapours
or spray mists.

Waterproof suit, boots,
gloves, hat, goggles, car-
tridge or canister respira-
tor.

Coveralls, boots, hat,
gloves, cartridge or canis-
ter respirator if dusts in air
or if label says to avoid
breathing dust or vapours.

Coveralls, boots, hat,
gloves, goggles. Cartridge
or canister respirator if
label says to avoid breath-

ing vapours or spray mists.

Waterproof suit, boots,
gloves, watemproof hood,
full-face cartridge or canis-
ter respirator.
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HATS

Waterproof headgear must be worn where pesti-
cides might splash or spray drift might occur at head
level. Felt, straw or leather hats or hats with cloth sweat-
bands should not be worn by applicators. These mate-
rials will absorb pesticides. Preferable hat designs
include a rubber or plastic rain hat or wide brim safety
helmet without cloth liner. Neck capes that attach to the
back of a helmet are available to reduce spray drift con-
tacting the neck. Where there is potential for splashing
of pesticides or severe spray drift, a helmet that covers
the head, attached to a hood that covers the neck and
upper shoulders is particularly effective in preventing
pesticide contact in the upper body areas.

Wash and dry headgear after each use, before
storing.

APRONS

When pouring or handling concentrated pssticides,
it is a good practice to wear an apron. The label on
some pesticides indicates an apron must be worn. The
apron protects the front of a worker's body from spills or
splashes. The apron should be made of rubber or a syn-
thetic liquid-proof material and should resist the solvents
used in formulating the pesticide. it should cover the
front of the body from chest to boots.

SPRAY SUITS

The labels of some toxic pesticides require that
applicators wear a waterproof spray suit during spray
operations. Waterproof suits should also be worn by
applicators or observers who could have their coveralls
wetted through by working near sprayed objects, or by
accidental spray drift. Such a suit should cover work
clothes and should be tear-resistant. The suit should be
made of fabric that will resist penetration of the solvents
used to formulate the pesticides. Neoprene and polyvi-
nyl chloride both provide substantial protection against
most pesticides, but are less resistant to penetration
from emulsifiable concentrate solvents such as xylene
and some of the organcochlorines. The resistance of a
fabric to penetration also depends on the thickness of
the coating. Check the equipment suppliers for recom-
mendations on fabric for the specific pesticide used. Fol-
low manufacturers’ recommendations in cleaning,
decontamination and care of your spray suit. Full body
spray suits tend to become hot in warm weather. Ideally,
pesticide treatments should be made when tempera-
tures are low enough for applicators to work under con-
ditions that are both safe and comfortable.

Brimmed
waterproof hat

Goggles

Coverall

Unlined waterproof
gloves

Coverall leg

over boots
\

Waterproof
unlined boots — W

Figure 12. Example of minimal protective clothing to
be used when applying pesticide sprays.

51



" EYE AND FACE PROTECTION

hapt.
6

GOGGLES

Eyes must be protected where there is a possibility
of their exposure to powder or liquid pesticides which
might drift or splash from various directions (e.g. during
spray application). They are particularly important to pro-
tect the eyes where pesticide spray mists are present.
Several types of non-fogging goggles are available.
Some fit over eyeglasses. Qo nol use designs made only
to protect against projectiles fram.grdading-or cutting.
These may have ventilation holes which allow pesticides
to leak inside. Avoid goggles with a headband made of
foam or other material which readily absorbs pesticides.
Wash goggles with soap and warm water after each use.

FACE SHIELDS

Face shields are required to protect the eyes and
face when there is a possibility of a splash of relatively
toxic pesticide from one direction. It is especially impor-
tant to protect the eyes and face when pouring or mixing
liquid concentrates. Clear plastic visors which provide
the maximum coverage of the face and neck should be
selected. Some visors attach to a hard hat and can be
raised or lowered as needed. Note that face shields will
not protect the eyes in spray mist situations. Face shields
should be washed with soap and warm water after each
use.

RESPIRATORY PROTECTION
EQUIPMENT

Appropriate respirators must be worn by workers
who may be exposed to harmful levels of pesticides in
the air. Specific types of respirators protect against spe-
cific chemical gases and vapours. Be sure you choose
one made and approved for the pesticides you will use.
There are five general types of respirators for use with
pesticides.

DUST, FUME AND MIST
RESPIRATORS

Dust, fume and mist respitators.aze-physicaldillers
(Figure 13) which only protect against pesticide dusts.
They are not eﬁem@ﬁ'sﬁavﬁ%a_nﬂmny
pesticides which emit vapours. This type of respirator
should only be used for dusts which give off virtually no
vapours. Although the name of these respirators includes

the term ‘fume’, it refers to particles formed during weld-
ing operations, not pesticide fumes or vapours.

Figure 13. Dust, fume and mist respirator.

CHEMICAL CARTRIDGE
RESPIRATORS

Chemical cartridge respirators are usually
designed as half-face masks that cover the nose and
mouth but do not protect the eyes (Figure 14). Full-face
cartridge respirators are available, however, which pro-
vide more protection to the face and eyes. They have
one or two cartridges containing absorbants, such as
activated charcoal, attached to the face plate. There is
usually a one-way valve which allows the inhaled air to
pass through the cartridge and the exhaled air flows out
through a separate exhaust valve. The chemical filters
must be provided with a dust/mist prefiiter to be effec-
tive.

Figure 14. Chemical cartridge respirator.

Chemical cartridge respirators are recommended
for shon-term outdoor use for protection against low
concentra cig :
example. when mixing pestncides outdoors W.C.B.
approves this use where pesticides in air are at concen-
trations around or just above the maximum permissible
levels for no protectson in the workplace The! should

be use SEes
%hyl bmmade alummum phosphtde and hydrogen
cyanide.
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Guidelines on the operational life and performance
of filters and cartridges generally accompany the prod-
ucts. See the section below on the use and cleaning of
respirators.

POWERED AIR-PURIFYING
RESPIRATORS

Powered air-purifying respirators use an electric
pump to draw air through a filter at a specific rate. The
air is delivered to a tight-fitting face plate or a loose-
fitting helmet. These respirators must be approved for
chemical filtration and sufficient air must flow through
them. Air replacement must be at least 113 L/min (4 ft¥/
min) with a face plate and 170 L/min (6 ft*/min) with the
hood and helmet. With these air replacement rates,
powered air-purifying respirators offer somewhat better
protection than cartridge respirators.

CANISTER RESPIRATORS (GAS
MASKS)

These devices work on the same principle as
chemical cartridge respirators but usually have a full

face-piece that covers eyes, nose and mouth (Figure 15).

They also have a larger container of absorbant material.
Canisters specify the maximum concentration of con-
taminant against which the respirator is considered
effective. They also warn that the unit is not to be used
in situations immediately dangerous to life or health.
Canister gas masks are generally suitable for continu-
o i i ject to rapid change.
They should not be used in confined spaces where oxy-
gen deficiency or high gas concentrations may occur,
such as in fumigated structures.

Figure 15. Cannister respirator (gas mask)

SELF-CONTAINED BREATHING
APPARATUS

A self-contained breathing apparatus is equipped
with a cylinder of compressed air which is usually car-
ried on the back. These respirators may be used for
short duration work in areas with a high concentration of
toxic gases, such as a fumigated greenhouse. They are
also used for emergency situations, such as fire-fighting,
where toxic fumes might be present.

SUPPLIED-AIR RESPIRATORS

Supplied-air respirators are provided with an air
supply through a hose from a safe, distant supply. They
are suited for work in contaminated atmospheres where
a long-term air supply is needed. In such situations
where the absence of respiratory protection would be
immediately hazardous to life or health, supplied-air
respirators must be equipped with a reserve air bottie
(e.g. sufficient for five minutes) carried by the user for
emergency escape purposes.

USE AND CLEANING OF
RESPIRATORY DEVICES

Before use, ensure the respirator is clean and in
good working order. The half-face cartridge respirator
can be checked to ensure the chemical cartridge is
properly connected to the respirator and the prefilter is
in front of the cartridge with the correct side facing out.
Ensure the valves are clean and function correctly and

. the face-piece is not warped or cracked.

A respirator or mask should be fitted properly to
the face. Adjust headbands tightly enough to obtain a
good seal. Manufacturers can usually supply special
face-pieces if the standard one does not fit. If you have
long sideburns, moustache or a beard, you may find it
impossible to seal the respirator or gas mask to your
face. Shave; do not risk your life for a few hairs.

Prior to entering the use area, the face seal of
respirators should be checked in accordance with the
manufacturer’s instructions. You should use the inhala-
tion and exhalation test with the face mask (W.C.B.,
1985).

Inhalation Test: Place the palm of the hands over the
cartridge assemblies or inhalation points and inhale. If
no air enters and the face-piece collapses slightly, the
respirator is properly fitted and the exhalation valve is
closing correctly.

Exhalation Test: Place the palm of the hand or thumb
over the exhalation valve guard and press lightly. Exhale
to cause a slight pressure inside the face-piece. If no air
escapes, the face-piece is properly fitted and the inhala-
tion valves are closing correctly. If air escapes, readjust
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the respirator and test again, or check the condition of
the exhalation valve.

Respirators with specific cartridges or canisters are
required for use with certain types of pesticides. Be sure
to wear the correct respirator approved for the pesticide
you are handling. It is recommended that only respirators
with the NIOSH (National Institute for Occupational
Safety and Health) seal of approval be used. Use of non-
approved respirators may provide no protection.

The life of chemical absorbing cartridges or canis-
ters varies according to the concentrations of pesticides
encountered. Change the prefilters on cartridges if
breathing through the respirator becomes difficult.
Change chemical cartridges if any pesticide odour is
noticed when breathing through the respirator. As a
rough guide, one should change prefilters after every
four hours of use in moderately dusty or misty condi-
tions. Chemical cariridges should usually be changed
after eight hours of use with moderate exposure to
vapours. These times will vary depending on the pesti-
cide, its hazards and the application method.

Replace canisters when they have exceeded their

Questions

1. What protective clothing and equipment should you wear
for applying a pesticide with the label signal word “Wam-
ing” where you may be exposed to little spray drift?

2. Why should you wear unlined boots and gloves when
working with pesticides?

3. When would you use an apron for protection from pesti-
cides? ’

4. When would you hse a waterproof spray suit?

5. Match the following respirators with their recommended
uses: cartridge, cannister, supplied air —

a) continuous use in ventilated areas where pesticide con-
centrations are below levels immediately danger-
ous to heatth.

b) long-term work in contaminated or oxygen-deficient
atmospheres.

c) short-term, outdocor use, low pesticide concentrations,

6. How often should you change the prefiiters and cartridges
in a respirator?

expiry date or when the colour in those equipped with a
view window indicates the end of service life. While an
unopened canister may have a shelf life of three years, it
will not last as long when the seal is broken. Do not use a
canister with a broken seal if it is not known when and
where it was last used.

Respirators should be cleaned after each use.
Remove filters, cartridges or canisters. Disassemble fur-
ther as indicated by the manufacturer’s instructions.
Wash the face-piece with soap and warm water. Rinse
thoroughly in clean water to remove all traces of soap.
Dry the face-piece with a clean cloth, that is not contami-
nated with pesticide, and reassemble. Check the hose
clamps and lens clamps surrounding the visor of canister
respirators. Store in a clean dry location, preferably ina
tightly-closed paper or plastic bag.

Much of the information on respirators in this chap-
ter was summarized from the following publication:

W.C.B. 1985. Standard Praclices for Pesticide Applicators. A
manual of health information and safe practices for work-
ers who apply pesticides. First Edition. Workers' Compen-
sation Board of Brilish Columbia. 216 pp.

CHAPTER QUIZ
|

Answers

1. Coveralls, boots, hat, gloves, goggles if advised by label;
respirator if label says to avoid breathing dusts, vapours or
spray mists.

2. A contaminated lining can increase the rate of absorption
of pesticides. .

3. When mixing most pesticides.

4. When required by the label or when coveralls could be
wetted through by spray.

5. cartridge — (c); canister — (a); supplied-air — (b).

6. Change prefilters whengr_g_aghin% becomes difficult or

after four hours use; change ges when any pesti-
cide odour breakthrough is noticed, or after eight hours of
use.

Y3333 3333333333333 33333)33333333333333333)3)



FII3IIIBIIIBIIIIINIIINIIIIIIIIIFIINIIIIIIINIIBIDIIFINIANATD

Chapter 7

PESTICIDE POISONING AND FIRST AID
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EARLY RECOGNITION OF
PESTICIDE POISONING

It is essential that a pesticide poisoning be recog-
nized quickly and treated promptly. Immediate treatment
may mean the difference between mild or serious effects
from over-exposure to a pesticide. An incident of pesti-
cide poisoning may be obvious, such as when a person
is exposed to excessively high levels during an acciden-
tal spill or splash. Sometimes, however, poisoning may
only be identified from the symptoms seen or felt by the

poisoned person or noted by co-workers, without the
knowledge that excessive exposure has occurred.
Everyone working with pesticides should be familiar with
typical symptoms of pesticide poisoning (Table 9).

In particular, workers should be alert to symptoms
of the early stages of poisoning; if any symptom of poi-
soning develops, the source of exposure must be
removed immediately and completely. Additional expo-
sure must be prevented in order to minimize injury. -
Immediate and complete removal of the source of
exposure may save a person’s life. Then, first aid
treatment should be provided and medical attention
should be obtained.

Table 9. Some general symptoms which might indicate pesticide poisoning has occurred.

mild poisoning moderate poisoning severe poisoning
headache any mild symptoms pius any of the any mild or moderate symptoms plus
dizziness following: any of the following:
loss of appetite vomiting inability to breathe
thirst excessive salivation severe secretion from respiratory
nausea coughing tract
irritation of throat and nose feeling of constriction in throat and
diarrhea chest
abdominal cramps
eye irritation blurring of vision
constriction of pupils chemical bums on skin
skin irritation :
Lo rapid p_ulse L respiratory distress
perspiration excessive perspiration
weakness profound weakness loss of reflexes
fatigue trembling uncontrollable muscular twitching
* muscular incoordination
restlessness mental confusion unconsciousness
nervousness
changes in mood
insomnia
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In some situations it may not be easy o decide
whether an individual's symptoms are caused by pesti-
cide poisoning, even if the person was using pesticides.
Many sicknesses and diseases also produce similar
symptoms. If in doubt, obtain advice from a physician or
the nearest Pgison Control Centre,

Advice on the management of E%isonin%s can be
obtained by telephoning local Poison Control Centres,
listed on the inside of the front cover of telephone direc-
tories, or the B.C. Drug and Poison Information Centre
in Vancouver at 682-5050. When calling these agen-
cies, it is helpful to tell them the name and concentration
of the active ingredient and rmmmmr on the
product label, if possible. Natifibhe W NRENSI
tion Board as soon as p i

r 2 worker. Telephone the
nearest W. g hours, or their Van-
couver office at 273-7711 al all other times.

At the work site, post the name, address and cur-
rent telephone number of the physician, clinic or Poison
Control Centre that will provide care in the event a per-

son is poisoned.

TYPICAL HEALTH EFFECTS
OF MAJOR PESTICIDE
GROUPS

Generally, pesticides with similar chemical structure
cause similar symptoms of poiscning. Those people
working with pesticides should be familiar with symptoms
of poisoning caused by the major groups of pesticides.

Organochlorine Pesticides (chlorinated hydrocar-
bons). This group includes such insecticides as endosul-
fan, lindane and methoxychlor. Pesticides in this group
generally have maoderate to low toxicity to humans. They
are absorbed effectively from the gut and through the
skin. In sufficiently large doses, they interfere with parve
impulses, resulting in behavioral changes. Symptoms of
poisoning may include headache, dizziness, fatigue,
nausea, apprehension, excitability, vomitlng, trem-
bling or convulsions.

Some of these pesticides can accumulate in the
fatty tissues of humans as a result of a few large doses
or repeated small doses. However, such pesticides
stored in fatty tissues appear inactive and have not been
demonstrated to cause chronic (long-term) toxicity prob-
lems.

Organophosphorous Pesticides. This group includes
such insecticides as dimethoate, diazinon, dichlorvos,
malathion and parathion. Many pesticides in this group
are highly toxic and are réadily absorbed through the
skin, lungs or digestive tract. Even the least toxic of this
group is easily capable of poisoning humans when used
improperly. Repeated exposure to small doses is also
dangerous. Symptoms of acute poisoning occur during

exposure or usually within 12 hours of contact and
include headache, dizziness, weakness, excessive
perspiration, nausea, diarrhea, blurred vision, exces-
sive salivation, feeling of constriction in the throat
and chest, muscle twitching, constriction of pupils
and convulsions.

Organophosphorous ggsﬂcndgs gﬁect humans and
animals by interfering 1 an_en; K
ase. necessary for proper nerve functlomng When cho-
linesterase is unable to perform its normal function, the
nerves in the body continue to send messages to the
muscles. These continuous messages cause the mus-
cles to twitch constantly and ‘tremors’ or ‘fibrillations’
occur. If the muscle action becomes intense, the victim
may have fits or convulsions. In cases of severe poison-
ing, quick and proper medical treatment can still save
persons in the advanced stages of organophosphorous
poisoning, even though they may be near death.

in general, mild exposure to these pesticides at
infrequent intervals is unlikely to produce toxic effects.
However, there is a danger from repeated small expo-
sures, as symptoms of poisoning may occur suddenly
without warning. There are usually no serious long-term
effects from small exposures, so long as renewed expo-
sure is avoided until such time as cholinesterase levels
return to normal. However, if exposure continues, there
may be an irreversible inhibition of cholinesterase, result-
ing in long-term health effects.

Carbamate Pesticides. This group includes such insec-
ticides as aldicarb, carbofuran, carbaryl and propoxur
Some are highly toxic, ohers moderately toxic.

The mode of action of these compounds is very
similar to that of the organophosphorous compounds in
that they inhibit the enzyme chollnesterase However, the

g Sty

S are ( AS rapiaty eversmg inhib-
nors of cholmesterase The reversal is so rapid that,
unless special precautions are taken, measurements of
blood cholinesterase of humans exposed to carbamates
are likely to be inaccurate and always in the direction of
appearing to be normal. The symptoms of carbamate
poisoning are similar to those caused by the organo-
phosphorous pesticides, but of shorter duration.

Dithiocarbamate and Thiocarbamate Pesticides. This
group includes many fungicides and herbicides such as
thiram, ziram, maneb, bufylale and vernolate. They are
generally not very toxic. They do not inhibit cholinester-
ase. Some may be irritating to the skin, eyes, nose,
throat or lungs. Very large doses may cause nausea,
vomiting or muscle weakness.

Phenoxy Herbicides. These are herhjcides of moderate
to low toxicity to mammals and include 2,4-D and MCPA.
Exposure by breathing and absorption of the formulated
products can produce ill effects particularly with some
solvents used. Some are moderately irritating to skin,
eyes, respiratory tract and gut lining. Symptoms of poi-
soning include burning in chest from inhalation, chest
and abdominal pain, diarrhea, muscle twitching,
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muscle tenderness or stiffness in extremities, fever,
hyper-ventilation, coma and convulsions in cases of
severe exposure.

Dinitrophenols. Compounds in this group are used as
fungicides. insecticides and herbicides (DNOC, dinocap.
dinoseb). Dinitrophenol poisoning stimulates certain
body processes and may cause fever, sweating, thirst,
rapid breathing, rapid heartbeat, or convulsions. In
cases of a single, large exposure to dinitrophenols, the
signs and symptoms of poisoning may occur rapidly. If
death occurs, it probably will be within 24 to 48 hours.
However, if the patient receives adequate medical atten-
tion and the exposure to the chemical has not been
severe, the patient will probably recover completely.

Botanical Pesticides. These pesticides vary greatly in
their chemical structure and also in their toxicity to
humans. _

g¥%mﬁns are ipseclicides derived from certain
chrysanthemurn flowers. They have a moderate acute
toxicity to mammals, but can produce allergic-type reac-
tions from dermal exposure or irritate the throat and
lungs (producing wheezing or coughing in some individ-
uals) from inhalation. The %é%%lroi synthetic ana-
logues of pyrethrins) have’; erate acute toxic-
ity to mammals and may be irritating to the skin.

‘“"r’? %chnine is a highly toxic botanical radenticide
whi nervous system. Doses as small as 16
mg have been known to be lethal to an adult. Within 10 to
30 minutes after swallowing strychnine the victim exhibits
symptoms. There may be a series of violent convul-
sions or fits at intervals of 10 to 15 minutes. Between
convulsions, the victim usually relaxes and may falil
asleep. Any stimulus, such as noise, may trigger another
convulsion. If the victim survives the first 5 to 6 hours,
there is a good chance of recovery.

Petroleum Products. Petroleum products are used as
solvents and carriers, or for their pesticidal properties
(e.g. dormant oils). Two types should be considered:

(a) isdi e.g. kerosene, solvent distillate,
diesel oil) have a wide range of toxicities. Symptoms
of acute poisoning may include nausea, vomiting,
cough and irritation to the lungs which may prog-
ress to bronchial pneumonia with fever and cough.
If more than 1 mg/kg has been ingested, symptoms of
central nervous system depression and irritation may
occur, including weakness, dizziness, slow and
shallow respiration, unconsciousness and con-
vulsions. Chronic poisoning may cause weakness,
welight loss, anemia, nervousness, pains in the
limbs or peripheral numbness.

(b) aromatic hvdrocarbons (e.g. xylene) — lethal doses
range from 200 to 1,000 mg/kg. Symptoms of acute
paisoning may include dizziness, euphoria, head-
ache, nausea, vomiting, tightness in chest and
staggering. More severe symptoms are blurred
vision, rapid respiration, paralysis, unconscious-
ness and convulsions.

FIRST AID TREATMENT FOR
PESTICIDE POISONING

It is essential that victims showing effects (intoxica-
tion) from contact with pesticides be attended to immedi-
ately. Prompt treatment may mean the difference
between life and death. Remember that first aid treat-
ment is not a substitute for medical treatment, but it can
sustain a patient or prevent further complications until
medical help is available. Know what first aid to follow in
poisoning emergencies.

The procedures listed below should be followed
when pesticide exposure resulls in, or is expected to
result in, more than a mild irritation. For minor exposures
resulling in no poisoning symptoms, take steps to stop
further exposure to the pesticide.

GENERAL INSTRUCTIONS

SKSTEP 1. PREVENT ADDITIONAL PESTIC

SUR
Move the patient away from the pesticide-contami-
nated area and remove any contaminated clothing. Avoid
contaminating yourself.

CHECK |
. If breathing Is very weak or has ceased, clear air-
way of obstructions and administer artificial respiration.
Artificial respiration takes precedence over all gther
first aid procedures. Continue until victim is breath-
ﬁﬁ'ﬁﬁl\%ﬂ?ﬁmut assistance or until medical help
is obtained. :

When performing mouth-to-mouth resuscitation, it
may be necessary to use a plastic face-mask (available
from St. John Ambulance) to avoid direct contact with a
patient’s mouth, if contaminated with a toxic pesticide. A
shaped plastic airway is useful to maintain a clear air
passage to the lungs.

During mouth-to-mouth resuscitation, remove
objects from the patient’s mouth, hold the chin up, tilt the
head back as far as possible, pinch the nostrils and blow
into the mouth until the chest rises. Repeat 10 times per
minute.

.

2 ~

CallTpRAYsician or Poison Control Centre. Provide
as much information as possible about the pesticide, his-
tory of exposure and pajsanjng.symptoms. Save the pes-
ticide container and material in it (if any remains), and
get a readable label or the name of the pesticide product,
active ingredient and product registration number to give
the attending physician or Pgison Control Centre. If the
poison is not known, save a sample of vomitus for analy-
sis. If medical help cannot be obtained or is delayed,
transport the victim to the nearest hospital or physi-
cian’s office.
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Do not leave a critically ill patient alone. Get some-
one else to arrange transportation to the Emergency
Department of the nearest hospital.

INSTRUCTIONS FOR SPECIFIC
TYPES OF POISONING INCIDENTS

Poison on Skin

* Remove clothing and place contaminated clothing in a
marked plastic bag.

» Drench skin with water (shower, hose, faucet).

» Wash contaminated skin and/or hair thoroughly with
soap and water (remember to clean under fingernails
and toenails); follow with a rubbing alcohol wash, then
repeat procedure. Speed in washing is most important

. in reducing the extent of injury.

¢ Dry the viclim and wrap in a blanket.

Poison in Eyes

 Hold eyelids open, wash eyes immediately with gentle
stream of clean warm water. Use large amounts of
water. Delay of a few seconds greatly increases the
extent of an eye injury.

« Continue washing for 15 minutes or more.

* Do not use chemicals or drugs in wash water; they may
increase the extent of injury.

Inhaled Poisons (dust, vapours, gases)

¢ |f victim is in an enclosed space, do not attempt to
rescue without proper respiratory equipment.

e Carry patient (do not allow walking) to fresh air immedi-
ately.

» Loosen all tight clothing.

* Apply artificial respiration if breathing has stopped or is
irregular.

¢ Prevent chilling (wrap patlent in blankets but do not
overheat).

* Keep patient as quiet as possable.

» |f patient is convulsing, watch breathing and protect
from falling and striking head on the floor or wall. Keep
patient’s chin up so the air passage will remain free for
breathing.

Swallowed Poisons
* Try to contact a medical authority (e.g. at a Poison Con-
trol Centre listed inside the front cover of telephone

directories). Ask if vomiting should be induced.
* Where medical advice cannot be obtained, quickly

induce vomiting -
@) the pesﬁcﬁe label recommends to induce vomit-

ing,
(b) patient is conscious and not too drowsy to sit up
or has not lost the gag refiex,
(c) patient is not having convulsions, and
(d) patient has not swallowed a corrosive poison;
symptoms include severe pain and buming sen-
sation in mouth and throat.
Induce vomiting by giving the patient water and gently
tickling the back of the throat and tongue with a finger
to make the person gag.

* Where a medical authority can be contacted, ask direc-
tions before inducing vomiting. The medical authority
will likely recommend that vomiting be induced by giv-
ing the individual 2 tablespoons (30 mL) of Ipecac
syrup, followed by 2 cups of water.

The medical authority may recommend to induce
vomiting, even if not indicated on the pesticide label.
Sometimes pesticide labels recommend against vomit-
ing because the pesticide contains a petroleum product
as a carrier or solvent. This is because there is a risk
that the petroleum product may be inhaled, leading to
chemical pneumonitis. However, a medical authority
may recommend vomiting where the risk of injury from
the pesticide active ingredient is greater than the risk of
injury from inhaling the petroleum product.

¢ When retching and vomiting begin, place patient face
down with head lowered, thus preventing vomitus from
entering the lungs and causing further damage. Do not
let patient lie on back. Clean vomitus from patient and
collect some in case the doctor needs it for chemical
tests.

¢ If there is some difficulty in getting the patient to vomit,
itis better to start moving toward the hospital; vomiting
may be induced enroute to the hospital. Head for the
hospital because drugs can be administered there to
induce vomiting and stomach pumps are available.

e Activated charcoal may be used to absorb any remain-
ing pesticide in the stomach. It may be given after vom-
iting is complete or if vomiting is not appropriate. Acti-
vated charcoal should be administered only with the
advice of a medical attendant or doctor. .

¢ If a person has swallowed a corrosive poison, immedi-
ately give them 1/2 to 1 glass of milk or water. Larger
quantities may cause vomiting. Do not give substances
to neutralize acid or alkali. Do not induce vomiting.

Chemical Burns on Skin

* Remove contaminated clothing.

¢ Wash with large quantities of running water.

¢ Immediately cover with loosely-applied clean cloth (any
kind will do).

¢ Avoid use of ointments, greases. ;ggwders or other
drugs. Uio nog % neulralize_corrosive poisons.

¢ Treat sh eeping patient lying down, warm, and

reassured until the arrival of a doctor.

If Pesticide is Known to be an Organophos-
phorous or Carbamate Product and Symp-
toms are Severe

If so instructed by a Paison Coptrol Centre.or a
physician, administer 2 atropine tablets of 0.6 mg each.

ace ablets either under the tongue or between the
gum and upper lip, so that they can dissolve. if medical
attention has not been reached at the end of one hour
and the victim still shows an organophosphorous reac-
tion, give two more atropine tablets. Inform attending
physician if atropine has been administered.

Ensure victim is conscious and breathing
before administering atropine. Do not give atropine if
victim is already turning blue from lack of oxygen or is
unconscious.
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If Pesticide is Known to be a Dinitrophenol
Compound

Keep victim cool. Give cool liquids by mouth. Never
administer atropine. If a dinitrophenol compound has
been swallowed, induce vomiting.

Where you are the Victim and Alone
¢ |f you have been exposed 10 a toxic pesticide and are
beginning to feel any iliness, have someone take you to
a doctor without delay. Take along information about
the pesticide, preferably a label or name of the product
and registration number.

¢ |f you have been exposed to a pesticide and are alone,
remain calm. The serious effects are generally not
instantaneous so you will have time to protect yourself.

* Prevent additional exposure: on clothing — remove
clothing and wash; in eyes — wash for 15 minutes;
if swallowed — read label and if vomiting is
recommended, induce it with Ipecac syrup. This
may save your life.

FIRST AID KIT AND
EMERGENCY SUPPLIES

If you plan to work with any pesticide and
especially if you intend to use any of the highly toxic
chemicals, you should have a specially designed first aid
kit available. Supplies such as bandages and tape for
other emergencies may also be included. This first aid kit
may save your life, keep it handy! Your first aid kit should
include the following for pesticide emergencies:

* Soap — plastic bottle of detergent to wash pesticide off
skin.

* Rubbing alcohol — for cleaning skin (e.g. 70%
isopropyl alcohol).

* Gloves — pair of clean, waterproof gloves to prevent
skin contamination of person who administers first-aid.

* Clean drinking cup.
* Eye wash bottle — for washing eyes.

* Plastic face-mask — for use during mouth-to-mouth
resuscitation to avoid direct contact with patient’s
mouth if contaminated with pesticide.

* Paper towels to wipe up splashes or small spills.

* Telephone information — numbers of Poison Control
Centres and several quarters for emergency phone
calls.

THE FOLLOWING CONTENTS ARE TO BE ADMINIS-
TERED UPON INSTRUCTION OF A PHYSICIAN ONLY

* |pecac syrup — to induce vomiting.
* Activated charcoal — to adsorb pesticide in stomach.

in addition to the first aid kit materials there should
be a supply of fresh water for drinking if a pesticide is
swallowed, for washing if skin is contaminated or for a
continuous eye wash, if a pesticide is splashed in the
eyes. Running water or a portable container with at least
45 litres of water must be present at all mixing, loading
and application sites.

CHOLINESTERASE TESTS

Persons who handle or apply organophosphorous
or carbamate pesticides on a regular basis should con-
sult their physician or the Workers' Compensation Board
regarding the necessity of periodic cholinesterase tests.
Cholinesterase enzyme levels in the body are depressed
by both organophosphorous and carbamate pesticides. it
is possible to measure cholinesterase levels in the blood
in order to help determine whether a person is suffering
from exposure to these pesticides. This can help diag-
nose the cause of a poisoning or warn that someone is
being exposed to these pesticides before he suffers seri-
ous symptoms of poisoning.

In order to use the blood cholinesterase test, either .
in an emergency or on a routine check, it is importanf to
determine an individual's normal (pre-spray season)
level of cholinesterase. There are wide differences in
cholinesterase levels among individuals and the normal
level for each person must be known before they are
exposed to pesticides.

A low cholinesterase reading may not necessarily
be caused by exposure to an organophosphorous or car-
bamate pesticide, but severe exposure will always be
accompanied by depressed cholinesterase.

In the absence of additional exposure, blood cholin-
esterase enzymes will regenerate in about 120 days from
very low to normal values in the case of organophospho-
rous poisoning and more rapidly for carbamate poison-
ing. For carbamate insecticides, cholinesterase testing
must be done immedlately followung exposure to be of
much value. The tesl is inef (e fi te.f
gicides, .

itist highly recommended that applicators work-
ing frequently with organophosphorous pesticides
or carbamate insecticides monitor the severity of
their exposure to these compounds through a cho-
linesterase test program. Contact the nearest Work-
ers’ Compensation Board office directly or through
your family physician and plan the time of your pre-
season baseline test and one or more tests during
the spray season. This program Is established pri-
marily for workers under W.C.B. coverage, but other
workers can apply.




Questions , Answers
1. What degree of poiscning (mild, moderate, severe) would 1. (a) moderate, (b) mild, (c) severe

the following symptoms suggest: (a) vomiting, (b) irritation
of throat and nose, (c) unconirollable muscle twitching?

2. Who would you call to cbtain advice about pesticide poi- 2. Local Poison Control Centres or the B.C. Drug and Poison
soning? Information Centre

3. Who would you call to report a serious injury caused by a 3. Workers' Compensation Board, and Pesticide Control
pesticide accident, after the victim has received medical Branch if there has been a spill.
help?

4. Match the following pesticides with their general toxic prop- 4. organochlorine — (f), organophosphorous — (a), carba-
erties: organochlorine, organophosphorous, carbamate, mate — (d), phenoxy — (c), nitrophenol — (b), botanical —
phenaxy, nitrophenol, botanical — (e).

a) can be very toxic, danger from repeated small doses,
inactivate cholinesterase, affect nerve impulses to mus-
cles.

b) can be very toxic, speed up body processes, cause
fever, rapid breathing.

¢) moderate to low toxicity, moderately imitating to skin,
eyes, respiratory tract and gut lining.

d) some are highly toxic, others moderately toxic, inacti-
vate cholinesterase, broken down quickly, affect nerve
impulses.

e) wide range of toxicity, some produce allergic reactions
or are irritating to throat and lungs. .

f) moderately low toxicity, accumulate in fatty tissues, inter-
fere with nerve impulses resulling in behavioral changes
(e.g. apprehension, disorientation).

5. When working with whalt groups of pesticides should you 5. organophosphorous. carbamates (cholinesterase-inhibit-
consider having a cholinesterase test? Why? ing). Test is taken to determlne exposure to these pesti-
- 3 cides.
6. What would you do to stop pesticide exposure in the fol- 6. (a) remove clothing, drench skin with water, wash with
lowing cases (a) pesticide spilled on pant leg, (b) pesticide : soap and water — additional first aid as required.
in eyes, (c) pesticide swallowed? (b) hold eyelids open, wash eyes immediately for 15 minutes

or more — additional first aid as required.
— additional first aid as required.
(c) it a corrosive polson swallower

] Iting if advised by
doctor — also administer activated charcoal to absorb pes-
ticide in stomach if advised by doctor.

7. When would you not induce vomiting? 7. Patient is unconscious, having convuisions or has swal-
lowed a corrosive pesticide, or if there is concern about the
petroteum product coment of the pesticide.

8. What information should you have available when you 8. Pesticide label or name of pesticide product, active ingredi-
obtain medical help to attend a pesticide poisoning? ent and product registration number, plus a history of expo-
sure and poisoning symptoms.
Why should you carry a bottle of Ipecac syrup and gloves in Ipecac syrup to induce vomiting, gloves to prevent
your first aid kit? exposure to pesticide while handling/washing patient.
60
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SECTION III

PESTS, PESTICIDE USE
. AND
PROPERTIES
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INSECTS AND INSECTICIDES
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INSECT BIOLOGY to be controlled. It iss::tscesasr:rypet??demn%du?h?grtl socts.
need to be controlled and to select the most effective
control methods. These decisions require information

INTRODUCTION about insect structure, how they repraduce and develop,

Insects, and their close relatives, spiders, ticks,
mites and scorpions, are arthropods or “jointed-legged”
animals.

There are about 850,000 named species of
insects. They range in size from less than 1 mm to over
15 cm long. The large number of insects can be divided
into three categories according to their importance to
man:
¢ Species of minor economic importance. About 99

percent of all species are of minor economic impor-
tance. They are food for birds, fish, mammals, reptiles,
amphibians and other insects. Some have aesthetic
value.

 Beneficial insects. In this small but important group
are the predators and parasites that feed on destruc-
tive insects, mites and weeds. Also in this category
are the pollinating insects, the honey-producing bees
and other insects producing products used by man.

e Destructive insects. This category is probably the
most well known but it includes the fewest number of
species. These are the insects that feed on or cause
injury to humans, animals, and plants, or damage
food, fiber and structures.

their habits, and how they are identified.

INSECT STRUCTURE

All insects in the adult stage have two physical
characteristics in common. They have three pairs of
jointed legs and they have three body regions — the
head, thorax and abdomen. Figure 16 illustrates the
main characteristics of a typical adult insect.

The head of an insect contains antennae, eyes
and mouthparts. The antennae and eyes vary in size
and shape and are used to help identify some insects.
There are four general types of mouthparts:

* Chewing mouthparts are used to bite and tear food.
Silverfish, springtails, grasshoppers, cockroaches, ear-
wigs, termites, beetles, ants, wasps, bees and the cat-
erpillar stage of many butterflies and moths have
these mouthparts.

¢ Piercing and sucking mouthparts consist of a long
slender tube which is forced into plant or animal tissue
to suck out fluids or blcod. Insects with these mouth-
parts include stable flies, sucking lice, bed bugs, mos-
quitoes, true bugs and aphids.




Labrum
Mandible
MOUTH PARTS ( Maxilla

Labium

Spiracle
(air hole)

Ovipositors - egg laying

Figure 16. The general characteristics of a nonspecialized adult insect.

* Sponging mouthparts have a tubular tongue-like
structure with a spongy tip to suck up liquids or solu-
ble food. This type of mouthpart is found in the flesh
flies, blow flies and house flies.

» Syphoning mouthparts are formed into a long tube
for sucking nectar. Adult butterflies and moths have
these mouthparts.

The insect thorax contains the legs and the wings
(if present). The legs may be highly modified for such
activities as running, jumping, digging or swimming. The
thorax of adult insects may have two pairs of wings (e.g.
bees), one pair of wings (e.g. flies), or no wings (e.g.
silverfish and fleas). The wings may be simple and
transparent (e.g. flies) or covered with brightly covered
scales (e.g. butterflies), or hardened to provide a tough
body covering (e.g. beetles).

The insect abdomen may have various forms, but
in the adult it lacks true legs or wings. Feeler-like appen-
dages may be present on the hind end. The abdomen
bears the reproductive organs in both the male and
female insects. Along each side of the abdomen are
openings (spiracles) through which the insect breathes.

INSECT REPRODUCTION AND
DEVELOPMENT

Knowledge about insect reproduction and develop-
ment can be used to apply control measures at times
when pest species are most susceptible.

Most insect reproduction results from males fertiliz-
ing females. The exceptions include some aphids and
parasitic wasps which reproduce without mating. A few
insects give birth to live young; however, life for most

insects begins as an egg. Eggs may be deposited as a
single egg or in masses in soil or on plants, animals, or
structures. Temperature, humidity and light are major
factors influencing the time of hatching. .

When an insect first hatches from an egg, it begins
to feed and grows until its skin cannot stretch further.
The insect then sheds its skin (molts) and a new skin is -
formed. The growth stages between molts are called
instars — the last growth stage is the adult. The num-
ber of instars varies with different insect species and, in
some cases, may vary with the temperature, humidity
and availability and kinds of food. The heaviest feeding
generally occurs during the final two instars.

Some insects change their shape or acquire new
characteristics as they develop into adults. This change
is called metamorphosis. There are three main types of
insect development:

Without Metamorphosis. There are three development
stages: egg, young, and adult. The young (juvenile
stages) visually resemble the adult stage, except they
are smaller. A few insects have this type of develop-
ment, e.g. silverfish and springtails.

3313
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Gradual Metamorphosis. There are three development
stages: egg, nymph and aduit. Nymphs are missing cer-
tain adult features (e.g. wings or reproductive organs)
when they hatch, but gradually develop these features
as they mature. Wings become fully developed only in
the adult stage. Many insects have this type of develop-
ment, e.g. cockroaches, grasshoppers, termites, ear-
wigs, lice, thrips, plant bugs, aphids, scales and
leafhoppers.

Adult

Eqg Nymphs

Complete Metamorphosis. Four development stages
are recognized: egg, larva, pupa and adult. Larvae
hatch from the egg and grow larger by molting and
passing through one to several instar stages. The larvae
do not resemble the adult stage. The true or thoracic
legs of larvae may be underdeveloped, some have false
legs (prolegs) in the abdominal region and others have

no legs at all. Other names for the larval stage of certain

insects are:

e Caterpillars, the larvae of many moths, butterflies and
sawflies.

* Loopers, some larvae of moths and butterflies in
which some of the middle abdominal legs are missing.

¢ Grubs, some larvae of beetles and weevils.

e Maggots, the legless larvae of many flies and midges.

The pupa is a resting stage during which the larva
radically changes shape to become an aduit with legs,
wings, antennae and functional reproductive organs.
The adults usually live in different habitats and consume
different foods than the larvae. Many insects have this
type of development, e.g. beetles, weevils, butterfiies,
moths, flies, mosquitoes, fleas, bees, wasps and ants.

INSECT CLASSIFICATION

An important requirement of any pest control pro-
gram is accurate identification of the pest species. Sci-
entists have divided all insects into groups called
orders. Insects are placed in an order according to com-
mon characteristics such as the presence or absence of

wings, wing texture, type of mouthparts and type of met-
amorphosis.

The following is a brief description of the 14 orders
which contain most insect pests (scientific names of
orders are in brackets).

Silverfish and firebrats (Thysanura) are wingless
insects with chewing mouthparts. They can feed on and
damage fabrics, paper products, paste and books.

Eggs in Q
cracks and 950
crevices

«

Silverfish Lifecycle

Grasshoppers, crickets, cockroaches (Orthoptera)
have two pairs of wings and chewing mouthparts. Both
nymphs and adults cause damage.
- Wingless
nymph

-

Grasshopper Lifecycle

Termites (lsoptera) colonies contain three different
classes of individuals: workers, soldiers and swarmers.
The injurious termites are generally placed in two
groups: the dampwood and subterranean types. The
dampwood termite does not usually feed on sound
wood, whereas the subterranean termite can be found in
sound wood buildings and cause considerable damage
if not controlled.

Winged
reproductive

Adult Termites
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Earwigs (Dermaptera) are medium-sized insects, distin-
guished by the non-poisonous pinchers on their abdo-
mens. They have chewing mouthparts. The Eurapean
earwig is occasionally a pest of gardens, ornamentals,
small trees and homes.

:‘\“'\J\\’\\/‘Q

\\\\,
—

Adult
Earwig Lifecycle

Biting lice or bird lice (Mallophaga) are small fiat,
wingless parasitic insects with chewing mouthparts.
They feed on feathers, hair, wool and skin scales. Exam-
ples of injurious lice are the chicken body louse and cat-
tle biting louse.

Chicken Body Louse Lifecycle

True lice or sucking lice (Anoplura) are small flat,
wingless parasitic insects with mouthparts formed for
piercing skin and sucking blood. The body louse can be
a vector of disease in humans. Short- and long-nosed
cattle lice can be pssts of beef and dairy cattle.

Human Body Louse Lifecycte

Thrips (Thysanoptera) are mostly very small insects
about 3 mm long with piercing and sucking mouthparts.
Some feed on plants and are very injurious in green-
houses or on vegetable crops. Onion thrips nymphs and
adults cause severe damage to onion crops. Western
flower thrips cause malformed and spotted flowers.
Some species of thrips can also transmit plant virus dis-
eases.

Nymph
- of Ty,
plants o

Thrips Lifecycle

True bugs (Hemiptera) usually have four wings folded
flat over the body. The mouthparts are prolonged into a
beak for sucking. Examples include stink bugs which
feed on many fruits and vegetables and lygus bugs
which are serious pests of seed crops, especially of
alfalfa.

Bug Lifecycle

Aphids, leafhoppers, cicadas, whiteflies, mealybugs
and scale insects (Homoptera) all have sucking mouth-
parts and feed on plants. There are winged and wing-
less species and many sizes and shapes of insects in
this order. They cause damage to many crops and omna-
mental plants.

Aphids have a complex method of reproduction
which involves the production of a series of generations
without fertilization; some of the broods may be wing-
less, others winged.

Scale insects are usually small and are protected
during most of their life cycle by a hardened covering or
scale. San Jose scale is a pest of many fruit trees and
ornamentals.

The secretion of honey-dew by aphids and scale
insects may result in the growth of a black unsightly
mold on the surface of leaves and stems. Many of these
insects can also transmit viruses which cause very
destructive plant diseases.

N
Eggs da
:
%i Adult
Aphid Lifecycle
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Beetles and weevils (Coleoptera) usually have two leaf-miners. Agricultural insect pests in this order include
pairs of wings and have chewing mouthparts. Many of the cherry fruit fly, the onion and cabbage maggot and
their larvae are commonly called grubs. Some grubs the carrot rust fly.

live in the soil and feed on plant roots. Others bore into
plant stems. The larvae of click beetles are called wire-
worms which feed on the roots, bulbs and crowns of
plants and are especially destructive to germinating
seeds. Bark beetles, which bore through the bark of
trees, are considered the most destructive insect pests
of forests.

Fly Lifecycle

Fleas (Siphonaptera) are small wingless insects with
piercing and sucking mouthparts. The immature stages
are wormlike and quite different from the adults. The
adults of dog and cat fleas are well-known pests of
domestic animals and man. Some species of fleas can Chapt,
transmit human diseases.

Butterflies and moths (Lepidoptera) have adults which
feed by means of sucking mouthparts, largely on nectar
of flowers, and are not particularly injurious. The larvae
have chewing mouthparts and are often destructive.
Some larvae are known as caterpillars, cutworms or
hornworms. This group includes some of the most
severe insect pests such as the codling moth, army
worm, cabbage worm, tent caterpillars, the alfaifa, celery /
and cabbage loopers, and the peach twig borer. Flea Lifecycle

Bees, wasps, ants (Hymenoptera) are winged or wing-
less insects with chewing and sucking mouthparts. The
immature stages are maggot-like. This group includes
many beneficial species as well as some pest species.

2%

Moth Lifecycle

Flies, mosquitoes and gnats (Diptera) are winged and
have sponging or piercing and sucking mouthparts. The
immature stages are usually known as maggots. The
adults of this group inciude many well known insects
such as house flies, mosquitoes, gnats, horse flies and
deer flies. Some can be a danger to human health
because they transmit diseases. The larvae of some are
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INSECT-LIKE ARTHROPODS

Spiders and mites are related to the insects. Most spi-
ders are beneficial predators. They feed almost entirely
on insects. Mites are discussed in the following chapter.

Millipedes are elongate with two visible body regions: a
head and a body. They are rounded in cross section
and, with the exception of the first four or five segments,
all of the body segments possess two pairs of legs. They
are relatively slow-moving. Millipedes are generally inof-
fensive creatures that feed on fungus and decaying
plant material. However, they can be destructive to vege-
tables.

Centipedes resemble millipedes. They are different in
that they have longer antennae, are flattened in cross
section, have one pair of legs on each body segment,
and move rapidly. They are beneficial in that they are
predators on other small arthropods.

Sowbugs or pillbugs are oval with a hard outer shell
made up of a number of plates. They require moisture
and live in damp habitats. Generally, they feed on
decaying plant materials, but will injure young plants in
greenhouses and gardens.

l//
L ,{—
""\( " -’
H.

Tachinid Parasite

s:'nm tHis

Green Lacewing

Ichneumonid Parasite

117"

Garden centipede or symphylans are 3 to 6 mm long
and resemble tiny centipedes. They can be distin-
guished from centipedes by their rapid movements and
vibrating antennae. They sometimes injure the roots of
vegetable and berry plants in damp soils, rich in organic
matter.

BENEFICIAL INSECTS

A few examples of insects which are beneficial to
man are illustrated in Figure 17. These insects should
be protected wherever possibls.

Beneficial insects are divided into three categories:
predators, parasites and pollinators.

Predators prey on and eat other insects, or mites. For
example, adult lady beetles and their larvae consume
many kinds of soft- bodied insect pests. They are vora-
cious feeders on aphids. Lacewing larvae are preda-
ceous on a number of insects including aphids, scales,
mites, and mealybugs. The minute pirate bug feeds by
sucking body fluids from aphids, thrips, mites and young
scales. Adult syrphid flies, which resemble bees, are
important in regulating aphid populations in many field
and vegetable crops. Big-eyed bugs are one of the

/

0"1111

ssllnyy,

Chalcid Parasite

Figure 17. Some predaceous and parasitic insects (line beside each represents actual size of aduit).
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primary enemies of lygus bug pests and also prey on
leathoppers and aphids.

Parasites live on or in other insects or weeds (hosts),
causing some harm and usually death of the host'. Par-
asites are usually small. There are parasites of insect

. egg, larva, pupa and adult stages. Some well known

ones are the tachinid flies. Their larvae develop and
feed on the caterpillar stage of many destructive pests
such as cutworms, army worms, codling moth, horn
worms, cabbage worms and grasshoppers. There are a
number of parasites belonging to the bee and wasp
group {ichneumonids, brachonids and chalcids). Their
life cycles are often closely synchronized with their prey.
The adult females lay eggs in or on the prey and the
parasite larva consumes the internal organs of the prey,
eventually killing it. Some native and introduced species
help regulate populations of aphids, weevils and
cutworms.

Pollinating insects are important in the pollination of
many berry, fruit and seed crops. Examples are honey
bees and leafcutter bees as well as some flies, butter-
flies and moths that feed on nectar and pollen of flow-
ers.

INSECT CONTROL AND
INSECTICIDES

APPROACHES TO CONTROL

Insects are considered pests when they transmit
disease, damage crops, destroy products or annoy man.
The mere presence of an insect pest is not usually an
indication of a threat of economic damage. In fact, low
numbers of a pest species on agricultural crops or forest
lands may be necessary to maintain the continuity of
predators, parasites and pathogens of the pest. In most
situations, the goal should be to manage pest popula-
tions so as to eliminate them as pests but not to eradi-
cate them or their predators and parasites. Indcor pests
may be an exception where the goal is usually to pre-
vent entry or to eradicate pests from a specific building
or structure.

Usually a variety of options should be considered
for control of a specific pest. Information about the
insect pest life cycle and its predators are desirable in
order to select the best control methods for a specific
situation. Ideally, the process of gathering this informa-
tion should include the following steps:

« identify the pest and determine the extent of the dam-
age,

. agsess the size of the pest population,

* assess populations of the pest’s natural enemies and

' Those insects which kill the insect host they live on are more
comectly called parasitoids.

other beneficial insects,
¢ obtain information on their life cycles, and
¢ consult the most recent control publications.

One of the most important considerations is the
relation between visible damage and insects present
during an investigation. In some cases, the damage may
be old and insects now present may not have caused
the damage. The pest species may have completed its
development and pupated or left the area. It may be
best to wait until new generations of the pest are
detected before control is attempted.

Insect numbers can be estimated using a variety of
sampling devices. In some agricultural situations, an
insect sweep net is useful. Traps are often used to
detect insects. Sticky boards, bait, light or pheromone
traps may help to determine emergence of some insects
so that control measures may be accurately timed. Soil
insect numbers can be estimated by taking standard vol-
umes of soil and sifting it through screens to detect such
pests as wireworms, white grubs, subterranean
cutworms or root weevils.

Sometimes it is necessary to estimate insect num-
bers by checking for signs of their activity. This may
include the degree of tree defoliation, the number of
dropped fruits in an orchard, or the number of damaged
plants in a field crop. Other signs of activity may include
cast skins, fecal pellets or empty cocoons.

Assessment of beneficial insects can be made
while sampling for insect pests. Samples may expose
adult fly or wasp parasites or predators or carcasses of
pests killed by their enemies. P

Information on insect identification, life cycles and
control measures can often be obtained from specialists
working with specific insect pest groups. Agencies such
as Agriculture Canada, the B.C. Ministry of Agriculture
and Fisheries, B.C. Ministry of Forests and Lands and
the Pacific Forestry Centre produce many publications
dealing with specific pests. Some reference publications
are listed toward the end of this chapter.

If control measures are implemented, it is impor-
tant that good records are made of treatment rates, loca-
tions, times and conditions. Follow-up observations
should be made to determine the effectiveness of con-
trol measures, to lcok for undesirable effects and to
determine whether re-treatment is required.

METHODS OF INSECT CONTROL

There are several categories of insect control
methods:

Mechanical and physical methods may be suitable
under special circumstances. Examples include hand-
picking, the use of screens and traps, and the use of
electricity, light or heat and cold treatments. The use of
screens in greenhouse openings and introduction of rel-
atively pest-free plant material will reduce or delay infes-
tations of aphids, caterpillars or cutworms in
greenhouses. Traps, consisting of yellow surfaces cov-
ered with sticky material, have been used to control
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whiteflies in greenhouses. Lights are sometimes used to
attract insects to killing mechanisms. Fabrics and furs
can be protected from insect attack by storage at low
temperatures. Cold storage of farm produce will usually
eliminate further insect damage during the storage
period.

Cultural control depends on manipulation of the envi-
ronment to make conditions less favourable for pests.
Sanitation can be a highly effective cultural control tech-
nique. A good example is cleaning orchards of dying
wood which may be a breeding ground for wood-infest-
ing beetles. Fly control in and around barns and live-
stock pens is greatly aided by proper manure
management. Tillage can be a cultural control method
where it interferes with pest insect life cycles or destroys
their habitat. Rotation of crops may be used to eliminate
pest species surviving year after year on the same crop.
Qther approaches such as the removal of attractive
altérnate hosts, a change in planting distances and
changes in planting and harvest times are often used to
control or reduce outbreaks of destructive insects.
indoors, sanitation is a major method of preventing
insect pest problems.

Biological control is the release or enhancement of
predators, parasites or diseases to control or manage a
population of pest species. It has been particularly suc-
cessful against some introduced insect pests. For exam-
ple, the European earwig, when first introduced to
British Columbia, multiplied to epidemic proportions. A
parasitic fly was subsequently imported and has been
partially effective in controlling populations in the south
coastal region. Another example is the introduction in
1979 to 1982 of a parasitic fly and a parasitic wasp to
southern Vancouver Island for contro! of the winter moth.
By 1985, about 45 percent of the winter moth larvae
were parasitized.

Chemical control of insects has become a necessary
practice in agriculture, forestry, public health and struc-
tural pest control. Such control includes not only direct
poisons but also repellents, hormones (growth regula-
tors) and pheromones.

Regulatory control is the attempt to regulate com-
merce, farming and other human activities that affect the
distribution and prevalence of destructive insect pests.
Such control includes plant quarantine and restrictions
on the movement of some sgils and plant material. Prob-
ably the greatest value of a well-planned regulatory pro-
gram is the ability to slow down the movement of insect
pests until research can develop adequate control meas-
ures.

Integrated pest management (IPM) is the use of pest
control methods which minimize harm to beneficial
insects and the environment. A knowledge of the pest's
environment and life-cycle is used to develop a manage-
ment program which may combine cultural, mechanical,
biological or selective chemical controls to keep the pest
species at tolerable levels.

IPM is presently used on greenhouse cucumbers
and tomatoes in British Columbia. The two main pests of
those crops are whiteflies and two-spotted spider mites.
A tiny parasitic wasp is introduced to control the white-
flies, and a predaceous mite is introduced to control the
spider mites. Selective sprays are used only when the
biological agents cannot keep the pests under control.

IPM is also used on carrot and onion fields in the
Lower Mainland and on southemn Vancouver Island.
Fields are monitored for carrot rust flies and onion mag-
gots. When they occur in high enough numbers to be a
threat to the crop, a spray is applied. This procedure has
greatly reduced the number of sprays that have to be
applied per season, and those sprays that are applied
are more effective. :

IPM is recommended for control of apple aphids on
mature apple trees. Parasites and predators normally
hold this pest in check. Sprays are usually not required
on mature trees unless the top 7 to 10 leaves of terminal
growth are infested. Controls applied before this level of
infestation will destroy the beneficial insects and may
result in the need for additional sprays.

INSECTICIDE MODES OF ACTION

Insecticides can be divided into several types
according to the way in which they affect insects.

Contact insecticides are capable of killing insects when
absorbed through their body wall or intestinal tract. In
the past, insecticides were classed as either stomach
poisons which had to be eaten by the insect or contact
poisons which would be effective if an insect walked
over a treated surface. Now, most insecticides are effec-
tive both ways and are referred to simply as contact
insecticides.

In the structural pest control industry, the term
‘contact insecticide’ is used more specifically to refer to
pesticides which should contact the insect directly while
being applied. Some of these have a good ‘knockdown
effect’ — that is, insects are paralyzed almost immedi-
ately after contact. ‘Residual’ insecticides, on the other
hand, remain on surfaces where they can kill insects for
some period of time after application.

Systemic insecticides spread internally through the
plant or animal to which they are applied. Thus a sys-
temic insecticide applied to a plant’s leaves, stems or
roots is absorbed by the plant and is transported around
the plant within its sap. Here the systemic is effective
only for killing sucking insects. For example, the sys-
temic insecticide, dimethoate, can be painted on a tree
trunk, and will kill aphids and other sucking insects on
its leaves. it will not kill caterpillars that chew on the
leaves. Some systemics also have contact activity. For
example, dimethoate will act as a contact insecticide if
sprayed on tree foliage.

Systemic insecticides are also used to contro!
some pests of livestock. When the systemic is applied to
an animal it is carried via the blood to different parts of
the' animal’s body where it will kill sucking insects such
as lice.
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Fumigant insecticides generally enter an insect body
through its respiratory system or body wall as a gas.
They are useful in enclosed spaces or for the treatment
of soil, structures or various products.

Suffocating insecticides are materials (usually oils)
which clog the breathing mechanism of insects and
interfere with oxygen uptake.

Desiccant insecticides kill by removing or absorbing
the protective, waxy outer coating on the insect body.
This causes the loss of body fluids, so that the insect
dies of dehydration.

Growth regulators are designed to mimic the action of
certain insect hormones. When applied at a critical life
cycle stage, they interfere with insect development.

Pheromones are chemicals emitted by insects to affect
the behavior of other insects, such as attracting males to
females of the same species. In some control programs,
synthetic pheromones are used to attract insects to
traps or to disrupt reproductive behavior.

Repellents are used to make an insect pest avoid or
leave a treated surface.

Microbilal insecticides are insecticides which contain
microorganisms. Most must be eaten by the insect pest
to cause injury. Several insecticides are now marketed
which contain a bacterium (Bacillus thuringiensis or
‘B.t.") which produce toxins that injure the gut of certain
larvae that ingest it. An insecticide containing a nuclear
polyhedrosis virus has been used to control Douglas-fir
tussock moth larvae.

INSECTICIDE CHEMICAL GROUPS

One method of classifying insecticides is by their
chemical structure. The following is a description of the
more commonly encountered chemical groups of insecti-
cides.

Botanical compounds are insecticides that have been
derived from plant material. These insecticides tend to
be unstable and short-lived. They have good knockdown
qualities. Examples are:

nicotine

pyrethrins

rotenone

Inorganic compounds are derived from naturally-occur-
ring minerals. Many of them are persistent, and several,
including arsenic, mercury, and thallium, are cumulative
poisons. Most of the inorganic materials have been
replaced by the synthetic organics. A number of the fol-
lowing examples are no longer registered (NR) for use in
British Columbia:

borax silicon dioxide
calcium arsenate (NR) sodium arsenite (NR)
lead arsenate (NR) sodium fiuoride

lime sulphur sodium fluorosilicate

mercurous chloride (NR) thallium sulphate (NR)
Petroleum and mineral oils have been used for insect
and mite control on fruit trees for many years. The.use
of these oils as dormant or delayed dormant foliar
sprays began in the last decade with the introduction of
highly refined oils which are less injurious to plant tis-
sue. Their mode of action is not well understood
although they are known to block oxygen uptake by
insect eggs. Examples include:

superior oil (Volck oil)

supreme oil

Organochiorine compounds act mainly as contact
poisons. The tendency of many of them to build up in Chapt.
natural food chains creates a hazard to fish and 8
wildlife populations and has brought about a large

reduction in their use in North America. In British

Columbia, many of these materials may only be sold

and used under permit. Examples below include some

which are no longer registered for use (NR) and

some which have had all sales discontinued (D) and

can not be used in B.C.:

aldrin (D) endrin (D)

benzene heptachlor (NR)
hexachloride (NR) lindane

chiordane (D) methoxychlor .« m

chlordecone paradichlorobenzene

DDT (NR) terpene

dieldrin (D) polychlorinates (NR)

endosulfan

Organophosphorous compounds include both contact
and systemic poisons. Most of them have a moderate
residual activity, which is desirable for reducing residues
on food crops, but is often a problem where longer pro-
tection is desired. Repeated applications may be neces-
sary. Examples include the following insecticides with and
without systemic activity:

Systemics No emics
acephate azinphos-methyl
coumaphos chlorpyrifos
demeton crotoxyphos
dimethoate diazinon
disulfoton dichlorvos
famphur ethion
methamidophos fensulfothion
mevinphos fenthion
oxydemeton-methyl fonofos
phorate malathion
naled
parathion
phosalone
phosmet
sulfotep
temephos
tetrachlorvinphos
trichlorfon
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Carbamate compounds include both contact and sys-

temic poisons and usually have a short residual activity.
Examples include the following systemics and non-sys-

temics:

Systemics Non-Systemics
aldicarb aminocarb
carbofuran bendiocarb
methomyl carbaryl
dimetilan
propoxur

Pyrethroids are synthetic analogues of the botanical
insecticide pyrethrins. They possess a wide range of
both knockdown and killing power. They are used mainly
for fly control. They are generally very toxic to fish and
other aquatic organisms. Examples include:

allethrin fenvalerate

cypermethrin permethrin

deltamethrin resmethrin
tetramethrin

FACTORS AFFECTING INSECTICIDE
EFFICACY

Insect Life Cycle

Successful control of insects requires knowledge of
the stage(s) of their life cycle in which they are most
susceptible. The best control is usually achieved during
the early larval or nymphal stages when the insects are
small and vulnerable. Control during these stages
requires careful monitoring of pest populations. Control
of late instars or.adults is often attempted because they
are most visible. However, the larger insects are often
more resistant to pesticides, and adults already may
have laid eggs for another generation. It is also difficult
to control insects in either the egg or pupal stage,
because these stages are often inactive, not feeding, or
in inaccessible areas such as underground, or in cracks
and crevices. Some pupae may be enclosed in protec-
tive cocoons or cases.

Environmental conditions, such as humidity, tem-
perature and availability of focd, can alter the rate of
growth of insects and thus affect the length of the life
cycle. Optimum environments (usually warm and humid)
can decrease the time of development from egg to aduit.

Susceptible insect life stages may be present for
only a short time period. This time can vary from year to
year, often depending on weather conditions. For exam-
ple, wireworms are larvae which damage the roots of
germinating grasses, cereal grains or other plants. The
larvae move up through the soil to feed in spring, when
soil temperatures rise, and later burrow down and
become inactive when the soil is too hot and dry. Chemi-
cal controls applied too late or early could miss the
period of wireworm activity.

There is also a short time pericd for effective treat-
ment of the codling moth which damages tree fruits. The
first spray should be made after they emerge in May or
June as days grow warm, but before the insects mate

and lay their eggs when night time temperatures are
warm. The use of codling moth pheromone traps in
apple and pear orchards help to determine the need for
sprays and timing of applications.

Weather

Most insecticides can be used in a wide range of
temperatures, but the efficacy of some varies with tem-
perature. Cool temperatures slow the degradation of
most insecticides and can increase the duration of their
effectiveness. Deltamethrin is most effective at cool tem-
peratures (around 5°C) and is not very useful around 25
to 30°C. Endosulfan’s efficacy increases as temperature
increases. Malathion works best at about 21°C.

A heavy rain shortly after an insecticide application
will usually reduce its effectiveness and re-treatment
may be required earlier than during dry conditions.

Insect Resistance

Several cases have been noted in British Columbia
where insects appear to have developed a resistance to
traditional insecticides. When applications have to be
made more frequentiy to obtain the desired control, a
different insecticide should be used, provided that one is
registered for that use. For example, the green peach
aphid has developed resistance to diazinon or endosul-
fan in some areas. Where these insecticides are ineffec-
tive, it is recommended that oil or lime sulphur be
applied at the dormant stage. There has been a sus-
pected resistance of the strawberry aphid to endosulfan,
malathion and diazinon in some Lower Mainland fislds.
If poor control has been cbtained with one of these,
another should be used. The pear psylla has well-known
ability to develop resistance to insecticides. Growers
should limit spray applications by using cultural controls
and well timed treatments. When chemical control is
required, growers should alternate among insecticides
from different chemical groups, e.g. carbamates or pyr-
ethroids. ’

USEFUL PUBLICATIONS ON INSECT
LIFE HISTORIES AND
MANAGEMENT

General

Berry, R.E. 1978. Insects and Mites of Economic Importance in
the Northwest. O.S.U. Book Stores Inc. Corvallis, Oregon.
189 pp.

Borror, D.J. et al. 1976. An Introduction to the Study of Insects.
4th ed. Holt, Reinhart and Wilson, New York. 852 pp.

Metcalf, C.L. et al. 1962. Destructive and Useful Insects, Their
Habit and Control. McGraw-Hall Book Co. New York. 1087

pP.

Metcalf, R.L. and W.L. Luckmann. 1975. Introduction to Insect
Pest Management. John Wiley and Sons Inc. New York.
586 pp.
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Berries
BCMAF". Berry Preduction Guide. Updated yearly. .

Field Crops

BCMAF. Field Crop Guide to Weed, Disease, Bird and Rodent
Control. Updated yearly.

Greenhouses
BCMAF. Greenhouse Omamental and Bedding Plant Pest
Control Guide. Updated yearly.

BCMAF. Greenhouse Cucumber and Tomato Production
Guide. Updated yearly.

Costello, R.A. and D.P. Eliiott. 1981. /ntegrated Control of Mites
and Whiteflies in Greenhouses. BCMAF. Victoria. 15 pp.

Home and Garden
Gerber, H.S. 1986. A Gardener’s Guide to Pest Prevention and
Control in the Home and Garden. BCMAF. Victoria. 120 pp.

Livestock
Costello, R.A. and M.A. Khan. 1980. Control of Insects and
Ticks on Livestock. BCMAF. Victoria. 20 pp.

Mushrooms
BCMAF. Mushroom Production Guide. Updated yearly.

Nurseries
BCMAF. Nursery Production Guide. Updated yearly.

Tree Fruits
BCMAF. Tree Fruit Production Guide for Interior Districts.
Updated yearly.

Anon. 1978. The Biology and Control of Cherry Fruit Flies in
British Columbia. B.C. Ministry of Agriculture, Victoria.

Madsen, H.F. and PJ. Procter. 1982. Insects and Mites of Tree
Fruits in British Columbia. BCMAF. Victoria. 70 pp.

Ve&e\tpables
BCMAF. Vegetable Production Guide. Updated yearly.

Fores

Duncan, R.W. 1983. Common Insects Damaging Junipers,
Cedars and Cypress in British Columbia. Environment Can-
ada. Pacific Forest Research Centre, Victoria, B.C. 11 pp.

See also reports and publications of the Canadian For-
estry Service on such insects as the Douglas-Fir tussock
moth, European pine shoot moth and spruce budworm.

Structural
Anon. 198I. Control of Fabric Pests. Information Services, Agri-
culture Canada, Ottawa. I3 pp.

Anon. 1985. Insect Contral in the Home. Communicétions
Branch, Agriculture Canada, Ottawa. 18 pp.

Ebeling, W. 1975. Urban Entomology. University of California,
Division of Agricultural Sciences. 695 pp.

' B.C. Ministry of Agriculture and Fisheries.

Ruppel, D.H. 1978. Carpenter Ants. Fores* Pest Leaflet No. 58.
Canadian Forest Service, Pacific Forest Research Centre,
Victoria, B.C. 6 pp.

Ruppel, D.H. 1978. Termites. Forest Pest Leaflet No. 57. Cana-
dian Forest Service, Pacific Forest Research Centre, Vic-
toria, B.C. 6 pp.

Truman, L.C. 1976. Scientific Guide to Pest Control Operations.
Harvest Publishing Company. 276 pp.

West, A.S. 1983. The Manual of Pest Control. 5th edition.
Department of National Defence. Canadian Government
Publishing Centre, Supply and Services Canada. Ottawa.
336 pp.

Mosquitoes
British Columbia Mosquito Advisory Committee. 1984, British

Columbia Mosquito Control Guide. B.C. Ministry of Agricul-

ture and Food. 12 pp.

Chapt.
Miscellaneous 8
See the publications list of the BCMAF for Fact

Sheets on specific pest insects. Also see the technical
publication list of Agriculture Canada for their publica-
tions on control of many specific pests.

REFERENCE LIST OF
INSECTICIDES AND THEIR
PROPERTIES "

The following reference list includes a description
of most insecticides used in British Columbia and some
of historic interest when this text was published. Insecti-
cides are listed alphabetically by active ingredient with
some examples of trade names. No endorsement of
products is implied. Information contained in this list
could become out-of-date and not represent current use
recommendations. The current registered label is the
authority on a pesticide’s registered uses, applica-
tion methods and safety precautions.

The relative acute mammalian toxicity is given for
each active ingredient listed. LD, values (mg/kg body
weight) are listed where available and are derived from
tests with rats unless indicated otherwise (Rb = rabbit).
The lowest LD, is listed for each insecticide where sev-
eral values are given in the literature reviewed.

acephate (Orthene) — an organophosphorous compound with
contact and systemic activity, formulated as an emulsifia-
ble concentrate and soluble powder. It is registered for
control of a wide variety of agricultural insect pests and for
several forest insect pests. It has a moderate persistence
with residual activity of 6 to 9 days. Its acute toxicity to
mammals is low (LD,: oral = 866; dermal = 2,000). It is
moderately toxic to birds, slightly toxic to fish and highly
toxic to bees.

aldicarb (Temik) — an extremely toxic carbamate pesticide
with considerable systemic action and persistence against
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mites and sucking insects. Aldicarb is so toxic that it is
very hazardous it misused. It is no longer sold for use
on ornamentals or potatoes and there is now no
permissible use in B.C. It has a high mammalian acute
toxicity (LDsy: oral = 0.8; dermal = 3) but is not very
toxic to fish.

aldrin — an organochlorine material that was extensively used
for soil preplanting treatments to control cutwarms, wire-
worms, white grubs, tuber fiea bestle and root weevils. It
was also used as a foliar treatment against reot weevil
adults on berry crops and ornamentals. Aldrin s highly
persistent. In the soil it is oxidized to dieldrin, an even
more persistent material. It is insoluble in water but solu-
ble in most organic solvents. It is highly toxic to mammals
(LD,,: oral = 39; dermal = 98). A permit is required for its
purchase and use in British Columbia. There has been no
authorized use in this province for several years.

allethrin — a non-chlorinated pyrethroid compound which has
good insect knockdown qualities. It is usually formulated
with synergists for use in household aerosols, livestock
sprays and mosquito coils. It has a low mammalian acute
toxicity (LD.,: oral = 680), aithough exposure can produce
allergic reactions.

aminocarb (Matacil) — a broad spectrum, non-systemic carba-
mate compound-registered for spruce budworm control. it
has a high mammalian acute toxicity (LD: oral = 21; der-
mal = 275) and is hazardous 10 beses.

azinphos-methyl (APM, Guthion) — an organophosphorous
material formulated as a dust, emulsifiable concentrate
and wettable powder. Azinphos-methyl is widely used in
agriculture against a broad range of insects, including
leafrollers, codling moth and crown borers. It is also regis-
tered for use on a number of forest and shade tree
insects, including pine shoot moth, aphids, and seed and
cone insects. It is not registersed for domestic use because
of its relatively high mammalian acute toxicity (LD,,: oral
= 7; dermal = 220). it is highly toxic to bees, fish and
wildlife, and has a long residual action.

Bacillus thuringiensis (Dipel, Envirobac, Novabac, Thuricide,
Vectobac) — a microbial insecticide based on toxins pro-
duced by a bacterium species. There are a number of
varieties of this bacterium which are toxic to specific
groups of insects. The main varieties now used in com-
mercial products are Bacillus thuringiensis var. Kurstani
(B.1.) used primarily to kill leaf-eating caterpillars, and
Bacillus thuringiensis serotype H-14, also known as var.
israeliensis, used 10 kill aquatic larvae of mosquitoes and
blackflies. Products are formulated as a wettable powder,
dust or stabilized slurry of spores and crystals produced
by the bacteria. The spores and crystals must be eaten by
the target insects to cause toxic effects; there is no con-
tact activity. It has a short restdual effect. It appears to
have no hazard to humans, animals, birds, bees, fish, or
to predatory or parasitic insects.

bendiocarb (Ficam) — a broad spectrum carbamate material
registered for control of househald insect pests including
cockroaches, carpenter ants, fleas, silverfish, ticks and
wasps, and for wall sprays on outdoor buildings. It is for-
mulated for commercial use as a wettable powder and as
a dust. It has a rapid knockdown effect as well as good
residual activity. Bendiocarb has a high mammalian acute
toxicity (LD oral = 40. For Ficam 80W oral = 179; der-
mal = 1,000). it must not contaminate focd or animal

feed. It is highly toxic to bees and fish.

borax — an inorganic material formulated as a bait for use
against ants and as a dust against cockroaches. It is slow-
acting and not useful in damp situations. It has a low
acute toxicity to mammals (oral LD,, = 2,660).

boric acld (boracic acid) — an inorganic compound formulated
as a dust for use against cockroaches. It is slow-acting. It
has a low acute toxicity to mammals (oral LD, = 3,0600).

carbaryl (Sevin) — a carbamate which is effective against
many insects, including ants, leafrollers, cutworms, and
flea beetles. It is formulated as a bait, dust, granule, sus-
pension, wettable powder and pressurized spray. Under
dry conditions it has long residual action, but effectiveness
decreases markedly following rain or overhead sprinkier
irrigation. It has a moderate mammalian acute toxicity
(LD4: oral = 400; dermal > 2,000), but is extremely toxic
to honey bees. Foraging bees may be killed up to two
weeks after treatment.

carbofuran (Furadan) — a systemic carbamate available in
granular and flowable formulations. It is applied as a foliar
spray or soil application at planting time to control such
insects as weevils, carrot rust fly, aphids, flea beetles,
leafhoppers and root maggots. Carbofuran is highly toxic
to mammals (LD,,: oral = 5; dermal = 1,000). It is highly
toxic to bees as well as fish, birds and other wildlife. Gran-
ular formulations should not be applied to fields that are
subject to winter flooding and used by watertowl.

carbophenothion (Trithion) — an organophosphorous insecti-
cide and miticide formulated as grancles and a wettable
powder. It has residual activity and was registered for use
against many fruit tree and vegetable crop insects. Carbo-
phenothion is highly toxic to mammals (LDs: oral = 7;
dermal = 27). tis no longer registered for use in Canada.

chinomethionat (Morestan) — registered for use against pear
psylla and mites. See reference list of miticides.

chlordane — a persistent organochlorine compound that was
used for control of a wide variety of agricultural and struc-
tural insect pests. The technical material consists of sev-
eral isomers and heptachlor. [t is insoluble in water but
soluble in most organic soivents. It has a moderate mam-
malian acute toxicity (LD.,: oral = 283; dermai = 530). it
is toxic to fish and birds. Because of its long persistence
and chronic toxicity effects in test animals, its use has
been restricted to liquid formulations and only for control
of subterranean termites. In British Columbia a parmit is
required for its purchase and use.

chlordecone (Kepone) — an organochiorine compound used
with bait in ant traps. It has a moderate acute toxicity to
mammals (LD,;: oral = 85; dermal = 345 Rb), but chronic
exposure produced severe iliness in plant production
workers. It is very persistent in the environment.

chlorfenvinphos (Birlane) — an organophosphorous material
available in granular, wettable powder, and emulsifiable
concentrate formulations. it has long residual action and is
effective against a number of soll insect pests including
root maggots on cole crops and onions. Chlorfenvinphos
has a high mammalian acute toxicity (LD.: oral = 10; der-
mal = 30). It is corrosive to metals and decomposes
slowly in the presence of moisture.
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chlorpyritos (Banisect, Dursban, Lorsban) — an organophos-
phorous compound which is formulated as an emulsifiable
concentrate, pressurized spray, dust, granules, wettable
powder, or as a slow-release pellet for use as a mosquito
larvicide or adulticide. It can be used in nonfood areas of
buildings (recently registered for subterranean termites)
and for the control of some insect pests of vegetable crops
and ornamentals. Chlorpyrifos has a moderate mammalian
acute toxicity (LD,,: oral = 82; dermal = 202). It has a
residual effect and is toxic to shrimp, crab and fish.

coumaphos (Co-Ral) — an organocphosphorous material for-
mulated as a dust, emulsifiable concentrate and wettable
powder for control of insects, mites, and ticks on cattle,
goats, sheep, swine, poultry, dogs and horses. It is an ani-
mal systemic of relatively high mammalian toxicity (LD,,:
oral = 13; dermal = 860).

crotoxyphos (Ciodrin) — an organophosphorous material
available in dust, emulsifiable concentrate, or solution for-
mulations for control of livestock pests, including stable
flies, homflies, ticks, lice and certain mites. There are liquid
formulations for use in backrubbers. It is nonflammable,
slightly corrosive to mild steel, and noncorrosive to stain-
less steel and most organic linings. Crotoxyphos has a
short residual action. It has a moderate acute toxicity to
mammals (LD,: oral = 74; dermal = 202) and a high
toxicity to fish.

cypermethrin (Ripcord) — a chlorinated pyrethroid compound
available as an emulsifiable concentrate. It acts as a con-
tact and stomach poison. Cypermethrin has a moderate
mammalian toxicity (LD,,: oral = 251; dermal = 1,600). It
is highly toxic to fish.

DDT — a persistent organochlorine material which was widely
used for mosquito control and for the control of agricultural,
home garden and forest insect pests. DDT has been found
to persist for many years in soils and to build up in biologi-
cal food chains where it is passed from prey to predator in
body fat. DDT is moderately toxic to mammals (LD, oral
= 113; dermal = 2,150). it is highly toxic to birds and
cold-blocded animals such as fish. It is insoluble in water.
DDT is no longer registered for use in Canada.

deet (Off) — an organic hydrocarbon material available in a
variety of formulations including aerosols, spray and
creams for application to human skin to repel insects.
Products are formulated with concentrations of deet rang-
ing from about 10 to 100%. Deet is absorbed through the
skin into the circulatory system. The mammalian cral acute
toxicity is considered low (LD,, = 1,950), but some toxic
and allergic reactions have been reported. Toxicity has
been associated with excessive or prolonged use of low
concentrations (particularly in infants or children) or with
brief exposure fo high concentrations in some children and
adults.

deltamethrin (Decis) — a brominated pyrethroid compound
available as an emulsifiable concentrate. It is effective
against some agricultural pests at very low application
rates. Deltamethrin is temperature-sensitive in its effect
against insects, being most toxic at cool temperatures and
becoming less effective as temperatures rise. it has a
moderate to low mammalian acute toxicity (Decis LD.,:
oral, oily solvent = 128; aqueous suspension > 5,000;
dermal > 2,600 Rb).

demeton (Systox) — a mixture of two closely-related organo-
phosphorous materials formulated as an emulsifiable con-
centrate. Demeton is a systemic with some fumigant
action. It is effective against a number of mites and
insects such as aphids, leafhoppers and leafminers.
Demeton is phytotoxic to some fruit trees and ornamen-
tals. It is registered for use on a wide range of fruits, vege-
tables and ornamentals. It is highly toxic to mammals
(LD, oral = 1.7; dermal = 8.2). Protective clothing and a
respirator must be worn by applicators.

diazinon (Basudin) — an organophosphorous material avail-
able in a wide range of formulations. It is a contact poison
and has a moderate residual activity. Registered uses
include fruit and vegetable sprays, seed treatments, con-
trol of flies, home and garden pests, and turf insects. Diazi-
non is a broad-spectrum insecticide of moderate mammal-
ian toxicity (LD,,: oral = 300; dermal = 2,150).

dichlorvos (Vapona, DDVP) -— an organophosphorous material
of high volatility with a rapid knockdown eftect. It is used
as a spray, fog, bait, or resin strip, for mosquito and fly
control, and as a fog against greenhouse crop insect
pests. It has been found to be phytotoxic to a number of
chrysanthemum varieties. Dichlorvos is also used for treat-
ment of stored product pests and in food processing
plants. It has a high toxicity to mammals (LDso: oral = 25;
dermal = 75). lt is also highly toxic to bees and fish.

dieldrin — an organochlorine insecticide with a long soil per-
sistence. It has a high acute toxicity to mammals (LD,,:
oral = 40; dermal = 60) and to bees and fish. In British .
Columbia a permit is required for its purchase and use
and there has been no authorized use in this province for
several years.

difiubenzuron (Dimilin) — a chlorinated diphenyl compound
used as an insect growth regulator. It is registered in Can-
ada as a mosquito larvicide (1st to 3rd instar) in temporary
pools on noncrop land. it has a low acute toxicity to mam-
mals (LD,,: oral = 4,640). It has a low toxicity to most fish
and wildlife, but a high toxicity to shrimp and crabs.

dimethoate (Cygon, Hopper Spray, Lagon, Sys-Tem) — a sys-
temic organophosphorous compound available in emulsifi-
able concentrate formulations. As a systemic, it is
effective against mites and sucking insects such as
aphids, leafminers, leathoppers and thrips. it is effective
as a foliar contact spray against grasshoppers, spruce
budworm, pine shoot moth, seed and cone insects. Dime-
thoate is also effective as a residual spray on walls of farm
buildings for fly control. It can be phytotoxic to a large
number of plant species, including chrysanthemums,
hops, plums, peaches, tomatoes and beans. It is highly
toxic to mammals (LD oral, rat = 215, human = 30;
dermal, rat = 400) and is also toxic to bees.

dimetilan (Snip) — a carbamate compound formulated into
fabric bands/strips for control of house flies in farm build-
ings and poultry houses. It has a high acute mammalian
toxicity (LD, oral = 25; dermal = 4,000).

disulfoton (Di-Syston) — a systemic organophosphorous mate-
rial chemically related to demeton. It is available in granu-
lar or liquid concentrate formulations. Granules applied to
the soil give up to seven weeks of control against many
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foliar feeding insects, including aphids, leafhoppers, flea

. beeties, thrips, whiteflies and leafminers. Disuifoton is reg-
istered for use on ornamentals, forest trees, and on a wide
range of vegetable crops. It is highly toxic to mammals
(LD, oral = 2.3; dermal = 6) and is only availabte for
commercial use.

DNOC (dinitrocresol, Sodinoc, Elgetal) — a dinitropheno! com-
pound used as a herbicide, fungicide and insecticide. It is
formulated as an emulsifiable concentrate and a soluble
powder. DNOC is effective against aphid eggs, rust mites,
and scale insects on fruit trees. It is phytotoxic to foliage
and recommended only as a dormant spray and, at
reduced rates, for blossom thinning. It is not compatible
with lime sulphur but is sometimes applied with dormant
oil. DNOC has a high acute toxicity to mammals (LDy:
oral = 24; dermal = 200).

dormant oil — see mineral oils

endosulfan (Thicdan) — an organochlorine compound used
commercially on vegetables, fruit trees, and on various
plants in greenhouses. It is particularly effective against
aphids, rust mites, whiteflies, and cyclamen mites. Endo-
sulfan contains two isomers, one of which has high volatil-
ity and fumigant action. Endosulfan is fairly persistent,
undergoes slow hydrolysis, and is stable in sunlight. It is
formulated as a dust, emulsifiable concentrate, and wetta-
ble powder. Endosulfan has a high acute toxicity to mam-
mals (LD oral = 18; dermal = 74). It also has a high
toxicity to fish but low toxicity to bees.

endrin — an organochlorine which is chemically related to
dieldrin.-Like dieldrin it is extremely persistent in soils.
Endrin is the most toxic of the organochlorine insecticides
(LDs,: oral = 3; dermal = 12). A permit is required for its
purchase and use in British Columbia. There has been no
authorized use in this province for several years.

ethion — an organophosphorous material available in emulsifi-
able concentrate, granular and wettable powder formula-
tions. It is a contact material with an extended residual
action. Ethion is effective against a number of mite spe-
cies, aphids, scales and leafhoppers on grapes. It can be
applied with oil as a commercial dormant spray for aphid
and rust mite control. Ethion is only moderately toxic to
predaceous mites and is used as a summer spray in inte-
grated mite conirol programs. A granular formulation is
available for onion maggot control. It is highly toxic to
mammals (LD oral = 13; dermal = 82) and is toxic to
fish, bees and wildlife.

famphur (Warbex) — a systemic organophosphorous com-
pound registered as a pour-on treatment for cattie to con-
tro! warbles, and to reduce cattle lice infestations. It has a
high mammalian acute toxicity (LDs: oral = 36; dermal =
2,730 Rb).

fenitrothion (Sumithicn, Folithion, Novathion) — an organo-
phosphorous material formulated as an emulsifiable con-
centrate and wettable powder. Fenitrothion is registered
for use on forest trees for the control of a number of forest
insect pests. It has some residual activity. Fenitrothion has
a moderate mammalian acute toxicity (LD.,: oral = 130;
dermal = 300). It is moderately toxic to fish.

fensulfothion (Dasanit} — an organophosphorous insecticide
formulated as an emulsifiable concentrate or as granules.
It has long residual action and has proved effective on a

wide range of soll insects, particularly root maggots on
rutabaga and other cole crops. It has a high acute toxicity
to mammals (LD,,: oral = 2; dermal = 4). it is toxic to
bees and fish. Its rate of application must be exact
because it is phytotoxic at slightly above the effective rec-
cmmended rates.

fenthion (Baytex, Entex, Tiguvon) — an organophosphorous
material available in an oil formulation. It has a residual
action of up to two or three weeks. Fenthion is registered
for control of aphids, leaiminers and scale insects on
ornamentals, as a mosquito larvicide and adulticide, and
as a pour-on systemic insecticide for use on cattle. It can
be used in nonfood areas of buildings, processing plants,
and warehouses. It is moderately toxic to mammals (LD,
oral = 190; dermal = 320). Because of its extreme toxic-
ity to birds, the distribution of most fenthion formulations
is restricted by the manufacturer to qualified individuals. it
is toxic to aquatic life and bees.

fenvalerate (Belmark) — a chlorinated pyrethroid material reg-
istered for use on agricultural and ornamental crops. It is
also available as ear tags for cattle to control face flies. It
has a good knockdown effect as well as some residual
activity. It has a moderate acute toxicity to mammals (LD.,:
oral = 451; dermal = 2,500 Rb) and a high toxicity to fish.

fonofos (Dyfonate) — an organophosphorous material which is
available in a granular formulation and used as a soil
treatment for wireworm control. It is persistent in soils for
up to three months. it has a high mammalian acute toxic-
ity (LDy: oral = 3.4; dermal = 134) and is for use only by
commercial growers. Fonofos is toxic to fish, birds and
other wildiife.

heptachlor — a nonsystemic, organochlorine material. It is
persistent in soils, stable in light, air, moisture and moder-
ate heatl. It has a high acute toxicity to mammals (LDg,:
oral = 40; dermal = 185). It is no longer registered for
use in Canada

isofenphos (Amaze) — an organophosphorous insecticide for-
mulated as an emulsifiable concentrate and as granules
and temporarily registered for control of northem and
western com rootworms. It has a high acute toxlcity to
mammals (LD,,: oral = 28, dermal = 162 Hb) It is moder-
ately toxic to fish.

kinoprene (Enstar) — a commercial insect growth regulator for
use against aphids and greenhouse whitefly on green-
house ornamentals. It generally results in a gradual reduc-
tion of the pest insects unless high rates are used. Very
low mammalian acute toxicity (LD.,: oral = 5,000; dermal
= 9,000 Rb).

lime sulphur — a fungicide that is also effective against blister
and rust mites and scale insects. It is used on fruit trees
mainly during the dormant and prebloom pericd. Lime sul-
phur may cause leaf yellowing, browning, and defoliation,
particularly if applied in the calyx stage or early summer,
without previous application in the pink stage. Some fruit
tree varieties are particularly sensitive to lime sulphur. It
should not be applied to wet faliage or at temperatures
above 29°C. It is caustic to the skin and irritating to the

eyes.

lindane (gamma-BHC) — an organcchlorine material effective
against a number of insect pests. Lindane is available in a
wide variety of formulations. its use is limited to a wire-
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worm seed treatment on cereal crops and to treatment of
sevaral insect pests on beef cattle, sheep, goats and
horses. It has fumigant, contact and stomach activity. It is
moderately toxic to mammals (LD,,: oral = 88; dermal =
800). It Is toxic to fish, bees and wildlife.

malathion (Cythion) — a broad spectrum organophosphorous
contact insecticide, formulated as baits, dusts, emulsifia-
ble concentrates, solutions and wettable powders. There
are over 140 different products containing malathion,
many of them for home garden use. Malathion is regis-
tered for flea powders, home and garden sprays, mosquito
sprays, cattle backrubbers, seed treatments and agricul-
tural crop protection sprays. Malathion is somewhat phyto-
toxic to a number of plants, including ferns, petunias,
orchids, and some apple varieties. There have also been
reports of injury to beans and cucurbits under greenhouse
conditions, and of damage 1o the paint finish of cars. It is
nonpersistent and has a low mammalian acute toxicity
{LDy,: oral = 1,000; dermal = 4,100 Rb). It is toxic to fish
and bees.

methamidophos (Monitor) — a systemic organophosphorous
compound available as an emulsifiable concentrate formu-
lation. Registered for use by commercial growers for con-
trof of insect pests of a number of vegetable crops. Highly
toxic to mammals (LD.,: oral = 19; dermal = 118 Rb).
Toxic to fish, bees, and wildlife.

methidathion (Supracide) — an organophosphorous material
available as an emulsifiable concentrate. It has broad
spectrum activity and is registered for use on a number ot
vegetable and forage crops. It may be applied by aircraft
or by ground rigs. Residual effectiveness for three to five
weeks has been noted. It has a high toxicity to mammals
(LD,;: oral = 25; dermal = 150). It is highly toxic to bees,
fish and wildlite.

methomyl (Lannate) — a carbamate systemic insecticide for-
mulated as a water-soluble powder and solution. It is reg-
istered for use against cabbage worm and diamondback
moth on cabbage, caulifiower, broccoli, and Brussels
sprouts; com earworm in sweet com; fruitwerm and
aphids on tomato; leathopper, flea beetle, and aphids on
potatoes. Lannate has a high oral mammalian toxicity
(LD,: oral = 17; dermal > 1,500 Rb). it has a high initial
toxicity to honeybees. It has a short residual effect and
therefore is favoured over carbaryl for earworm control on
com.

methoprene (Altosid, Apex) — an organic compound used as
an insect growth regulator for mosquito, mushroom fly,
whitefly, and mealybug control. Formulations include an
emulsifiable concentrate and slow-release briquets. it
must be applied to the larval stage of these insects.
Treated larvae continue to grow but die before reaching
the adult reproductive stage. Methoprene shows little
effect on adult insects or pupae. It has a very low mam-

malian toxicity (LD,.: oral > 34,600; dermal > 3,000 Rb). it

is moderately toxic to fish.

methoxychlor (Marlate) — an organochlorine insecticide
effective against a large number of insects. Although
closely related to DDT, methoxychlor is not stored in body
or milk fats. It is recommended for a wide range of garden
and crop insect pests and for fly control in livestock barns,
but is not as effective against aphids or mites and is phyto-
toxic to some cucurbits. Unlike other organochlorines,
methoxychlor has a relatively short persistence. it has a

low mammalian acute toxicity (LD,,: oral = 5,000; dermal
= 6,000), but is toxic to fish and bees.

methyl bromide — see fumigants chapter.

mevinphos (Phosdrin) — an extremely toxic organophospho-

rous inseclicide. Mevinphos is a short-lived contact and
systemic ingseclicide used as a ‘clean up’ material on vege-
table crops shortly before harvest for control of a wide
range of foliar feeding insects, including aphids, leafthop-
pers, thrips, and loopers. it is nonphylotoxic and compati-
ble with most other pesticides. Mevinphos should be used
only by competent individuals; protective clothing and
respirators must be worn. It has a high mammalian acute
toxicity (LD,,: oral = 3; dermal = 4.2) and is toxic to bees,
birds and fish.

mineral olls (Dormant oil, Summer oil, Superior oil, Supreme

ail, Petroleum oil, Volck oif) — are complex hydrocarbon
distillation products of petroleum and coal tar used as con-
tact insecticides. Oils kill by suffocation and may be used
on the egg, larvae, and semetimes adult stage of specific
insect and mite pests (e.g. mites, scales, pear psylla, leaf-
rollers). Some highly refined oils are available for use as
mosquito larvicides. Oils can be phytotoxic to plant foliage.
Dormant oils are most phytotoxic and cannot be used after
buds have opened in spring. Summer oils are safer on
foliage but some plant species are more sensitive than
others. Generally, the lower the viscosity and higher the
unsulfonable residues, the less phytotoxic the oil product.
Applications of other pesticides (e.g. sulphur sprays, cap-
tan, carbaryl, folpet) soon belore or after cil sprays may
also cause some phytotoxicity. Unlike diesel oil, these oils
are of low hazard to fish and wildlife, and have a very low
mammalian toxicity. %

naled (Dibrom, Bromex) — an organophosphorous material

formed by the action of bromine on dichlorvos. it is a non-
systemic, contact and stomach inseclicide and miticide
with some fumigant action. Naled has a short residual
effect and is recommended for use close to harvest time
on several vegetable crops. It is also recommended as a
spray or as a vapour for control of aphids, thrips and mites
in greenhouses. Naled may injure flowers of cucumbers
and tomatoes. It is effective for fly control. It is the active
ingredient in some pet flea collars. It has a moderate mam-
malian acute toxicity (LD,,: oral = 250; dermal = 800).

naphthalene — a synthetic organic material formulated as

blocks, flakes, or balls and used as a fumigant for contro!
of clothes moths. It has a low mammalian acute toxicity
(LD.: oral = 2,200, dermal > 2,500).

nicotine (Nicotine Sulfate) — a by-product of waste tobacco,

this contact and fumigant insecticide is used as a spray
and as a smoke bomb. The mammalian acute foxicity at
the time of application is dangerously high, especially from
breathing vapours or smoke, but the residual effect is low
(LD,,: oral = 50; dermal = 50 Rb).

nuclear polyhedrosis virus (NPV, Virtuss, Lecontvirus) — a

microbial insecticide containing virus particles which will
infect specific insect larvae. Virtuss is for control of Doug-
las-fir tussock moth, Lecontvirus is for contro! of red-
headed pine sawfly. These are Restricted-Use products for
use only under direct supervision of Federal or Provincial
Forestry Service personnel. They are formulated as weita-
ble powders or emulsifiable concentrates to be mixed with
water or oil. Applicator exposure to these products may
result in skin or eye irritation.




oil — see mineral oils

oxydemeton-methyl (Metasystox R) — a systemic and con-

tact organophosphorous material of short persistence,
available in an emulsifiable concentrate formulation. Itis
effective against a number of mites, leafhoppers, thrips,

* leafminers and aphids and is registered for use on a wide

range of crops. Oxydemeton-methyl is phytotoxic to some
ornamentals, especially in combination with other pesti-
cides. It has a high mammalian acute toxicity (LD,,: oral =
47, dermal = 158) and is toxic to bees and to fish and
wildlife.

paradichlorobenzene — an organochlorine material formu-

lated as tals or blocks. It is used for control of clothes
moths and carpet beetles and also as a repellent against a
wide range of birds and pest animals, including rats, cats,
dogs, skunks, and bats. Paradichlorobenzene has fumi-
gant action, is noncorrosive and nontainting. It has a mod-
erate mammalian acute toxicity (oral LD,, = 500).

(HiENIA parathion (Aqua) — one of the first organophosphorous mate-
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rials to be developed and available in several formulations.
It has stomach, contact, and some fumigant action, but is
not systemic and has a short residual effect. Parathion is
effective against a wide variety of insects, but scme mites
have developed resistance to it. In British Columbia it is
used on certain vegetable and fruit tree insect pests. It is
phytotoxic to some ornamentals and apple and pear vari-
eties. Parathion has an extremely high oral and dermal
mammalian acute toxicity (LD.,: oral = 3;dermal = 7). It
is for commercial use only. Protective clothing and a respir-
ator are essential.

pentachlorophenaol (Penta) — a phenolic material with fungici-

dal, herbicidal, and insecticidal properties. It is used as a
wood preservalive against wood-destroying insects such *
as termites. Pentachlorophenol is moderately toxic to
mammals (LD,,: oral = 125; dermal = 320). lliness may
be produced by the cumulative action of several doses and
the onset of critical illness can be sudden. Atropine should
not be used as an antidote for poisoning. Protective cloth-
ing must be worn when handling this pesticide. }t must not
be used in home interiors or outside near or in contact with
humans, animals or their food. It is highly toxic to fish and
wildlife.

permethrin (Ambush, Ectiban) — a broad spectrum pyrethroid

insecticide, registered for white fly control in greenhouses
and a wide range of insects on food crops, omamentals
and fly control on buildings. It is not effective against
aphids. Permethrin has a low mammalian acute toxicity
(LD,: oral > 4,000; dermal > 2,000 Rb), but is very toxic
to fish and bees.

phorate (Thimet) — a systemic and contact organophospho-
rous insecticide miticide available in a granular formulation.

1t is registered for use on a limited number of agricultural
crops for control of several sap-sucking and soil insects.
Phorate has good residual action but has a very high
mammalfian acute toxicity (LD,,: oral = 1.1; dermal = 2.5).
There have been a number of reports of phytotoxicity to
seedlings. It is toxic to bees.

phosalone (Zolone) — an organophosphorous contact and

stomach poison. It is registered for use on grapes and fruit
trees for control of a number of insect pests, including
codling moth, aphids, pear psylla, European red mite and
leathopper. Toxicity to mammals is moderately high (LD,

oral = 82; dermal > 2,000). Toxicity to fish and bees is
also moderately high.

phosmet (Imidan, Prolate) — an organophosphorous material

with a long residual effect which is recommended in British
Columbia for summer pear psylla control and as an alter-
native to azinphos-methyl against coedling moth. Phosmet
has a low toxicity to predaceous mites, so it can be used in
an integrated mite control program. Phosmet has a moder-
ate acute toxicity to mammals (LD,,: oral = 113; dermal =
1,550).

piperonyl butoxide — a synthetic organic material with low

insecticidal properties. Piperonyl butoxide is used primarily
as a synergist to increase the toxicity of pyrethrins and
related compounds. It is incorporated into aerosols, solu-
tions, emulsions, and dust formutations. Toxicity to mam-
mals is very low (LD,,: oral =.6,150; dermal > 7,950).

pirimicarb (Pirimor) — a carbamate compound used as a

seleclive contact insecticide. It is formulated as a wettable
powder. It is specific for control of aphids. Pirimicarb has a
quick knockdown effect and is fast-acting. Nonphytotoxic
at recommended rates. Toxicity to bees is low. it does not
kill ladybugs and lacewings at recommended rates. Pirimi-
carb is useful in greenhouses. It has a moderate acute
foxicity 1o mammals (LD, oral = 147; dermal > 500).

propoxur (Baygon) — a carbamate formulated as an emulsifi-

able concentrate, wettable powder, dust, granule, bait,
pressurized spray, and in pet flea collars. It is nonphyto-
toxic and nonsystemic and has a rapid knockdown effect.
Propoxur kills plant bugs and aphids, but is used mainly to
control household pests and for mosquito abatement. It
has a moderate mammalian acute toxicity (LD,,: oral = 80;
dermal > 2,400). It is highly toxic to honeybees. Iis resid-
ual effect can last up to 3 months.

pyrethring — these are botanical materials extracted from

dried flowers of the chrysanthemum family. Pyrethrins
have excellent knockdown properties and leave no dan-
gerous residues. They are unstable when exposed to light,
moisture, or air. There are over 400 formulated products
containing pyrethrins in Canada with a wide range of uses
as home and garden aerosols, pet shampoos, and live-
stock sprays. The majority of the pyrethrin products are
formulated with synergists such as piperonyl butoxide, n-
octyl bicycloheptene, dicarboximide and sulfoxide. Pyreth-
rins are moderately toxic to mammals (LD.,: oral = 200;
dermal > 1,800). They are highly toxic to fish.

resmethrin — a non-chtorinated pyrethroid for commercial and

domaestic use, chemically related to pyrethrins. Many
household and garden pesticides contain resmethrin, and
are available under a host of trade names. The concentra-
tion needed o be effective is very low. Resmethrin has
rapid knockdown properties. It is non-iritating to the skin,
eyes or throat and has a low mammalian acute toxicity
(Ll?,,: oral = 1,100; dermal = 2,400 Rb). Itis highly toxic
to fish.

rotenone (Denitox, Rotenone) — a botanical material derived

from roots of Derris spp., Lonchocarpus spp. and several
other members of the pea family. It is formulated as a dust
and wettable powder. Rotenone is a contact insecticide of
short persistence. It is broken down in the presence of light
and alkaline waters. Rotenone is nonphytotoxic. The tech-
nical material (i.e. active ingredient) has a moderate mam-
malian acute toxicity (LD,,: oral = 132), however, it is usu-
ally formulated as a one or five percent dust. Rotenone is
highly toxic to pigs and to fish.
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silica aerogel (Dricne) — an inorganic insecticide which acts

on insects by removing their oily protective coating, result-
ing in dehydration. It is combined with small amounts of
pyrethrins for control of structural insects such as roaches,
ants, silverfish, spiders, lice and fleas. It has a very low
mammalian acute toxicity (LD.,: oral = 3,160).

soap (Safer’s Insecticidal Soap) — an organic substance con-

sisting of the salts of oleic acid — a natural constituent of
oils and fats. It is available as a concentrate or dilute solu-
tion and is registered for use on house plants, vegetables,
fruit trees and ornamental plants for the control of many
insects such as aphids, mealy bugs, whitefly, scates, ear-
wigs and mites. Thorough coverage of all surfaces of the
sprayed plants is essential as it kills only on contact at the
time of application and has no residual effect. it can be
used up to the day of harvesting fruits and vegetables. Its
mammalian toxicity is very low. Eye exposure to concen-
trated soap may cause irritation.

sodlum fluoride — an morgamc stomach insecticide with

some contact activity. It is formulated as a bait for control
of cockroaches, silverfish, and some other structural
pests. In combination with other materials it is formulated
as a paste or solution for use as a wood preservative.
Sodium fluoride is highly phytotoxic and highly toxic to
mammals (lethal dose to man = 75 to 100 mg/kg).

sodium fluorosilicate (Weevil Bait, Earwig Bait) — an inorganic,

odourless, and nonvolatile material formulated as a bait

far control of weevils and earwigs. Due to the high water-
solubility of sodium flucrosilicate the effectiveness of baits is
much reduced by rainfall and irrigation. Sodium fluorosili-
cate has a moderately high mammalian acute toxicity

sulfotep (Plantfume 103) — an organophosphorous sulphur-

centaining compound used in smoke or thermal fog gen-
eration for Insect control in commercial greenhouses. It is
nonpersistent on foliage and effective against a broad
spectrum of insects. Oral and dermal toxicity to mammals
is extremely high (LDs: oral = 5; dermal = 20 Rb). A
respirator and protective clothing are essential during
application. Its use is restricted 1o certified applicators.

temephaos (Abate) —

an organophosphorous material formu-
lated as emulsifiable concentrates and granules for use as
a mosquito and black fly larvicide. Abate is soluble in
most organic solvents but not in water. When applied to
water, it forms a thin film over the surface which blocks
the oxygen supply to mosquito larvae. Because it has a
short persistence, repeated treatments and exact timing
are necessary. it is not registered for use on crops or pas-
tures. It has a low mammalian toxicity (LDs: oral = 1,000;
dermal > 4,000 Rb). It has a low toxicity to bees, birds,
and fish.

terbufos (Counter) — an organophosphorous compound avail-

able in granular formulations. It is registered for use on
com to control soil pests such as corn rootworm, wire-
worms, and seed corn maggots. it has a very high mam-
malian acute toxicity (LD,: oral = 1.6; dermal = 1.1 Rb).
It is toxic to fish and wildlife.

tetrachlorvinphos (Gardona, Rabon) — an organophospho-

rous insecticide formulated as an emulsifiable concentrate
and a wettable powder. It is registered for control of the
house fly and chicken lice and mites on farm premises
and in other cutdcor areas. It has a low mammalian acute
toxicity (LD,o: oral = 1,100; dermal > 4,000).

tetramethrin — a non-chlorinated pyrethroid used for control of

fleas, wasps, mosquitos and garden pests. It has a fast
knockdown activity. It has a low acute toxicity to mammals
(LD: oral = 1,010 mouse), but is highly toxic to fish.

trichlorfon (Dylox, Neguvon, Dipterex) — an organophospho-

rous material which is formutated in a number of ways. it
has a wide range of registered uses, including a pour-on
cattle systemic for warble control (Neguvon); a fly bait; a
foliar spray against such insects as stink bugs, cutworms,
and armyworms on ornamental, cereal, and vegetable
crops; and a spray for fly control around farm buildings. It
has a moderate mammalian acute toxicity (LD,,: oral =
450; dermal = 2,000).




Chapt.

CHAPTER QUIZ

Answers

Questions

1.

10.

1.

12.

13.

14,

15.

16.

Are most insects pests?

What are the two characteristics of an adult insect body
which distinguish it from other animals?

. What are four types of insects based on mouthparis?

. What happens to an insect skin to allow the insect o grow

bigger?

Match the following: without metamorphosis, gradual meta-
morphosis, complete metamorphosis —

a) egg. nymph, adult
b) egg, larva, pupa, adult
c) egg, young, adult

. What life stage of insects are all of the following — caterpil-

lars, loopers, grubs, and maggots? What is the main fea-
ture of their development into adults?

. What are the three main types of beneficial insects?

. Why is it often important to maintain low numbers of pest

species?

. What information should be cobtained, if possible, belore

control of insects pests?

What are three types of cultural control methods?

What is integrated pest management?

What is the difference between a systemic and a contact
insecticide?

What is the difference between growth regulator and pher-
omone type insecticides in the way they control insects?

At what growth stage are many insects most vulnerable to
insecticides?

How does temperature generally atfect insecticide persist-
ence?

Should you consider increasing application rates or switch-
ing o other insecticides if insects build up resistance to
treatments?

1.

10.

1.

12.

13.

14.

15.

16.

No, most insects are of little economic importance or are
beneficial; few are pests.

. Insect adults have three pairs of jointed legs, and have

three body regions — a head, thorax and abdomen.

chewing, piercing and sucking, sponging, syphoning.

. The insect molts and a new skin is formed.

. without metamorphosis — (c); gradual metamorphosis —

(a); complete metamorphosis — (b).

. Larvae — all show a dramatic change from farval to adull

slage.

. predators, parasites, pollinating insects.

. Low numbers of an insect pest help to maintain the pest’s

predators and parasites.

. 1) identity of the pest and extent of damage, 2) size of the

pest population, 3) presence of the pest's natural enemies
and other beneficial insects, 4) life cycles of pests and -
beneficials, 5) pest control recommendations.

sanitation, tillage, crop rotation, change in planting dis-
tances.

IPM is the use of various control methods which keep pest
species at tolerable population levels with minimal damage
to non-pest species.

Systemic insecticides spread internally through the plant or
animal to which they are applied and are effective against
sucking insects. Contact insecticides do not spread inter-

nally and will kill when an insect crawls over a treated sur-
face.

Growth regulators affect insect development; pheromones
usually act as attractants or disrupt reproductive behavior.
early larval or nymphal stages.

cool temperatures slow degradation.

swilch to other insecticides.
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mental plants. Leaves may become mottled and tumn

MITE CHARACTERISTICS brown, buds may be stunted or deformed or fruit may be Chapt.

blistered or not fully developed. Some mites are para-
sites on domestic animals, livestock or fowl.

Mites are very small arthropods which are more o) o
closely related to spiders and ticks than to true insects. preda?e‘ce):nes%r: &%ﬂfgﬁ'ﬁﬁgggﬂgj .',?ét:ftsw?:i?g are
Adult mites range in size from about 0.1 mm to 1 mm in : . .
A important to avoid reducing predaceous mite numbers
length. They have no wings or antennae. Most adult too severely where they control pest species.

mites have four pairs of legs, although a few species
(including the rust and blister mites) have only two pairs

of legs. Figure 18 illustrates a typical mite. | MITE CONTROL AND P
MITICIDES

COMMON MITE PESTS AND THEIR
CONTROL

Mites affecting fruit trees. The most troublesome mite
pests on fruit trees in British Columbia include the fol-
lowing:

e European red mite on apples, pears, cherries and
prunes. It overwinters in the egg stage and can
become a problem early in the season.

¢ McDaniel spider mite, mainly a pest on apples. It over-
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Figure 18. Spider mite enlarged nearly 100 times winters in the adult female stage and generally
actual size. becomes a problem during periods of hot weather in
. . July and August.

Mites can multiply very rapidly and complete their * Apple rust mite, mainly a pest on apples. It is a min-
life cycle in one to three weeks under favourable condi- ute, elongated species which overwinters in the adult
tions. In a typlcal life cycle. females daposit eggs which female stage and may be present in enormous num-
hatch into six-legged larvae. The larvae feed and molt to bers on foliage in early summer.
form eight-legged nymphs. There are generally several * Pear rust mite, mainly a pest on pears. It is similar in
nymphal stages before the adult stage is reached. The appearance to the apple rust mite. it overwinters in the
adult mites and their eggs are sometimes covered by a aduit female stage and various stages feed on buds,
delicate web which provides some protection from con- flowers, leaves and fruit during spring and summer.
tact sprays. Some species give birth to live young.

There are many species of mites, but only a few There are several species of beneficial mites (e.g.
species are a nuisance or cause damage to crops, live- phytoseiids) which feed on the pest mites of fruit trees.
stock, food or fibre. Some mite pests cause damage When selecting miticides, it is important to consider the
when large numbers feed by sucking on crop or oma- need to avoid injury to the predaceous mites. As well,
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the pest species should not be eliminated entirely
because the predator cannot survive without its prey.
Use of miticides which eliminate the beneficial predator
populations can resuit in a rapid build-up of injurious
mites.

The use of carefully timed sprays with selective
miticides, to minimize injury to beneficial mites, is a form
of integrated pest management (IPM). IPM requires
monitoring the abundance of pest mites at various fruit
tree growth stages. Spraying should not take place
unless the number of pest mites has exceeded the rec-
ommended threshold level. The number of mites must
be determined either with hand magnifying lens exami-
nation or through one of the commercial mite counting
services. Addresses of these services are available at
district offices of the B.C. Ministry of Agriculture and
Fisheries.

IPM for mites is used mainly on apple trees, but
can be applied to other fruit trees such as apricot,
chérry, peach and plum. It has not been used on pear
trees as they cannot tolerate high enough numbers of
injurious mites to support the predaceous mites.

Mites affecting vegetables. The two-spotted spider
mite, which can increase rapidly under hot, dry condi-
tions, is the main pest species on vegetables. Beans,
cucumber, eggplant, marrow, melon, pepper, pumpkin
and squash may be damaged. For the past several
years, a predaceous mite species has been used to con-
trol two-spotted mites on greenhouse-grown cucumbers.

Mites affecting berry crops. Two species of mites are
important pests of berries in British Columbia. The two-
spotted spider mite often causes severe browning and
drying of the foliage of raspberries and strawberries in
hot weather. The strawberry mite is light coloured and
barely visible without a magnifying lens. It attacks straw-
berry plants and feeds mainly on new growth at the
crown, causing stunting, yellowing and distortion of the
leaves.

Surveys during the 1970’s have shown that there
are naturally-occurring predaceous mites in.some straw-
berry fields. Where there is a ratio of one predaceous
mite to 30 or fewer two-spotted mites, the two-spotted
mite is kept under contral and no miticide sprays are
needed. When chemical control is required, there are
several selective miticides (e.g. cyhexatin or fenbutatin
oxide) which will reduce two-spotted mites without elimi-
nating the predaceous mites.

Mites affecting ornamentals and house plants. Mites
can be pests on various omamental plants, shrubs and
trees. If these are grown in the garden or in a nursery,
there are several effective miticides. When mites infest
house plants, control may be difficult because most miti-
cides can damage the tender foliage. If such plants
must be treated, miticides should be tried on a few
leaves first. If no damage is seen from the spray in a few
days, the whole plant can be treated.

Mites in stored food. There are a number of species of
mites that feed on flour, grain, cereal products, fruit,

cheese and other stored food. The most important are
the grain mite and the long-haired mite. Both species
are slightly less than 1 mm long and greyish-white.

Most miticides cannot be used on infested foods. If
the food item is not severely infested, mites can be killed
by heating the item in the oven at 60° to 70°C for 20 to
30 minutes, or by placing the item in a deep freeze for
about 2 weeks. Storing foods that are susceptible to
mite infestation in a refrigerator will prevent the mites
from reproducing.

Mites that invade structures. The clover mite, which
feeds on grasses, clovers and lawn weeds, can invade
houses in large numbers during the spring or fall. it
swarms over the outer walls, particularly those with a
sunny exposure, and enters the house through cracks
and crevices around windows and doors. They are
brownish or reddish in colour.

The eggs are laid during the late fall at the base of
trees or near walls. The eggs hatch in the early spring
and the young mites begin feeding on the foliage of
plants. There are several generations each year.

Bird and poultry mites. The most common species of
mites on chickens are the chicken mite and the northern
fowl mite. The chicken mite is approximately 1 mm long.
it is grey before feeding and dark red or black after feed-
ing. During the day it lives in joints and cracks of roosts,
nesting boxes and walls of chicken houses. At night it
crawls on birds and sucks blood.

The northern fowl mite is about the same size and
appearance as the chicken mite, but it lives continuously
on the birds and often congregates near the vent, tail
and neck.

Poultry mites from nearby pouitry houses, or other
species of mites from bird nests on the outside of build-
ings, may sometimes invade buildings cccupied by peo-
ple. A skin rash may develop if they bite humans.

Sanitation will usually help prevent populations of
chicken and fowl mites from developing. Miticides are
generally needed to control infestations of these mites.

MITICIDE PROPERTIES

There are about 20 miticide active ingredients used
in British Columbia. These active ingredients belong to
various chemical groups and include inorganic, organo-
chlorine, organophosphorous, carbamate and dinitrophe-
nol compounds. Miticides are registered for use on
many agricultural crops, ornamentals, animals, stored
products or building surfaces.

A few miticides are used to control mites only and
usually have little effect on insects. Some of these are
wide-spectrum miticides (e.g. dicofol) while others tend
to kill pest mites with little harmful effect on predaceous
mites (e.g. cyhexatin and fenbutatin oxide).

A few pesticides are both insecticides and miti-
cides (such as endosulfan, ethion, malathion and pyreth-
rins) or fungicides and miticides (such as
chinomethionat). They are non-specific for mite control
and therefore are not usually the most effective miti-




cides. Note that some insecticides, particularly carbaryl,
can cause mite pest ‘flare-up’. It is thought that carbaryl
kills beneficial insects that help to hold pest mites at low
levels, allowing the pest species to multiply without con-
trol.

Frequent use of a miticide may cause mites to
develop resistance. Such mites may be controlled by
using a sequence of closely-timed treatments, or by
alternating with miticides from different chemical groups.
Commercial growers faced with the problem of resistant
mites should call their district horticulturist for advice.

USEFUL PUBLICATIONS ON MITE
CONTROL IN B.C.

See the B.C. Ministry of Agriculture and Fisheries
Production Guides and general publications listed in
Chapter 8, plus the following:

Downing, R.S. and J.C. Arrand. 1978. Integrated Control of
Orchard Mites on Apple Orchards in B.C. BCMAF. Victoria.

8 pp.

'REFERENCE LIST OF

MITICIDES AND THEIR
PROPERTIES

The following reference list includes a description
of most miticides used in British Columbia when this text
was published. Miticides are listed alphabetically by
active ingredient with some examples of trade names.
No endorsement of products is implied. Information con-
tained in this list could become out-of-date and not rep-
resent current use recommendations. The current
registered label is the authority on a pesticide’s reg-
istered uses, application methods and safety precau-
tions.

The relative acute mammalian toxicity is given for
each active ingredient listed. LD;, values (mg/kg body
weight) are listed where available and are derived from
tests with rats unless indicated otherwise (Rb = rabbit).
The lowest LDy, is listed for each miticide where several
valuss are given in the literature reviewed.

carbophenothlon (Trithion) — an insecticide and miticide reg-
istered for control of mites on some fruit trees, vegetable
crops and ornamentals. (See reference list of insecticides
for more information.)

chinomethionat (Morestan) — an organic hydrocarbon com-
pound formulated as a dust and wettable powder. Chino-
methionat is effective against some insects and several
mite species, powdery mildew and pear psylla. It is regis-
tered for use on some fruit trees and ornamentals. It
should not be used on bearing fruit trees after the calyx
stage. It is phytotoxic to some varieties of apples, pears
and oramentals. It has a low mammalian acute toxicity
(LD,,: oral = 1,100; dermal = 2,000), but may cause skin

irritation. It is relatively non-toxic to bees, but toxic to fish.

coumaphos — an insecticide and miticide registered for con-

trol of mites on hogs and chickens and in poultry farm
buildings. (See reference list of insecticides for more infor-
mation.)

cyhexatin (Plictran) — an organic tin compound effective on

apples against European red, McDaniel and rust mites. lts
toxicity to insects and predaceous mites is low. Therefore,
it has been used in integrated mite control programs.
Cyhexatin is relatively nonphytotoxic except to pears in
combination with an cil spray. It is slow-acting, but has a
short residual life. it has a low mammalian acute toxicity
(LD.,: oral = 540; dermal > 2,000), but recently registra-
tion of cyhexatin has been discontinued due to its possible
teratogenic effects. It is toxic to fish.

diazinon — an insecticide with some miticide properties. Itis

registered for control of clover mites and spider mites on
omamentals and in buildings. (See reference list of insecti-
cides for more information.)

dicofol (Kelthane) — this organochlorine material has been

used against European red, McDaniel, and the apple and
pear rust mites on fruit trees. It is now replaced by mate-
rials which are not as toxic to predaceous mites. It is still
being used to control the two-spotted spider mite on small
fruits and vegetables, and around houses to protect
against invasions of the clover mite. Although dicofol is
nonsystemic, it gives good initial kill. Where dicofol has
been used for a number of years, mites may have devel-
oped resistance. An alternate registered miticide should be
used in such situations. Treated crops should not be fed to
dairy or slaughter animals. Dicofo! has a low mammalian
acute toxicity (LD.,: oral = 575; dermal = 1,000), butis -
toxic to fish.

dienochlor (Pentac) — an crganochlorine miticide with long

residual activity. It is useful for the control of two-spotted
spider mites in greenhouses. Dienochlor has no insectici-
dal activity. It has a very low mammalian toxicity (LD.,: oral
= 3,160; dermal > 3,160), but may be irritating to the eyes.
Itis toxic to fish.

dimethoate — an insecticide and miticide registered for mite
control on some fruit trees, vegetable crops and omamen-
tals. (See reference list of insecticides for more informa-
tion.)

DNOC (dinitrocresol, Elgetol, Sodinoc) — a dinitrophenol herbi-
cide which was found to be useful as an insecticide and
miticide. it is effective in the control of rust mites. DNGC is
formulated as a soluble powder. DNOC is not compatible
with lime sulphur, but sometimes is applied with dormant
oil. It has a high mammalian acute toxicity (LD,,: oral = 24;
dermal = 200).

dormant oll — is used on apples in the hali-inch green to
cluster bud stage against European red mite. Oil does not
control rust mites and favours the survival of predacecus
mites. It is important in integrated mite control. It has a
very low mammalian acute toxicity.

endosulfan (Thiodan) — an organochlorine insecticide and
miticide used on vegetables, fruit trees and various plants
in greenhouses. It is particularly effective against aphids,
rust mites, whiteflies, and cyclamen mites. (See reference
list of insecticides for more information.)
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ethion — an organophosphorous material available in emulsifi-
able concentrate, granular and wettable powder formula-
tions. It is a contact material with extended residual
.action. Ethion is effective against a number of mite spe-
cies, aphids, scales, and leafhoppers on grapes and fruit
trees. It may be applied with oil as a commercial dormant
spray for aphid and rust mite control. Ethion is only mod-
erately toxic to predaceous mites and is used as a sum-
mer spray in integrated mite control programs. It has a
high mammalian acute toxicity (LD: oral = 13; dermal =
62). It is toxic to bees, fish and wildiife.

fenbutatin oxide (Torgue, Vendex) — an organic tin compound
registered for use on ornamentals and nursery stock as
well as greenhouse cucumbers and tomatoes. It will con-
trol two-spotted spider mites and spruce spider mites, but
Is relatively harmless 0 predacecus mites. it is also non-
toxic to honey bees. The addition of a spreader-sticker will
result in better mite control. it has a low mammalian acute
oxicity (LDs,: oral = 2,630; dermal > 2,000), but Is irritat- _
ing to skin and eyes. It is toxic to fish.

formetanate hydrochloride (Carzol) — a contact carbamate
material that has been used for control of European red,
McDaniel, and two-spotted mites on apple and pear trees.
it also kills predaceous mites and for this reason should
not be used where integrated mite control is being prac-
ticed. Formetanate hydrochloride is compatible with most
other pesticides. It is highly toxic to mammals (LD,,: oral
= 15; dermal > 10,200 Rb) and is toxic to birds and fish.

fime sulphur (Orthorix) — an old-time inorganic fungicide
which is also effective against blister and rust mites. [t is
used on fruit trees mainly during the dormant and pre-
bloom stage. (See reference list of insecticides far more
information.)

malathion (Cythion) — this crganophosphorous material is
active against a wide range of insects and mites. It is not
effective enough to be a commercial miticide but is useful
against two-spotted spider mites on fruit trees, vegetables
and cmamentals in the home garden. Malathion is safe
and effective against pouitry mites and may be used on
birds as well as on bam walls, barn floors and pouitry

house manure. (See reference list of inseclicides for more

information.)

naled (Dibrom, Bromex) — an insecticide and miticide regis-
tered for mite control on some vegetable crops and omna-
mentals. (See reference list of insecticides for more
information.)

oxydemeton-methyl (Metasystox R) — an insecticide and miti-
cide registered for mite control on non-bearing fruit trees
and some berry crops, vegetable crops and ornamentals.

(See reference list of insecticides for more information.)

phasalone (Zolone) — an insecticide and miticide registered
for suppression of European red mites on peach and plum
trees. (See reference list of insecticides for more informa-
tion.)

phosmet (Prolate, Imidan) — an organophosphorous insecti-
cide and miticide formulated as a wettable powder. It can
be used to control a wide variety of insects and to sup-
press two-spotted spider mites and European red mites on
fruit trees. It has a relatively long residual activity. Phos-
met has a low toxicity to predaceous mites, so it can be
used in integrated mite contro! programs. Phosmet is non-
phytotoxic when used as directed. It has a moderate acute
toxicity to mammals (LD,,: oral = 113; dermal = 1,550). It
is toxic to bees as well as fish and wildlife.

propargite (Omite) — an organic sulphite compound that
shows residual activity. it is formulated as a wettable pow-
der. Used as a summer miticide on fruit trees, it is effec-
tive against the European red, McDaniel and rust mites,
but is harmless to predaceous mites. Therefore, it is use-
ful for integrated mite control on apple trees. It is not rec-
ommended for use on pear trees because it is phytotoxic.
It has a low mammalian acute toxicity (LD.,: oral = 1,350;
dermal = 5,000), but can cause eye damage and skin
irritation. It is toxic to fish.

pyrethring — botanical insecticide with some miticide proper-
ties registered for use against grain mites in food process-
ing areas. (See reference list of insecticides for more
information.)

soap (Safer's Insecticidal Soap) — an organic substance con- *
sisting of the salts of oleic acid — a natural constituent ot
olls and fats. It is registered for use on house plants, oma-
mental plants and food plants for the control of aphids and
mites. its toxicity is very low. Thorough coverage of all sur-
faces of the sprayed plants is essential as it kills only on
contact at the time of application and has no residual
effect.

sulphur (Ortho Flotox, Magnetic 6) — an inorganic fungicide
which [s also effective against mite pests. Registered for
use against rust mites on apples, pears and cherries and
the russet mite on tomatoes. Phytotoxic in dry, hot
weather to some plants. Sulphur is relatively nontoxic to
mammals, but may irritate eyes and skin.

tetradifon (7edion) — an organochlorine miticide, effective on
immature stages of mites. It is registered for contro! of
spider mites on greenhouse cucumbers and omamentals.
Mammalian acute toxicity is low (LD.,: oral = 568; dermal
= 10,000 Rb). It is only available as a smoke fumigator.
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CHAPTER QUIZ

Questions

1.

Name three ways mites are different from insects.

. Given the length of the life cycle of most mites, woutld you

expect many generations during a growing season?

. On what agricultural crop(s) is integrated mite control fre-

quently used? Why?

. Why should one be careful using miticides on indoor

plants?

. Can some pesticides be both insecticides and miticides?

. Can mites become resistant to miticides?

Answers

1.

2.

Mites are less than 1 mm long, most mite adults have four
pairs of legs (eight legs), no mites have wings.

Yes, mite life cycle length is usually 2 to 3 weeks, produc-
ing many generations per growing season.

. On fruit trees, greenhouse vegetables and strawberry

plants where it is desirable to protect predaceous mites.

. Miticides can damage tender foliage.

. Yes, although some pesticides which are specific for mites

are usually more effective.

. Yes, this problem can occur after repeated use of the

same miticide.
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Chapter 10

PLANT DISEASES AND FUNGICIDES
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PLANT DISEASES

INTRODUCTION

Plants are said to be diseased when they develop
abnormally as a resuit of a continuing irritation or an
environmental deficiency. Diseased plants may have
roots that are underdeveloped, stems that are stunted,
leaves that are curled, fruit that fails to ripen or other
abnormalities.

The causes of plant diseases can be divided into
two categories: parasitic and nonparasitic. Parasitic
diseases result from the effect of living agents (patho-
gens) which obtain their nutrition by invading the cells
and tissues of susceptible plants. Most disease-causing
organisms are microscopic (microbes) and include fungi,
bacteria, viruses and nematodes. Often diseases are
blamed on parasites when they are caused by nonpar-
asitic factors. Nonparasitic diseases are caused by defi-
ciencies or surpluses of nutrients, lack or excess of
moisture, unfavourably low or high temperatures, or
toxic chemicals in the air or soil. While most of this
chapter is devoted to the recognition and control of para-
sitic diseases, it is important to appreciate the impor-
tance of nonparasitic diseases.

NONPARASITIC DISEASES

Nonparasitic diseases are a very common cause of
plant disorders. Nonparasitic diseases often weaken

plants so they are more likely to be attacked by fungi or
bacteria. There are a large number of possible causes of
nonparasitic diseases, some of the more common
include the following: -

Light. Light duration and intensity requirements differ
with plant species. A shortage of light may produce
‘lanky’ plant growth. Many ornamental coniferous plants
show leaf-browning due to crowding and shading of
lower branches.

Temperature. Spring frosts and unusual cold spells can
cause leaf or blossom damage to many ornamentals and
food crop plants and may kill annual transplants. Frost
damage to setting fruit frequently produces scar tissue
on maturing fruit.

Water. Dry air (low humidity) may accelerate evaporation
from plant leaves and cause wilting. Plants conditioned
to shallow watering grow shallow roots which dry up
when the water supply is suddenly withdrawn. Excess
moisture in the soil (i.e. poor drainage) may produce an
oxygen deficiency causing root hairs to die, reducing or
preventing water and nutrient uptake.

Nutrient deficiencies and excesses. Nutrient deficien-
cies in plants may cause stunting, resuiting in reduced
yields or weak plants. Specific plant abnormalities often
indicate which nutrient element is deficient. Some
nutrients which are in sufficient supply in the soil may be
unavailable because the soil is too acidic or basic.
Nutrient excesses may be as harmful to plants as
nutrient deficiencies. Some effects of nutrient deficien-
cies or excesses are listed in Table 10.
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Table 10. Effects of various nutrient deficiencies or
excesses causing nonparasitic diseases.

nitrogen deficiency — plants have stunted growth and
are often spindly; leaves are small and pale to yellow
(chlorosis). Yellowing starts on the lower leaves. In
grasses, dieback starts at the tips of blades and pro-
gresses downward. On corn, yellowing shows in a typi-
cal V shape from the tip of leaf downwards. Continued
severe deficiency may cause death of leaf tissue.

nitrogen excess — plants have highly succulent growth
and increased susceptibility to disease. High nitrogen
fertilizer deposits on leaves and roots cause burning of
plant tissue.

phosphorus deficiency — plant growth and maturity
are retarded. Reddening or purpling of leaves is com-
mon in some plant species. Dwarfing of plants also
accurs. Peach trees show dark green leaves with grad-
ual purpling of veins on the underside of leaves and
bronzing of the topside of leaves. Downward curling of
leaf tips and leaf margins may occur.

potassium deficiency — leaves on many plants cur,
followed by browning of leaf margins and appearance of
pale spots on inner leaf portions. These disorders first
appear on older leaves. Fruit on trees develops poorly or
not at all. Weak growth is a common problem.

calcium deficlency — symptoms appear first in the
growing tips and young leaves. Leaf growth is uneven
and distorted. Leaf margins may be ragged and die.
Pale leaves are also common. Blossom end rot of toma-
toes is associated with calcium deficiency. Growing tips
of celery, carrot, and parsiey may be killed by calcium
deficiency. Bitter pit of apple also is caused by calcium
deficiency, as is internal tipburn of cabbages.

magnesium deficiency — magnesium deficiency leads
to leaf yellowing and death and usually starts in the
older leaves.

iron deficiency — Leaf cells between veins tumn pale
and even the smallest veins are bright green in contrast.
Iron deficiency shows in young growth first. It is common
in many fruit growing regions and is referred to as ‘iron
chiorosis’. Prolonged severe deficiency may lead to
browning of the leaf margins and dieback of growing

tips.

DISEASE-CAUSING ORGANISMS

The development of a parasitic plant disease
depends on the life cycle of the parasite, susceptibility of
the plant and environmental factors such as temperature
and moisture. Some characteristics of parasitic disease
causing agents are as follows:

Fungi. These are the largest group of plant disease-
causing agents and include moulds, mushrooms and
yeasts. These are simple plants which derive their food
from other living organisms or decaying organic matter
on which they live.

Most fungi reproduce by means of microscopic
spores. When the spores germinate, they usually give
rise to microscopic threadlike filaments. These filaments
form the main body (mycelium) of the fungus and
absorb nutrients and release chemical materials that
induce disease. The parasitic fungi are transmitted from
one plant to another by spores or fragments of myce-
lium. Movement of plants, plant parts, and soil from one

" area to another, may also spread the disease. Some

examples of fungal diseases are:
cankers and diebacks—e.g. apple anthracnose,
Coryneum of peach.
galls—e.g. azalea leaf gall, rust gall of pine.
leaf spots—e.g. hawthorn leaf spot, blackspot of
rose.
powdery mildew—e.g. rose mildew, powdery mil-
dew of blue grass.
rots—e.g. Phytophthora root rot of Lawson'’s
cypress, Botrytis rot of strawberries and conifer
seedlings.
rusts—e.g. white pine blister rust, snapdragon rust.
wilts—e.g. Verticillium wilt of stone fruits, Fusarium
wilt of cucumber.

Bacteria. Some major diseases of plants are caused by
bacteria. These parasites are microscopic one-celled _
organisms that require an external source of organic
matter for their food. Bacteria can reproduce very rapidly
when conditions are favourable. They generally enter a
plant through natural openings or through wounds. Bac-
terial plant diseases are often transmitted from plant to
plant by the activity of people, by contaminated equip-
ment, by wind and rain and by insects. Some examples
of bacterial diseases are: i
blights—e.g. lilac blight, bacterial canker of cherry.
galls—e.g. crown gall of rose, cane gall of rasp-
berry.
rots—e.g. bacterial ring rot of potalo, soft rot of
fruits and vegetables.

Mycoplasmas. These organisms are intermediate in
size between bacteria and viruses. They have recently
been discovered to be the cause of many plant diseases
formerly attributed to viruses. These diseases are trans-
mitted by sucking insects only and cannot be spread
mechanically by contact. Included among the myco-
plasma diseases are:

aster yellows — e.g. aster yellows of wheat.

yellow edge disease — e.g. yellow edge disease of

clovers.

western-x disease — e.g. western-x disease of

peach.

Viruses. Viruses are extremely small living organisms

that cannot be seen with an ordinary microscope. They
only grow inside the cells of the living host. The viruses
are transmitted by mechanical means during pruning or

a
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harvesting, or by insects, mites, nematodes, or fungi.
Once introduced into the host plant, the virus may or
may not cause visible symptoms. Some examples of
virus-caused diseases are:

mosaics—e.g. gladiolus mosaic, lettuce mosaic.

ringspot—e.g. Prunus ringspot.

leaf roll—e.g. potato leaf roll.

Viroids. Viroids are the smallest self-replicating orga-
nisms yet discovered in plants. They are easily spread
by propagating and cultivating procedures. They are not
spread by insects. Disease examples include potato
spindle tuber and chrysanthemum stunt.

DISEASE IDENTIFICATION

Before control measures can be taken, the cause
of a suspected disease must be determined. Because of
the microscopic size of most disease organisms, a diag-
nosis of a plant disease must usually rely on symptoms
rather than on the identification of the causal organism.
Symptoms are the visible expression of disease caused
by the disease agent acting on plant cells and tissues.
For example, cells and tissues die, leaves turn brown
and fall, shoots enlarge abnormally or plants are
stunted. Symptoms by themselves may not allow an
accurate diagnosis of a plant disease because several
distinctly different causal agents may produce similar
symptoms. However, with experience, symptoms used
with other evidence can often produce a satisfactory
diagnosis. .

Identifying the cause of a suspected plant disease
should involve the following steps (Maloy, 1979):

Identify the plant affected. Determine both the species
and variety whenever possible since differences in sus-
ceptibility to a plant disease may exist among varieties.

Examine the diseased area. Note how the diseased
plants are distributed over the affected area. Parasitic
diseases generally start in one location in a field or
gresnhouse and spread slowly in extent and severity.
Such diseases rarely afflict all plants in a crop to the
same degree. However, clumps of diseased plants, such
as at the edge of a greenhouse bench, or along road-
ways or fences or in low spots in a field, frequently indi-
cate nonparasitic causes such a3 soil condition or toxic
chemicals. If all plants in a field are affected, the cause
may also be a toxic chemical or unfavourable cultural
practices or weather.

Determine the appearance of a “typical” diseased
plant. Identification of the disease should not be based
entirely on the appearance of plants with early symp-
toms nor on a plant that has deteriorated to a point that
secondary organisms have obscured the primary cause
of the problem. Note the parts of the plant affected. Are
the roots, leaves, stem, flowers, fruit or entire plant
involved?

Determine the primary symptoms of the condition
under study. Symptoms are expressions of the affected
plant that indicate something abnormal and are grouped
into three general classes:

a) death of plant parts, e.g. shoot and leaf blights,
leaf spots and fruit rots;

b) underdevelopment of tissues or organs, e.g.
stunting of plants or failure of leaf pigments or
flowers to develop; and

c) overdevelopment of tissues or organs; e.g. galls
or witches’- broom. -

Look for disease structures. Structures are sometimes
produced by the causal agent of a disease and are more
useful than symptoms in the accurate identification of a
disease. The presence of mycelial mats of a root rot fun-
gus, bacterial coze from fire-blighted pears, masses of
rust spores and the gray-white mycelium of powdery mil-
dew are all structures produced by different disease
organisms.

Isolate and identify the causal agent. Sometimes nei-
ther symptoms nor structures are specific or characteris-
tic enough to pin down the cause of a disease.
Additional specialized techniques are then required to
isolate and identify the causal agent. Such problems can
be reviewed with expert pathologists in the Ministry of
Agriculture and Fisheries, Ministry of Forests and Lands
or Pacific Forestry Centre.

DISEASE DEVELOPMENT .

It is important to understand the life cycle of a dis-
ease-causing organism in order to develop an effective
contro! program. The life cycles of all disease organisms
follow the same general sequence. This sequence can
be illustrated using a leaf fungus as an example (Figure
19). A diseased leaf carries the fungus over the winter.
In the spring as the temperature becomes warmer, this
fungus grows and develops spores. This mass of spores
is called a primary inoculum.

As the fungus spores mature, they are discharged
into the atmosphere where they are distributed by wind
or water. Some eventually land on healthy leaves of a
susceptible host plant. This step of moving the inoculum
to a host plant is called inoculation. If conditions at the
site of inoculation are adverse, the inoculum may die, it
may be washed off by rain, or it may remain dormant.
Until the inoculum begins to grow, it can be fairly resist-
ant to pesticides.

If environmental conditions are favourable, the fun-
gus spores will germinate. The disease has now entered
the incubation stage and at this stage the disease orga-
nism is most vulnerable to pesticides or other unfavoura-
ble conditions.

At some point during incubation, the fungus may
penetrate the plant’s protective barriers and invade the
plant tissues to begin the stage called infection. When
the plant responds to the invasion of the fungus in some
way, i.e. cells die or multiply abnormally, it is diseased.
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Figure 19. Example of a life cycle of a fungus in a plant leaf.

Once the fungus is inside the plant, it is protected
from outside influences. Most fungus diseases which
reach the infection stage can not be controlled effec-
tively unless a systemic fungicide is used before the
infection is too severe. An exception is the infection
stage of the powdery mildew fungi. This fungus remains
confined to the surface (epidermal) cells where it forms
specialized absorbing structures. Because the powdery
mildews develop on the outside of plant surfaces they
can often be controlled with pesticides after infection
has occurred.

DISEASE CONTROL

PRINCIPLES OF DISEASE CONTROL

Three conditions must be present for a disease to
develop:
¢ a causal agent,
¢ a host plant susceptible to the disease, and
« a favourable environment.

Elimination or altering any one of the three conditions
will control disease development.

Methods for plant disease control can be divided
into four general categories:

Exclusion. An area sometimes can be kept free of a
disease by excluding plant material or soil containing
disease organisms. Plant quarantines are one method of
exclusion. Another methad is to plant only certified dis-

ease-free seeds or plants. Once disease organisms
have entered the soil or plants they are usually difficult
to control.

Resistance. Strains of plants may be used which are
least susceptible to the disease. Breeding programs
have developed resistance in certain strains of plants.
The level of resistance may vary depending on factors
such as age of the host plant, aggressiveness of the dis-
ease-causing organism, or relative favourability of the
environment.

Eradication. The attempted elimination of a disease
organism is called eradication. Bumning diseased plant
material, eliminating alternate hosts and using eradicant
fungicides are methods of eradication.

Protection. The host plant can sometimes be protected
from a disease by providing conditions which are unsuit-
able for the disease organism. Examples of protection

.are controlling temperatures, providing good drainage

and maintaining good cuitural and sanitation practices.
Fungicides are also used to protect against disease
organisms. The treatment of seeds with a fungicide
before planting is an example of this method.

Many diseases can be controlled by cultural prac-
tices alone. Such practices include:

* Selection of resistant or tolerant varieties of plants.
Plants should be adapted to local conditions and
planting stock should be vigorous.

* Proper establishment of plants. Ensure that soil, water,
light and nutrient conditions are as favourable as pos-
sible to avoid development of disease.

¢ Rotating planting locations. Encourage the natural

3032300333333 3333333333333333333323333333333)



II3IIIIIINIIIIIIINIIININIAIIIIIINIIIINIININIIIIIDDB

decline of disease organisms specific to past crops,
before they build up to nuisance levels.

* Maintenance operations. Rake and destroy fallen
leaves and prune diseased growth to prevent nuisance
infestations.

FUNGICIDES

Fungicides are chemicals used to prevent or eradi-
cate diseases caused by fungi. Fungicides are generally
not effective in preventing or eradicating bacterial or
virus diseases. Many virus diseases are transmitted by
insect, mite and nematode pests, hence virus disease
control is sometimes possible by using insecticides, miti-
cides or nematicides.

Fungicides can be divided into two types:

Protectant Fungicides. These provide a film of fungi-
cide to prevent fungus spores from germinating. Protec-
tants must be applied before infection occurs to ‘protect’
the plant from invasion by a pest. Seed protectants such
as captan or thiram are used to prevent seedling blights,
root rots and dampening-off. Foliage and blossom pro-
tectants such as benomyl, captan or maneb are used to
prevent leaf spot and blossom blight diseases. Fruit pro-
tectants such as benomyl, captan or chlorothalonil are
used to prevent fruit blemishes and harvest rots of fruits
and vegetables.

Eradicant Fungicides. These are applied to destroy
established disease organisms. Eradicant fungicides
have limited use in destroying fungi that have already
penetrated and infected plant material. Only a few fungi-
cides are classed as eradicants, e.g. dichlone, dodine
and liquid lime sulphur.

The basis for most fungicide disease control pro-
grams is to apply a protective film of chemical to plant
surfaces before the disease organism has a chance to
invade plant tissues. Such fungicides require good
spreading properties and are often used with a wetting
agent.

Most fungicides remain at the point they are
applied and do not move in the plant. However, recently
a number of systemic fungicides have been developed.
They are absorbed by foliage or other plant parts and
move within the plant. They may be protectants, eradi-
cants or both. Advantages of systemics are that they are
not quickly washed off plant surfaces and they may be
transported to areas of new plant growth. Disadvantages
of systemics are their higher costs and the resistance
that some fungi develop to these chemicals. Also, most
systemic fungicides do not kill, but only suppress dis-
ease-causing organisms which frequently recover as the
chemical breaks down. The disease organism may con-
tinue to reproduce while its growth is suppressed.

Fungicides should remain active during the period
of possible infection. Many disease fungi have reproduc-
tive cycles only a few days long and a crop plant may be
exposed to as many as 10 to 25 generations of a fungus
during the growing season. The protective covering pro-

vided by a fungicide may be lost because the chemical
is broken down, the chemical is washed off, or new
growth produces unprotected plant surfaces. Most fungi-
cides are not effective for longer than 10 to 14 days.
Thus repeated applications of fungicides are often
required. Some plants only require treatments after each
period of wet weather. Some susceptible plants require
frequent chemical applications from the time leaves start
to develop until growth stops. While most diseases are
controfled during the active growing pericd of the plant,
a few diseases, such as peach leaf curl, can be con-
trolled effectively only by spraying when the tree is com-

" pletely dormant in December or January.

Fungicides are available as liquid sprays or dusts.
Usually, sprays are cheaper, easier to apply and more
effective than dusts, but some diseases, such as pow-
dery mildew, are better controlled by dusts. Regardless
of whether a dust or spray is used, it is important to
completely cover the plant part being protected.

Fungicides are also classified according to their
chemical structure. They are either organic or inorganic.
They are further categorized by the element(s) in inor-
ganic fungicides or by the class of chemical compounds
in organic fungicides. The major types of fungicides Chapt.
include the following: 10

Inorganic Fungicides

Sulphur. Probably the oldest pesticides known to man
are various sulphur compounds. Sulphur is still used to
control powdery mildews.

Y

Copper. These compounds are wide-spectrum protec-
tants. The combination of copper sulfate and hydrated
lime to form Bordeaux mixture reduces the phytotoxicity
of the copper sulfate. In general, copper compounds are
relatively insoluble in water and are not easily washed
from the leaves by rain. A very small portion of the cop-
per goes into solution. Plant cells may eventually accu-
mulate enough so that they are poisoned. Thus copper
compounds can be phytotoxic with repeated applica-
tions.

Mercury, Cadmium and Other Heavy Metals. These
are broadly toxic to fungi but also to warm-blooded ani-
mals. Many of the heavy metal compounds have now
been banned for use because of their persistence in or
on treated plants, leading to pesticide poisoning of man
and animals, or because of the buildup of toxic residues
in the soil.

Organic Fungicides

Dithiocarbamates. Most were developed in the 1930's
and 1940's and are still widely used on fruit and vegeta-
ble crops. These have various properties depending on
the metallic element associated with them. Ferbam is an
iron salt, zineb and ziram are zinc salts, and maneb con-
tains manganese. Thiram and metiram are nonmetallic -
carbamate fungicides.
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Dicarboximides. These are widely used as protective
sprays or dusts for fruits, vegetables, omamentals and
turf, and as seed treatments (e.g. captan, folpet and
captafol).

Oxathiins. Two of these compounds, carbathiin and oxy-
carboxin, were introduced in 1966 as systemic fungi-
cides. They are selectively toxic to some of the smut and
rust fungi.

Benzimidazoles. These compounds were first intro-
duced in the late 1960's and have been used as sys-
temic fungicides against many types of diseases. One of
the most widely used is benomyl, for control of diseases
on fruits, vegetables, ornamentals and turf. Two others
are thiabendazole and thiophanate-methyl, used as fol-
iar fungicides, seed treatments, soil drenches, and as
dips for fruit or roots.

Dinitrophenols. As a group, these compounds are usu-
ally toxic to mammals and phytotoxic. DNOC can only
be used as a dormant spray. Dinocap is no longer regis-
tered because of chronic health effects in test animals.

Organochlorines. This group contains fungicides with
limited uses. Quintozene (PCNB) was introduced in the
1930’s as a seed treatment, as a foliage fungicide and
as a soil treatment to control damping-off fungi, but use
on food crops is now very restricted.

Antibiotics. Antibiotics are toxins produced by microor-
ganisms to kill other microorganisms. One such com-
pound is streptomycin used for control of bacterial
diseases on pears and potatoes. Another compound,
cycloheximide, has antifungal properties but has limited
use because of its high mammalian toxicity.

USEFUL PUBLICATIONS ON PLANT
DISEASE CONTROL

For recommendations on control of specific dis-
eases in British Columbia, see the Ministry of Agriculture
and Fisheries Crop Production Guides listed near the
end of Chapter 8 for field crops, tree fruits, grapes, ber-
ries, nurseries, vegetables, mushrooms and the home
and garden. More general references include the follow-
ing:

Maloy, O.C. 1979. Plant Diseases. /n: Pacific Northwest Pest
Control Handbook. State of Washington, Department of
Agriculture. Olympia, Washington. p. 347 - 382.

Martens, J.W. et al. 1984. Diseases of Field Crops in Canada.
The Canadian Phytopathological Society. Harrow, Ontario.
160 pp.

Pirone, P.P. 1978. Diseases and Pests of Ornamental Plants.
Fifth Edition. John Wiley & Sons. New York. 565 pp.

REFERENCE LIST OF
FUNGICIDES AND THEIR
PROPERTIES

The following reference list includes a description
of most fungicides used in British Columbia when this
text was published. Fungicides are listed alphabetically
by active ingredient with some examples of trade
names. No endorsement of products is implied. Informa-
tion contained in this list could become out-of-date and
may not represent current use recommendations. The
current registered label is the authority on a pesti-
cide's registered uses, application methods and
safety precautions.

The relative acute mammalian toxicity is given for
each active ingredient listed. LD, values (mg/kg body
weight) are listed where available and are derived from
tests with rats unless indicated otherwise (Rb = rabbit).
The lowest LD, value is listed for each fungicide where
several are given in the literature reviewed.

anilazine (Dyrens} — a foliage protectant triazine fungicide. It
is formulated as a wettable powder for use on turf, vegeta-
bles and berries. Nonphytotoxic when used at recom-
mended dosages. It is compatible with most insecticides
and furgicides except those which are alkaline. ft has a
low mammalian acute toxicity (LD, oral = 2,700; dermal
D 9,400), but may cause skin irritation and is toxic to fish.

benomyl (Benlate, Tersan 1991) — a benzimidazole compound
with residual systemic activity. It is a broad-spectrum fun-
gicide used as a foliar, seed, sail or turf treatment. Beno-
myl acts as both a protectant and eradicant fungicide. It is
formulated as a wettable powder or dry flowable. Benomyl
is used for the control of apple scab, powdery mildew,
brown rot, Fusarium wilt, and numerous other diseases. It
is nonphytotoxic. It has a low mammalian acute toxicity
(LD,,: oral > 9,600), but may cause irritation to eyes,
nose, throat and skin. It is toxic to fish.

borax — a fungicide used as a wood preservative. See refer-
ence list in chapter on wood preservation.

Bordeaux mixture — a broad-spectrum, long-lasting protec-
tant fungicide which is used as a dormant spray for fruit

and other ornamental trees. it consists of a mixture of cop-

per sulphate and hydrated lime. Bordeaux mixture is phy-
totoxic to plum and peach tree foliage, especially at low
temperatures. Since it is corrosive, it should not be stored
in iron or steel containers. A typical formula for mixing is
expressed as 2-6-1000 which means 2 kg of powdered
copper sulphate and 6 kg of lime in 1,600 L of water. Bor-
deaux mixture is incompatible with most other pesticides.
It has a low mammalian acute toxicity.

cadmium compounds (Cadminate, Caddy, Ortho Lawn and
Turf Fungicide) — are inorganic compounds registered in
Canada as cadmium chloride, succinate and sebacate.
They are broad-spectrum turf fungicides. Cadmium com-
pounds are no longer recommended in British Columbia
because of possible cumulative effects in nontarget spe-
cles. Their acute toxicity to mammals varies from low to
moderate (cadmium chloride oral LD,, = 88; cadmium
succinate oral LD,, = 660).
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captafol (Difolatan) — a dicarboximide compound which is a
powerful foliar, turf and seed protectant fungicide closely
related to captan and folpet. It is formulated as a flowable
suspension. Captafol has a very long residual activity on
tree fruit and blueberry plants and is used for control of
potato and tomato blights. During high temperatures and
high humidity it may be phytotoxic to some plants. Capta-
fol has a low acute toxicity to mammals (LD.,: oral =
2,500) but skin and eye contact should be avoided as skin
irritation and allergic reactions have been reported by
some applicators. it is toxic to fish.

captan (Captan, Orthocide) — a dicarboximide compound
which is a broad-spectrum protectant and eradicant fungi-
cide available in a wide variety of formulations and mix-
tures with other fungicides and insecticides. Captan
controls a wide range of leaf spots, blights, rots, scabs,
blotches, as well as seed and soil-borne diseases. Captan
is used for control of Botrytis and other fruit rots of berry
crops, tree fruits and grapes. It is used as a seed treat-
ment and to control bedding plant and forest nursery dis-
eases. It may be phytotoxic to some varieties of apples.
Captan has a low mammalian acute toxicity (LDs,: oral =
8,400) but has caused skin irritation. Also, chronic health
effects developed in test animals after long-term exposure
to captan. Use guidelines have recently been modified to
reduce operator exposure and crop residue levels. It is
toxic to fish.

carbathiin (Arrest, Pro Gro, Vitaflo, Vitavax) — a nonpersistent
oxathiin compound available as a dust, solution, suspen-
sion and wettable powder, usually in combination with
other fungicides and insecticides. It is a systemic fungi-
cide effective against seed and soil-borne smuts, Rhizoc-
tonia, and damping-off disease when applied to seed or
soil. Treated seeds should not be used for food or feed,
and livestock should not be grazed on areas sown with
treated seed for four weeks after planting. Carbathiin has
a low mammalian acute toxicity (LD.,: oral = 3,200; der-
mal > 8,000 Rb), but is toxic to fish.

carbendazim-phosphate (MBC-phosphate, Lignosan-P) — a
benzimidazole systemic fungicide similar to benomyl and
thiophanate methyl registered for Dutch elm disease. It
has a low mammalian acute toxicity (LD,,: oral = 1,500).

chinomethionat (Mcrestan) — an organic hydrocarbon effec-
tive as a protectant and eradicant fungicide against pow-
dery mildew. Available in dust and wettable powder
formulations. Registered for use on non-bearing fruit trees
or as a pre-bloom or post-harvest application only on bear-
ing trees. Not registered for vegetable crops. It has a low
mammalian acute toxicity (LD.,: oral = 1,100; dermal =
2,000), but may cause skin irritation and is toxic to fish.

chloroneb (Demosan) — a chlorinated hydrocarbon, soil fungi-
- cide useful against damping-oft organisms such as Pyth-
ium and Rhizoctonia in turf. It has a low mammalian acute
toxicity (LD,,: oral > 5,000; dermal > 5,000).

chlorophenates — fungicides used for wood preservation.
See reference list in chapter on wood preservatives.

chloropicrin (Larvacide, Picfume, Tear-Gas) — a liquid which
produces a highly poisonous but nonflammable gas, used
to fumigate soil. Phytotoxic to all plants. Persists in the
soil for about two weeks. Effective against a wide range of
soil-bome diseases. It is added in a small quantity to
methyl bromide to serve as a warning agent. Extremely

irritating to the eyes and skin. Highly toxic to all animal
life.

chlorothalonil (Daconil 2787, Bravo, Exotherm Termil, Termil)
— a chlorinated hydrocarbon compound which is a broad-
spectrum, foliar, protectant fungicide for turf, vegetables
and ornamentals. Available in a wide variety of formula-
tions. It has a very low mammalian acute toxicity (LD..:
oral = 10,000), but it causes allergic side effects in some
people. Commonly used in commercial vegetable produc-
tion. Toxic to fish.

coppers, fixed (copper oxychloride, copper hydroxide, tribasic
copper sulphate, Basico, Coprantol, Neutro-Cop, Ti-Cop)
— these insoluble materials are substitutes for Bordeaux
mixture and are more widely used today than Bordeaux
mixture. Effective for control of bacterial blights, and some
fungus blights of trees, shrubs, and vegetables, and a
wide range of other plant diseases. They have low mam-
malian toxicity.

cycloheximide (Acti-Dione) — an antifungal antibiotic for use
on turf and ornamentals. Available in very dilute wettable
powder formulations. Not recommended for use in the
home garden due to its high toxicity. Occasionally used for
rust and powdery mildew control in omamentals. It has an
extremely high mammalian acute toxicity (LDy,: oral =
1.8) and may cause skin irritation. It is toxic to fish and
wildlife.

dichlone (Phygon) — a quinone compound used as a foliar,
protectant fungicide for a variety of diseases on tree fruits
and roses. Dichlone has a low mammalian acute toxicity
(LDs: oral = 1,300), but may cause skin imitation. itis .
toxic to fish. :

dichloran (Botran) — a chlorinated nitroaniline compound
used as a soil and foliar fungicide. It is available as a wett-
able powder and is effective against sclerotia-forming
fungi and some other plant diseases. It is also used as a
cut flower spray or dip for Botrytis control. It is phytotoxic
to some seedlings, transplants, and greenhouse ornamen-
tals, especially when mixed with certain organophospho-
rous pesticides It has a low mammalian acute toxicity
(LD: oral = 1,500).

DNOC (dinitro compounds, Elgetol) — related to the dinoseb
herbicides, used as a dormant spray to control overwinter-
ing fungi, insects and mites on tree fruits. Extreme care
must be exercised with its use. It is not normally recom-
mended due to its high mammalian toxicity (LD,,: oral =
20; dermal = 200).

dinocap (Karathane, Mildex) — a protective dinitrophenol fun-
gicide specific for powdery mildews, aithough some other
plant diseases and mites are also controlled. Dinocap
acute toxicity to mammals is moderately low, but its use
registration has recently been withdrawn due to chronic
toxicity effects in test animals.

dodemorph-acetate (Meitatox) — is an organic compound

used as a systemic, foliar protectant and eradicant fungi-
cide for the control of powdery mildew on roses in nurser-
ies and greenhouses. Formulated as an emulsifiable
concentrate, it is nonphytotoxic when used as directed. [t
has a low acute toxicity to mammals (LD.,: oral = 2,500),
but it may cause eye and skin irritation. It has a low toxic-
ity to bees.
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dodine (Cyprex) — is an aliphatic nitrogenous compound used
as a foliage protectant fungicide. It has some eradicant
properties. It gives residual control of apple and pear
scab, brown rot of stone fruits and cherry leaf spot.
Dodine is available as a solution, emulsifiable concentrate
or wettable powder. Phylotoxicity has been reported with
some varieties of apples, peaches and plums. It has a low
mammalian acute toxicity (LD.,: oral = 566), but may be
irritating to the skin. It is nontoxic to bees.

ethirimol (Milgo-E) — a pyrimidine compound effective against
powdery mildew of wheat when applied as a foliar protec-
tant. Systemic but rapidly degraded in plants. It has a low
mammalian acute toxicity (LD..: oral = 4,000).

etridiazole (Truban) — a selective thiazole soil fungicide regis-
tered for use against water moulds such as Pythium and
Phytophthora on certain ornamental plants. It has a low
mammalian acute toxicity (LD, oral = 1,077).

1enamlnosulf (Dexon, Lesan) — an organic hydrocarbon
which is effective against certain water moulds and damp-
ing-off fungi in soils. It is sometimes combined with quinto-
zene (PCNB, Terraclor) for use in greenhouses. Not
recommended for home garden use. Solutions decom-
pose rapidly when exposed to sunlight. Nenphytotoxic. it
has a high mammalian acute toxicity (LD.,: oral = 60; der-
mal = 100).

fentin hydroxide (Du-ter) — an organic tin compound used as
a protectant and eradicant for the control of late blight on
potatoes. It is formulated as a wettable powder. It has a
moderate acute toxicity to mammals (LD,,: oral = 108;
dermal = 5,000), but may cause skin irritation. It has no
known specific antidote. It is toxic to fish and wildlife.

ferbam (Fermate) — one of the original carbamate fungicides
used as a broad-spectrum foliar protectant. It is formulated
as a dust, pressurized spray and wettable powder. It
leaves a black spray residue and has an unpleasant
odour. It is nonphytotoxic. It has a low mammalian acute
toxicity, (LDs: oral = 1,000), but it causes irritation to the
nose and throat. It is highly toxic to fish.

fixed copper — see copper, fixed

folpet (Phaltan) — a dicarboximide compound closely related
to captan. It is used for many of .the same purposes as
captan. Available in a variety of formulations, it is used
mainly in home garden mixtures. Folpet gives fair contro!
of many powdery mildews. Phytotoxic to some varieties of
pears, apples, and cherries. Mammalian acute toxicity is
very low (LD,,: oral > 10,000) but it may be irritating to
the mucous membranes. It is toxic to fish.

formaldehyde (Formalin) — a general disinfectant for soil,
benches, tools and storage areas. A gas mask is required
in confined areas. Available as a solution. Formaldehyde is
also used against a wide variety of plant diseases, as a
seed treatment, and hot or cold treatment for tubers and
bulbs. It has a low mammalian acute toxicity (LDs: oral =
800) but its fumes are very iritating to eyes and lungs.

glyodin (Glyodine) — an organic heterocyclic compound used
as a protectant fungicide. it controls appte scab and sup-
presses mites and has excellent wetting and sticking prop-
erties. It has a low mammalian acute toxicity (LD,,: oral =
3.200).

iprodione (Rovral) — a broad-spectrum systemic imide fungi-
cide, with protectant and eradicant properties, registered
for use against grey mould of vegetables, berries, grapes,
and ornamentals, Botrytis bunch rot in grapes, grey mould
in strawberries, brown rot of stone fruits, white mould of
beans and several diseases of turf. it has a low mammal-
ian acute toxicity (LD.,: oral = 3,700).

lime sulphur (calcium polysulfide, Ortherix) — an old time
inorganic fungicide, miticide and insecticide. Still useful as
a dormant or delayed dormant spray for certain fruits and
other woody plants. Lime sulphur is incompatible with
most pesticides. It is commonly used for control of pear
scab and peach leaf curl. Lime sulphur may burn foliage
when used during the growing season. It has a low mam-
malian toxicity, but may cause skin irritation.

mancozeb (Dithane M-45, Manzate 200) — a broad spectrum
carbamate foliage protectant fungicide. it is available in
wettable powder and dust formulations. Mancozeb is par-
ticularly useful for foliar diseases of vegetables, ornamen-
tals and tree fruits. It is similar to maneb, but with the
addition of zinc. Nonphytotoxic when used as directed.
Compatible with most commonly used pesticides. It has a
very law mammalian acute toxicity, (LD.,: oral = 7,500),
but may cause skin irritation.

maneb (Dithane M-22, Manzate-D, Mantox, Agrox Seed Treat- .
ment Fungicide, Tersan LSR) — a broad-spectrum carba-
mate foliage fungicide similar to mancozeb, available in
dust, suspension and wettable powder formulations. May
be phytotoxic to some seedlings and to some varieties of
cherries and apples. Compatible with many insecticides
and fungicides. It has a low mammalian acute toxicity
(LD.,: oral = 1,000), but may cause skin irritation. :

metalaxyl (Ridomil, Subdue, Apron) — an acylalamine com-
pound with systemic fungicide properties specific for water
moulds. It is used for foliage, soil or seed treatments.
Metalaxyl is often mixed with other fungicides in an
attempt to avoid fungus resistance. It has a low mammal-
ian acute toxicity (LDy,: oral = 670), but may cause skin
irritation.

methyl bromide (Dowfume MC-2, Brom-O-Gas, Meth-O-Gas,
Terr-O-Gas) — a highly poisonous gas used for fumigation
of greenhouse soils and seed beds to prevent damping-off
and root diseases and to kill weed seeds and nematodes.
(See reference list in chapter on fumigants).

metiram ) — a carbamate compound used as a pro-
tective foliage fungicide. Formulated as a wettable powder
or solution. Metiram is a broad-spectrum fungicide regis-
tered for control of rusts, scabs, rots, downy mildew, early
and late blights, leaf spots, smuts and other fungi on veg-
etable crops, cereals, potatoes, tomatoes, grapes and turf.
Metiram must be stored coo! and dry to avoid release of
flammable vapours. It is nonphytotoxic. Mammalian acute
toxicity is very low (LD, = 6,200), but it is a skin irritant. it
has a low toxicity to fish.

oxine benzoate (No Damp) — an organic compound used for
control of damping-off diseases on seedlings and cuttings
of ornamentals and vegetables. It can be applied to seed-
lings or to the soil.

oxycarboxin (Plantvax) — an organic compound effective as a
systemic fungicide. Available in a solution and a wettable
powder. it is used for rust control on carnations in green-
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houses, or in a mixture with other fungicides for control of
several snow moulds on turf. Although mammalian acute
toxicity is low (LD oral = 2,000), it is not registered for
use on food or feed crops.

quintozene (Terraclor, PCNB) — an organochlorine compound.
Quintozene is a long lasting soil and turf fungicide formu-
lated as a wettable powder. It is effective against sclerotia-
forming, soil-borne fungi such as Rhizoctonia. Not recom-
mended for use in food crop production except for club
root of crucifers. Useful for root rots of potted plants in
greenhouses. Nonphytotoxic at recommended rates of
application. Quintozene has a low mammalian acute toxic-
ity (LD.,: oral = 1,650), but may cause skin irritation.

streptomycin sulphate (Agrimycin, Agristrep) — is an anti-
biotic used in controlling certain bacterial diseases such
as fire blight, soft rot and black leg. It is formulated as
soluble and wettable powders. It has a low mammalian
acute toxicity (LD,: oral = 9,000), but may cause skin
irritation.

sulphur (Ortho Flotox, Magnetic 6) — is an element long used
as a combination fungicide-miticide-insecticide, available
in a variety of formulations for the control of a wide range
of plant diseases. May injure plants during hot, dry
weather. It is phytotoxic to certain sulphur-sensitive plants
such as pears, apricots, raspberries and cucurbits. Rela-
tively nontoxic to man, animals and bees, but may be irri-
tating to the eyes and skin.

thiabendazole (Mertect) — a benzimidazole compound used
as a protectant and eradicant fungicide. It is formulated as
a dust, suspension and solution. Used for the control of
moulds and rots in apples, bulbs and potatoes. It is not
effective against bacterial infections. Nonphytotoxic when
used as directed. Incompatible with numerous other pesti-
cides. It has a low acute toxicity to0 mammals (LD.,: oral =
3,100).

thiophanate-methyl (Easout, Scotts DSB) — is a benzimida-
Zole compound similar to benomyi used as a systemic,

protectant and eradicant fungicide with long residual activ-
ity. It is formulated as a dust, granules or wettable powder.
It is used in the control of a number of diseases of fruit,
vegetables, turf, greenhouse and nursery ornamentals. It
is nonphytotoxic. Mammalian acute toxicity is very low
(LD,: cral = 7,500, dermal > 10,000). It is toxic to fish.

thiram (Arasan, Thiram 75, Tersan 75, Vitafio, Pro Gro) — a
broad-spectrum carbamate compound used as a turf, fol-
iar, soil and seed protectant fungicide. Available in a vari-
ety of formulations for use against a wide range of plant
diseases. It has a moderate mammalian acute toxicity
(LDy,: oral = 375; dermal > 2,000). It may be irritating to
the skin and must not be used while consuming alcoholic
beverages.

triforine (Funginex) — a systemic piperazine fungicide cur-
rently registered in Canada for the control of mummyberry
on blueberries, for cottonball on cranberries, for blossom
blight stage of brown rot on peaches, cherries and plums,
and powdery mildew and black spot on roses and oma-
mentals. It has a low acute toxicity to mammals (LD.,: oral
= 6,000). It also has a low toxicity to fish and bees.

zineb (Dithane Z-78, Blightox, Thiogreen 80) — a carbamate
compound containing zinc. Zineb is a protective multi-pur-
pose foliage and soll fungicide for use on many types of
plants. It is formulated as a dust and a wettable powder. It Chapt.
may be phytotoxic to zinc sensitive plants. A widely used 1 0
fungicide, zineb was replaced by maneb and mancozeb
for some uses. Mammalian acute toxicity is low (LD, oral
= 1,000; dermal > 2,500). It may cause irritation to the
nose, throat and skin.

Y

ziram — a carbamate compound containing zinc. It is used as
a general protective foliage and soil fungicide. It is good
for tender flowers and vegetable seediings. Formulated as
a wettable powder or spray. It is incompatible with many
inorganic materials. It is nonphytotoxic, except to zinc-
sensitive plants. It has a low mammalian acute toxicity
(LDy: oral = 1,400), but may cause skin irritation.
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Questions

1.

~

10.

Name three causes of nonparasitic diseases.

. Name three parasitic disease-causing organisms.

. How are virus diseases transmitted from one plant to

another?

. Give several examples of symptoms of plant diseases.

. Name possible causes of diseases with the following char-

acteristics:

(a) develops in a low spot in a field

(b) all plants in a field are affected

(c) develops very rapidly

(d) started from a localized area, spreading slowly in
extent and severity.

. What are 3 categories of disease symptoms to look for in

disease identification?

. At what stage in the life cycle of a fungus is it usually most

vulnerable to fungicides? Describe this stage.

. Name four cuitural control practices to protect against par-

asitic diseases.

. Explain the difference between protectant and eradicant

fungicides — which are most commonly used?

What are two major disadvantages of systemic fungicides?

Answers

1.

10.

light, temperature, water or nutrient deficiencies or
excesses.

. fungi, bacteria, mycoplasmas, viruses, viroids.

. by mechanical means — on pruning equipment or by

insects.

. leaf browning, leaf or blossom damage, wilting, yellowing

of leaves.

. (a) soil condition but could be parasitic disease

(b) soil condition, adverse climate, toxic chemical
(c) climate, toxic chemicals
(d) parasitic disease

. death of plant parts, underdevelopment of tissues, over-

development of tissues.

incubation stage — when fungal spores start to germinate
on the plant surface, but before they penetrate.

. select tolerant plants, select plants suited to growing con-

ditions, rotate plant crops, remove plant debris.

. protectant sprays prevent a fungus from infecting a plant;

eradicant sprays eliminate established infestations or pre-
vent further development. Protectant sprays are most com-
monly used.

Resistance may develop to systemic fungicides and fungal
organisms may recover quickly after the chemical breaks
down.

96

Y333 33 3333333333333 3333333333333333)3333333)73



FIVIIIIIIIIIFIIIIIIINIIIBIIINIIINIIIINININIININIIFNIININD

Chapter 11

FUMIGATION

NEMATODES, NEMATICIDES AND SOIL
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NEMATODE
CHARACTERISTICS

'STRUCTURE AND LIFE CYCLE

Nematodes are small, slender, colourless round
worms. They are microscopic, and range in length from
0.2 to 0.4 mm. Various species of nematodes are para-
sites, living in or on plants, animals, insects and fungi;
others feed only on decaying organic matter. A small
fraction of the several thousand species known to man
are plant pests, causing diseases in desirable plants.

The life cycle of most plant-feeding nematodes is
simple. The female lays eggs that hatch into larvae
which pass through four moulting periods to become
adults. The average life cycle takes 20 to 60 days, dur-
ing which the females of some species may produce
more than 500 eggs. Figure 20 illustrates a life cycle
which includes stages in the soil and in plant tissues.

Most plant-feeding nematodes spend their life in
the soil. However, some species live part of their life
inside plant roots. Others move from the soil up into
stems, bulbs and leaves of certain plants. The symp-
toms of nematode attack are often the same as those
caused by other diseases which damage the root sys-
tem. Typical symptoms above ground are stunting, yel-
lowing, loss of vigour and eventual death of plants, when
nematode populations are large.

20 x enlargement
of potato root
and nematode

Figure 20. Life cycle of the golden nematode (1 —
the cyst, smaller than a pinhead may contain several
hundred eggs. A chemical produced by potato or tomato
roots causes larvae to hatch from the egg. 2 — larvae
entering root. 3 and 4 — swollen females feeding in
root. 5 — mature female breaking through surface of
root into soil).
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TYPES OF NEMATODES

Most nematodes that are pests in British Columbia
are widespread in the province. They can become a
problem in nearly any location if a cultivated crop is sus-
ceptible to nematode infestation and if nematode control
is not practiced. The main pest species in British Colum-
bia can be divided into six categories:

The bulb and stem nematode (Ditylenchus dipsaci).
Only the species which attack narcissus appears to be
economically important in British Columbia. The nema-
todes usually enter the bulbs from the soil in the region
of the neck and are eventually found throughout the
plant. Infected plants have characteristic small, pale
swellings or ‘spickles’ on the growing leaves. Rings of
brown decay can be seen in badly infested bulbs when
they are cut in cross section. The older larvae, when
gradually dried, enter a dormant condition known as
‘nematode wool’, in which they can remain alive for sev-
eral years, becoming active again only when moistened.
This wool is easily transported to clean bulbs and fields
through the use of contaminated equipment and cloth-
ing.

Spiral nematodes (Helicotylenchus spp.). These nema-
todes live on the outside of the roots and underground
parts of plants. They are especially prevalent in lawns,
golf greens and pastures. Many common field and vege-
table crops, as well as ornamental shrubs, fruit and for-
est trees, and weeds, can also serve as hosts.

Needle nematode (Longidorus spp.). This nematode
has a limited distribution and causes damage primarily
to strawberries. It feeds from the outside of the roots,
causing a stunted, distorted root system with slight ter-
minal swellings. Certain viruses are transmitted by this
nematode.

Root-knot nematodes (Meloidogyne spp.). These nema-
todes reproduce on a wide variety of plants, including
many weeds. Damage to economic crops is greatest on
ornamentals and vegetables in British Columbia. The
most cbvious damage is the formation of knots or galls
on the roots of host plants. Symptoms above ground
vary with the plant and the environment, but generally
the plant becomes stunted, tumns yellow, and may even-
tually die. The root-knot nematode spends most of its life
inside plant roots. It is therefore easily spread from place
to place when plants are moved from one location to
another.

Root lesion nematodes (Pratylenchus spp.). These are
the most common nematodes in British Columbia. One
species or another is found throughout the province on
almost every crop. They often cause severe injury, par-
ticularly on raspberries and strawberries. Direct damage
is caused by the nematode penetrating, feeding and
migrating throughout the roots. Fungi and bacteria often
invade these nematode wounds, and the combination of
organisms eventually results in extensive root decay.
Since these nematodes spend a portion of their life

inside roots, they are difficuit to control and easily
spread by transplanting infected plant material.

Dagger nematodes (Xiphinema spp.). The American
dagger nematode attacks ornamentals, raspberries,
strawberries and certain fruit trees. Its feeding causes
eventual destruction of the root system and may also
transmit plant viruses to these crops. The Baker dagger
nematode causes damage to small fruits (e.g. strawber-
ries and raspberries), forest and ornamental trees, toma-
toes and potatoes. This species causes terminal root
swelling and a characteristic curling of the root tip. Dag-
ger nematodes remain free in the soil most of their life
and are more easily controlled than nematodes that live
inside roots.

SAMPLING FOR NEMATODES

The effects of nematode damage can be distinct,
but more often are difficult to distinguish from other
plant disease symptoms. Nematode damage to field
crops usually appears as an area of depressed growth
with a gradual improvement outward from the centre.
Nematode populations may be low in the centre of the
depressed growth area, but high around the edge of this
area where food is abundant. Sampling may be required
to determine whether poor plant growth is the result of
nematode injury.

A plant parasitic nematode causes economic dam-
age only when the population density exceeds the toler-
ance level of the crop. This tolerance level varies
according to the host crop and factors such as moisture,
temperature, soil fertility, and soil type. These conditions
vary from season to season and field to field. The need
for nematode control should be determined from a care-
ful assessment of nematode abundance and the suscep-

tibility of the crop to nematode damage.

If a nematode problem is suspected in a commer-
cial crop, growers should consult a District Horticulturist
of the Ministry of Agriculture and Fisheries. If sampling
is recommended, the grower should obtain advice on
the number, size and depth of samples which should be
taken to look for nematodes in a particular planting.

METHODS OF NEMATODE
CONTROL

NON-CHEMICAL CONTROL

There are several ways in which a nematode prob-
lem may be solved. Control often involves the integration
of different methods. Sound practices which prevent
introduction and spread of parasitic nematodes must be
incorporated into a contro! program, otherwise chemical
treatment may be useless and costly.

It is most important to purchase plant stock certi-
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fied to be free of plant-parasitic nematodes. Crop rota-
tion can sometimes be used to prevent buildup of
damaging nematode numbers. The design of crop rota-
tion schemes for this objective requires considerable
knowledge. Advice can be obtained from Ministry of
Agriculture and Fisheries district offices. Good weed
control around crop plants in conjunction with periodic
summer fallow can reduce nematode numbers. Summer
fallow can be beneficial if the soil is left to dry out, but is
only of limited value where there are heavy nematode
infestations.

SOIL FUMIGATION

Nematodes are covered with a tough outer skin
which provides them with considerable protection. Pesti-
cides with outstanding penetration characteristics are
therefore required for their control.

Most pesticides used in nematode control are fumi-
gants. They move through the soil as a gas and depend
on the presence of air spaces in the soil for their distri-
bution. It is critical that the soil contains sufficient air
spaces for this gas movement in order to obtain ade-
quate control. A few nematicides are applied as liquid or
granular formulations and are not fumigants (e.g. oxa-
myi). They have limited uses.

There are a small number of fumigant nematicides
used in British Columbia, and the following discussion
applies to these chemicals.

HOW SOIL FUMIGATION WORKS

Soil fumigation is used to control many pests,
including insects, weeds and disease organisms, such
as nematodes, fungi and bacteria. Soil fumigation is the
application of a toxic gas or a liquid or granular material
which converts to a toxic gas in the soil. This gas moves
through the air spaces in theé soil and is absorbed in the
water film surrounding soil particles. Eventually the gas
escapes from the soil, otherwise the succeeding crop
would be damaged. However, if the gas escapes from
the sail too scon, the pest species will not be killed.

Several factors influence the movement of a fumi-
gant through the soil. Gases move much faster through
air than through water, so the soil must have the right
proportion of air space to water. If the soil is too wet,
there will not be enough air space for the fumigant to
disperse through the soil. If the soil is too dry, there will
be too little moisture around the soil particles to absorb
the fumigant, and it will escape from the soil too quickly.

Heavy or compacted sails do not allow the fumi-
gant to disperse, and cultivation is usually required to
bring the soil to a loose condition before fumigation.
Light sandy soils often have too much air space and the
fumigant will escape quickly unless the soil is sealed or
compacted immediately after fumigation.

Soil temperatures directly influence the effective-
ness of a fumigant. When soil temperatures at a depth
of 15 to 20 cm are near or below 4°C, the fumigant con-
verts to a gas slowly and spreads very gradually. If the

soil temperature is above 24°C, the fumigant converts to
a gas rapidly and moves out of the soil too quickly.

Organic matter readily absorbs fumigants and may
prevent the gas from dispersing evenly. If the soil
organic matter is high or too much crop residue is in the
soil, higher rates of fumigant will be needed to do an
effective job. The presence of materials such as stems
or stubble will provide ‘chimneys’ through which the
fumigant can rapidly escape from the soil. Crop rem-
nants aiso provide protection for various pests.

SELECTING THE RIGHT FUMIGANT

Considerations for fumigant selection are the pur-
pose, cost and equipment available for application.
Fumigant costs vary considerably. Some fumigants
require considerable field preparation and/or elaborate
application equipment. Some fumigants such as 1,3-
dichloropropene control mainly nematodes and insects.
Others, such as methyl bromide, methyl isothiocyanate-
dichloropropene mixtures, and metam-sodium have a
wide spectrum of activity and control many soil insects,
nematodes, weeds and plant disease organisms.

In deciding on fumigant use, one must consider
the value of the crop, cost of the fumigant and its appli-
cation, impact of the nematode disease, other diseases
or weeds that might be controlled at the same time as
well as safety precautions. Advice can be obtained from
a District Horticufturist.

APPLYING THE FUMIGANT

The best time to apply chemical controls is in the
late summer or early fall when soil temperatures are
high, moisture is moderate, and there is sufficient time
for control and the release of the nematicide from the
soil before planting the next spring. A good practice,
where possible, is to plough out the roots of susceptible
plants immediately after harvest. This prevents addi-
tional nematode buildup, exposes roots to the drying
sun and wind, and breaks down roots where nematodes
may be living. Then work the ground to seed bed condi-
tion which will permit thorough diffusion of the fumigant.

The soil should contain a maisture content so that,
when a handful of soil is squeezed, it will barely retain
its shape. In drier areas or on sandy soils, water may
have to be applied prior to fumigation to get the desired
soil moisture.

Soil temperature usually should be between 10°
and 20°C at the application depth. Check label direc-
tions.

Soll fumigants are sometimes applied to small
areas such as greenhouse soil or topsoil, seed beds or
sites where individual trees are to be planted. Gaseous
fumigants such as methyl bromide can be applied under
a polyethylene cover. Liquid fumigants can be applied by
injection with hand applicators or by mixing with water
and drenching the area.

Soil fumigants may be applied to large areas by
the use of tractor-drawn injection equipment or by appli-
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cation in irrigation systems. Fumigants may be injected
by chisels or ploughs at a depth of at least 15 to 20 cm.
The applicator shanks should be spaced no more than
30 cm apart. Row or strip application reduces fumigation
costs, since only that portion of the field where plants
will be grown is treated. However, this method can be
less effective than broadcast treatment.

Immediately after fumigation the soil surface
should be sealed to delay the escape of the fumigant
from the soil. For most fumigants, simply compressing
the surface with some device, such as a roller, is suffi-
cient. For more volatile materials like methyl bromide, a
plastic cover is necessary. A water seal may be used
with the application of certain fumigants.

The soil should be exposed to the fumigant for
periods ranging from two days to two weeks, as recom-
mended for the product used. Longer exposure periods
are usually required for cooler soils. Following the expo-
sure pericd, the soil should be left to aerate so that no
phytotoxic ¢oncentrations of fumigant remain at planting
time. Two weeks to several months may be required.
With some fumigants, the soil is free of damaging fumi-
gant levels when the odour of the fumigant can no
longer be detected. When soil fumigants are applied in
spring, the soil may have to be cultivated one or more
times to speed up aeration prior to planting.

Since many fumigants are corrosive, equipment
should be cleaned thoroughly after use by flushing with
fuel oil or kerosene.

SAFETY PRECAUTIONS

Note that the production of a toxic gas during or
following fumigant application considerably increases
the risk of human exposure to these pesticides com-
pared to solid or liquid pesticides. In addition, the toxic-
ity of most fumigants is relatively high. Therefore, it is
essential to follow the safety precautions described on
the label. Fumigant applicators must have knowledge of
the properties of the fumigant chemicals and safety
requirements for their use.

The following procedures should be observed
when working with fumigants:
¢ Do not work alone.
¢ Ensure you have the required and correct protective

gear.

¢ A respirator must be worn if fumigants are used in
enclosed places and when aerating treated areas.

¢ When dealing with a spill in an enclosed area, use an
approved full-face, air-supplied respirator.

* Many liquid fumigants can penetrate leather and rub-
ber boots or gloves. Palyethylene gloves and wrapping
around boots provides better protection.

* When working with methyl bromide, gloves should not
be worn. If the liquid is held in contact with the skin by
gloves, bums can resuit. If the liquid is spilled on bare
hands it will evaporate quickly, but wash with soap and
water immediately.

* Do not apply fumigants immediately adjacent to
human dwallings or livestock.

* Prevent access to treated areas by people without

knowledge of the danger, especially children.
¢ Do not store fumigants near human dwellings or live-
stock.

USEFUL PUBLICATIONS ON
NEMATODES AND SOIL
FUMIGATION

Information on nematode control is contained in
the B.C. Ministry of Agriculture and Fisheries Crop Pro-
duction Guides for Berries, Nurseries, Vegetables, Tree

" Fruits and Grapes.

REFERENCE LIST OF
NEMATICIDES AND THEIR
PROPERTIES

The following reierence list includes a description
of most nematicides used in British Columbia when this
text was published. Nematicides are listed alphabetically
by active ingredient with some examples of trade
names. No endorsement of products is implied. Informa-
tion contained in these lists could become out-of-date
and may not represent current use recommendations.
The current registered label is the authority on a
pesticide’s registered uses, application methods and
safety precautions.

The relative acute mammalian toxicity is given for
each active ingredient listed. LD, values (mg/kg body
weight) are listed where available and are derived from
tests with rats unless indicated otherwise (Rb = rabbit).
The lowest LD, valus is listed for each nematicide
where several are given in the literature reviewed.

Non-Fumigant Nematicides:

oxamyl (Vydate L) — a carbamate compound that is used for
control of nematodes and insects. its registered use is
restricted to root-lesion nematodes on non-bearing apple
trees. It is applied as a liquid drench or foliar treatment or
both. It has moderate residual activity. It is highty toxic to

mammals (LD,,: oral = 5.4) and highly toxic to fish and
birds.

Fumigant Nematicides:

dazomet (Basamid) — is a granular soil fumigant which is

applied dry and needs no plastic cover or complicated
application equipment. It controls unencysted nematodes,
soil fungi and most weeds and weed seeds commonly
found in soil and mixtures of soil and peat used in propa-
gation beds. Granules are applied to moist, well prepared
soil when the soil temperature is above 6°C. Following
incorporation to a depth of 20 to 25 cm, the soil surface
must be sealed by rolling or packing and possibly light
irrigation. After 7 to (0 days the soil is cultivated to allow
phytotoxic gases to escape. Depending on soil tempera-
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tures, 2 1o 6 weeks must pass before any crop can be
safely planted. If very early spring planting is anticipated,
dazomet is best applied in September or October of the
preceding year when the soil is warm. Dazomet has a
moderate acute toxicity to mammals (LD,,: oral = 320)
and may be irritating to skin. It is toxic to fish.

dichloropropene fumigants (7elone, Voriex) — these products

contain 1,3-dichloropropene alone or in combination with
1,2-dichloropropane and small amounts of other chlori-
nated hydrocarbons including chtoroplicrin or methyl iso-
thiocyanate. They are used for preplant treatments in both
field and greenhouse soils to be planted with some orna-
mental plants, vegetables, berries, fruit trees and nursery
crops. They kill nematodes and can control some fungal
diseases and wireworms and suppress germination of
some seeds. They can be phytotoxic to crops if planted
too soon after the fumigants are applied. After the soil is
exposed to the fumigant for a minimum of 4 to 7 days, the
soil should be cultivated, then left to aerate for a minimum
of one week — longer if high application rates are used,
soil temperatures are below 15.5°C, the soils are very wet
or are organic (muck). After fall or winter applications, the
aeration period should extend until spring. The active
ingredients have a moderate acute toxicity to mammals as
liquids (LD, oral = 100—500; dermal = 2,000), but they
are hazardous to use because of the gas they produce
(LC..: inhalation = 9 mg/L). 1,3-dichloropropene has a rel-
atively low toxicity to birds but is highly toxic to fish.

metam-sodium (Metam-Sodium, Vapam) — a liquid soil fumi-

gant which may be injected into the soil, applied to the

soil surface as a drench, or metered into irrigation sys-
tems. in the presence of water, it breaks down into the
more toxic methyl isothiocyanate which is then lost to the
atmosphere by vaporization. Certain weeds and fungi may
be controlled as well as nematodes. Metam-sodium has a
low mammalian acute toxicity (LD,,: oral = 820; dermal =
2,000 Rb) but it may be irritating to the eyes, nose, throat
and skin. It is hazardous to use because of the gas it pro-
duces. Note that the oral LD, for methyl isothiocyanate =
97.

methy! bromide (Dowfume MC-2, Terr-O-Gas) — a colourless,

nearly odourless gas, available in pressurized cans or cyl-
inders, or as solutions containing various percentages of
methyl bromide. The tear gas, chioropicrin, is usually
added as a warning agent. The area to be treated must be
covered with a plastic tarp or other suitable gas-proof
material. Although normally used in small areas, equip-
ment is available for field-scale application. The material is
injected into the scil and immediately sealed with polyeth-
ylene in one operation. When the soll has been properly
prepared, methyl bromide will kill nematodes and insects
to a depth of 30 cm or more and fungi and weed seeds to
a lesser depth. The minimum scil temperatures for treat-
ment is 4.5°C at 15 cm. When the tarp is removed, the
material escapes rapidly and the soil is ready for planting
within two to five days. Methyl bromide has a high mam-
malian toxicity. The liquid has an LD, of about 1 mg/L
and can cause severe eye and skin bums. The gas is very
hazardous due to the potential for inhalation. The thresh-
old level of toxic effects in humans is about 20 ppm for the
gas.

CHAPTER QUIZ -

Questions

1.

How large are adult nematcdes? Summarize their life-
cycle.

. What are symploms of nematode damage in plants?

. What are 4 types of plants that are susceptible to nema-

tode damage in B.C.?

. Who would you consult about the need to sample for

nematodes?

. What are 3 non-chemical ways to control nematodes?

. Name 4 soil conditions that must be considered when

using a fumigant and indicate why.

. What are 2 reasons fumigants are dangerous to workers?

. Name at least 4 safety precautions in working with fumi-

gants.

Answers

1. The adult size is 0.2 to 0.4 mm long. Larvae hatch from

eggs and moult about 4 times during development to the
aduit stage which usually takes 20 to 60 days.

. Stunting, yellowing, loss of vigour, death of plant.

. Narcissus bulbs, vegetable crops, ornamental shrubs, fruit

trees, berry crops.

. District Horticulturist of the Ministry of Agriculture and

Fisheries.

. Purchase nematode-free plant stock, practice crop rotation

and practice good weed control with periodic summer fal-
low.

. Water content — not enough air spaces if too wet; gas

moves out too quickly if too dry.

Compaction — does not distribute well if too compact,
moves out too quickly if too sandy.

Soil temperature — fumigant doesn’t become a gas if
too cold, converts to gas too quickly if tco warm.
Organic matter — gas binds to organic matter.

. Increased risk of exposure to gas; they are highly toxic.

. Don't work alone, wear correct protective gear, don't store

or apply near human dwellings or livestock, have a gas
mask for emergencies if not used in treatment, prevent
access to treated areas by unauthorized people.
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WEED CHARACTERISTICS

INTRODUCTION

A weed is a plant growing where it is not wanted. A
plant may be a desirable species in one location and a
weed in another. Rye, for example, is a desirable crop
plant when grown for its seed, but becomes a trouble-
some weed when it invades wheat fields. A Douglas fir
tree near a power line is a weed, as is common chick-
weed in a vegetable garden.

Weeds need to be controlled for many different
reasons. They compete with cultivated plants for light,
water and nutrients and reduce crop yields. Weeds may
be poisonous to people and livestock or taint dairy prod-
ucts. Some weeds serve as alternate hosts for insects
and plant diseases which attack crops. Weeds suppress
the growth of coniferous seedlings in logged forest
areas. Weed growth along roads can reduce the visibility
around comers and eventually grow through and break
up pavement. Uncontrolled weeds in industrial areas
increase the fire hazard.

Some weed species are designated as noxious
under the provincial Weed Control Act. Noxious weeds
are particularly troublesome species in certain locations
and must be controlled in order to reduce their nuisance
and to prevent their spread. Under authority of this Act,
government agents can instruct landowners to control

-

those weeds designated as noxious in a particular area.
Some weeds are designated as noxious for the entire
province, while other species are designated as noxious
within some regional districts. The noxious weeds for
British Columbia are listed in Chapter 3.

WEED CLASSIFICATION

Weeds can be classified (grouped) according to
such characteristics as lifespan, season of growth and
type of reproduction. A knowledge of these characteris-
tics is important when deciding how and when to control
specific weeds. Herbicide product labels may include
directions for use on specific types of weeds.

All plants can be divided into three types: annuals,
biennials and perennials.

Annuals

Annual plants complete their life cycle in less than
one year. They are often considered easy to control in
the short term (i.e., for one crop of weeds). However,
most annuals produce many seeds and have rapid
growth rates. They may require more effort to control
over a period of years than perennial weeds. There are
two kinds of annuals:

e Summer annuals. These plants germinate in spring,
produce most of their growth during the summer and
mature, praduce seed and die in the fall. Some sum-
mer annuals are lambsquarters, pigweed, foxtail and

.
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common ragweed.

* Winter annuals. These plants germinate in the fali or
winter, produce most of their growth during the spring,
and mature, produce seed and die in summer. Some
winter annuals are chickweed, shepherd’s purse,
groundsel and black medick.

Biennials

Biennials live for more than one year but less than
two years. They grow from seed which usually germi-
nates in the spring. The first year, the plant usually
forms a rosette of basal leaves and a tap root. The fol-
lowing spring the plant draws upon food stored in its root
and grows vigorously. It produces seed and dies in the
summer or fall. Some examples of biennials are wild
carrot, bull thistle, foxglove, common mullein and bur-
dock. The best time to control biennials is in their first
year of growth.

Perennials

Perennials live for more than two years. Seed may
be produced during the second year and in each suc-
ceeding year of the plant’s life. There are three types of
perennials:

« Simple perennials. These plants spread mainly by
seed. Large pieces cut from these plants can some-
times grow into new plants. For example, a dandelion
or dock root cut in half may produce two plants. Other
simple perennials are plantains and spotted cat’s ear.

* Bulbous perennials. These plants reproduce by
underground bulbs as well as by seed (e.g. wild
garlic).

* Creeping perennials. These plants reproduce by seed
and also by creeping roots, creeping above-ground
stems (stolons), or creeping below-ground stems (rhi-
zomes, tubers or corms). Small pieces of creeping per-
ennials can grow into new plants. Examples of
creeping perennials include red sorrel, perennial sow
thistle, field bindweed, wild strawberry, mouss-ear
chickweed, quack grass and Canada thistle. Once a
field is infested, creeping perennials are difficuit to
control. Cultivators and plows move pieces around
fields spreading the weeds. Control often requires fre-
quent repeated cultivation or mowing, or several herbi-
cide applications.

Conifers, Narrowleaved and Broadleaved
Plants

Plants are also classified according to structural
similarities. Three commonly recognized classes of
plants are conifers, and the narrowleaved and broad-
leaved flowering plants (Figure 21).

* Conifers (gymnosperms) are characterized by needle
or scale-like leaves and production of seeds in cones.
Most are evergreen. Conifer trees are generally called
soft-wood trees in contrast to hard-wood broadleaf
trees.

Figure 21. Comparison of narrowleaved and broadleaved plant leaves and seedlings.
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¢ Narrowleaved plants (monccotyledons). Plants in this
group typically have long, narrow, upright leaves and
leaf-veins which run parallel to leaf margins. Seedlings
have only one seed leaf (Figure 21). These narrow-
leaved plants are usually herbaceous, lacking woody
tissues. They include grasses, rushes, sedges and
bamboo which can be problem weeds, and plants
such as lilies, irises and corn which are generally not
weeds. Some herbicides have been developed which
are selective for narrowleaved plants.

« Broadleaved plants (dicotyledons). Plants in this
group usually have broad leaves and their leaf-veins
are net-like, not all parallel. Seedlings have two seed
leaves (Figure 21). They may be either evergreen or
deciduous (lose their leaves in winter). They may be
either herbaceous (soft-stemmed) or woody (hard-
stemmed). Woody plants (e.g. brush, shrubs and
trees) usually live longer and are often more resistant

. to herbicides than herbaceous plants.

WEED IDENTIFICATION

It is usually necessary to identify the name of a
weed before a control program is selected. When a
weed is identified, information can be obtained on its
growth characteristics and control recommendations.

Plants have both scientific and common names.
The scientific (botanical) name always consists of two
parts and is written in Latin. The first part identifies the
genus of the plant. The second part identifies the spe-
cies of the plant. For example, the scientific name of
Canada thistle is Cirsium arvense. This is the most accu-
rate way to name a plant, as the scientific name is used
for the same plant species around the world. Common
names for plants (such as Canada thistle) may vary from
region to region, causing confusion. if you refer to a
weed by its common name, be sure that the same name
is used by weed contro! specialists in your area.

Various illustrated publications by Agriculture Can-
ada and the British Columbia Ministry of Agriculture and
Fisheries are available to help identify weeds (see list of
publications toward the end of this Chapter). Weed spe-
cialists may be able to help when identification is diffi-
cult.

WEED CONTROL AND
HERBICIDE USE

WEED CONTROL METHODS

Weed control methods can be divided into five cat-
egories: prevention, mechanical, cultural, biological and
chemical. A well-planned weed control program will
often combine two or more of these methods.

Prevention

Prevention is the attempt to keep weed species out
of a specific area and should be the first consideration for
effective, long-term weed control. Once weeds infest an
area and produce seeds, they are difficult and costly to
control. A single weed has the potential to cause a wide-
spread infestation if permitted to produce the enormous
number of seeds typical of many weed species (Table

11). Some desirable practices to prevent weed introduc-

tion include the following:

» Control noxious weeds along roads and railways to pre-
vent their transport to uninfested areas.

* Keep areas near cropland and landscaped areas as
free of weeds as possible. Clean along fencelines, irri-
gation ditches, roadsides and other areas that may har-
bour weeds.

* Use seed certified to be clean, i.e. free of weed seeds.

¢ Cut weed-infested crops prior to seed production.

¢ Avoid use of soil from infested areas.

* Make sure machinery such as harvesting equipment is
free of weed fragments and seed before moving to
clean areas.

¢ Clean livestock before moving from infested to clean
areas.

¢ Use only well-rotted manure (at least 4 to 5 months
old). Many weed seeds pass unharmed through the gut
of grazing animals.

Table 11. Seed production estimates of individual
plants of some common weed species.

Seeds
Weed Species Per Plant
wild buckwheat 11,900
burdock 31,600
dandelion 15,000
curled dock 29,500
lambsquarters 72,450
mullein 223,200
common mustard 2,700
wild oats 250
shepherd’s purse 33,500
Russian thistle 24,700

Physical Control

Objectives of physical control may include remov-
ing, covering or stressing weeds or preventing seed pro-
duction.

Tillage is probably the most common method of
physical weed control. Most annual broadleaf weeds are
killed by tillage if all growing points are buried. Burial is
only partly effective on weeds with underground stems
and roots that are capable of sprouting. Tillage can also
be used to disturb root systems. The objective is to dis-
lodge or cut the root system so the plant dies from
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drying out or from frost damage before it can re-estab-
lish its roots. Repeated tillage operations are usually
required to effectively control perennial weeds.

Mowing can be an effective way to control annual
weeds if done often enough to prevent flowering and
seeding. Some perennial weeds can be killed by mow-
ing. However, most perennials require several cuttings
to expend food reserves in their roots, before they are
killed.

Burning can be used to remove undesirable plants
and to kill some of their seeds. Although intense heat
from burning will destroy most seeds on plant stalks,
only a small number of seeds below the scil surface can
be killed.

Mulching can be an effective way to eliminate
weed growth from small areas. Muiching materials such
as straw, manure, sawdust or black plastic exclude light
from weeds and they eventually die.

Cultural Control

In cultural control, plant competition or cropping
practices are used to suppress weeds. Such techniques
require knowledge about the growth requirements of
desirable pla:ts in relation to weeds.

It is inportant to establish a vigorous, dense
growth uf cultivated plants to reduce competition with
weeds. For example, good growing conditions should be
provided for lawn areas by aeration, top dressing, re-
seeding, good watering practices and correct mowing
heights. Bare areas normally requiring weed control can
often be planted with desirable perennial ground cover
to inhibit annual weed growth. It may be possible to pro-
mote the development of desirable plant communities
along rights-of-way or in landscaped areas to suppress

weed species which grow too high or spread too quickly.

Nurse or companion crops are sometimes planted
to reduce weed growth before the main crop is well
established. These companion crops may be controlled
with chemicals or they may be annuals in a perennial
crop. They are usually quick to germinate and have
rapid early growth to compete with weed species.

Crop rotation is a good method to prevent or
reduce the buildup of high populations of certain weeds

common to a particular crop. When the same crop and
cultural procedures are followed year after year, crop-
associated weeds tend to multiply rapidly and compete
successfully with the crop plants. Rotation of crops or
land-use will reduce this weed growth and, combined
with chemical control, is an effective way of controlling
most weeds.

Biol%gical Control

iological control is the use of insects or disease-
causing organisms such as fungi, bacteria or viruses for
the control of weeds. Most common weed species are
not native plants, but were introduced from elsewhere,
mainly Europe and Asia. Weeds in their native habitat
often have natural enemies that keep their numbers in
check. Introduced weeds may increase rapidly since
their natural enemies are often absent in their new envi-
ronment. Thus biological control usually involves import-
ing natural enemies from areas where the weeds are
native. These enemies must be tested to make certain
that they affect only the weed species and not any other
important animals or plants.

Biological control can be effective, but has a num-
ber of limitations. Testing the effectiveness and safety of
a new control organism usually takes several years. Bio-
logical controls are meant to be specific to one or sev-
eral closely-related weed species and cannot be used to
control a complex of unrelated species. Also, biological
control is generally a slow process and does not provide
immediate weed control. Typically 3 to 10 years are
required before a weed population is reduced to a non-
economic level.

Some investigations of biological control agents in
British Columbia are listed in Table 12.

Chemical Control

Chemicals used to kill, inhibit or change plant
growth are called herbicides. They are *‘phytotoxic”,
meaning injurious or toxic to plants. There are over 100
herbicide active ingredients presently registered for use
in Canada and there are over 600 registered products
which contain one or several of these active ingredients.
There is a continuing attempt to develop herbicides that

Table 12. Some attempts at biological control of weeds in British Columbia.

Diffuse knapweed — two fly species were released which lay eggs in the seed heads. The plant forms a gall around
the resultant larvae and seed production is reduced. First releases were made in 1970 at
Pritchard. In 1976, a root-boring beetle was released near Penticton and in 1983-84 two root
feeding moth species were released at Summerland

Spotted knapweed — two fly and one moth species were released that attack the seed heads and two moths species
were released that fesd on roots.

a fly species which attacks seed heads was released in 1975 at Cloverdale and Cranbrook and

two leaf-eating beetie species have been very effective against this poisonous range weed in

Canada thistle — a stem-miner weevil and shoot gall-forming fly were released in 1975.
Bull thistle —

in 1978 in the Cariboo.
St. Johnswort —

B.C. Another leaf-eater and root-borer were released in 1977 at Elko.
Toadflax — a defoliator moth did not survive introduction.
Tansy Ragwort —

a defoliator moth established in the Lower Mainland was partially successful.
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will be more effective against specific weeds. However,
testing new chemicals for effectiveness and environmen-
tal safety is extremely costly.

" Herbicides can be used to prevent seed produc-
tion, remove above-ground leaves, kill entire plants or
sterilize the ground for several years. The different ways
they affect plants is discussed in the following sections.

HERBICIDE MODES OF ACTION

Herbicide mode of action is the way in which herbi-
cides affect plants. Herbicides can be divided into two
groups: those which are taken up primarily by foliage
and stems (foliar herbicides) and those taken up primar-
ily by plant roots and germinating seeds (soil-applied
herbicides).

Foliar Herbicides

These herbicides act on or through plant leaves
and/or stems. They are either contact herbicides or
translocated herbicides depending on whether damage
is localized to the area sprayed or appears in other parts
of the plant.

Contact herbicides. These kill plant parts directly con-
tacted by the herbicide. They generally cause a rapid
weakening and disorganization of plant cell membranes
to the point where there is a loss of cell contents by
leakage. There is little or no movement of the herbicide
through the plant.

Contact herbicides are effective against annual
weeds, but they only “burn off"’ the tops of perennial
weeds, chemically mowing them. This may be useful to
prevent seed production. Recovery of plants following
top-growth removal will depend on whether the plant has
a protected growing point. Perennials usually have
underground buds that will regrow. Some contact herbi-
cides can be somewhat selective. An example is dino-
seb which can be used to control annual mustards or
chickweed in some agricultural crops. Other contact her-
bicides, such as paraquat, are non-selective and will
remove top growth of most plants.

Translocated herbicides. These herbicides (sometimes
called systemics) are absorbed by leaves, stems or roots
and translocated (carried along with other nutrients)
throughout the plant. Their mode of action is generally
to disrupt chemical processes critical to plant growth
and nutrition. Effects may not be seen for a week or
more after treatment. Translocated herbicides can be
selective as in the case of 2,4-D, MCPA, dicamba and
picloram (Tordon) or non-selective such as glyphosate
(Roundup) and amitrole.

Note that correct application rates are critical
with translocated herbicides. An overdose may kill
plant parts first contacted by the herbicide and prevent
further absorption and translocation. With an overdose
to foliage, the tops of perennial plants may die quickly,
but new shoots will generally develop from below
ground.

Correct application rates of translocated herbicides
allow movement throughout the plant before it is killed.
Rapidly growing plants usually show phytotoxic effects
more quickly than slow-growing plants. Herbaceous
plants usually are affected more quickly than woody
plants. Correct application rates used on woody plants
may not cause toxic effects for a number of weeks. For
example, application of 2,4-D to woody plants in favour-
able growing conditions should resuit in little or no yel-
lowing one week after foliar treatment, some yellowing
after two to three weeks, and dead leaves after four
weeks.

Soil-Applied Herbicides

Soll-applied herbicides are used to control germi-
nating or emerged weeds, or to sterilize soil. Many soil-
applied herbicides are absorbed by roots, translocated
upward and act on foliage. However some (e.g. triflur-
alin) act on the roots and are translocated little, while
others (e.g. EPTC) act on the emerging shoots of seed-
lings. Soil-applied herbicides may be classified as non-
residual, temporary residual or long-term residual.

Non-residual herbicides. These herbicides are effective
for less than one to two weeks. The fumigant methyl
bromide is a non-residual herbicide when used to kill
weed seeds and other organisms in seed beds for nurs-
ery stock. It is applied as a gas under a cover placed
over the treatment area for about 24 hours. The gas
escapes quickly when the cover is removed. Some foliar
herbicides are non-residual because they are quickly
adsorbed to soil particles and rendered inactive (e.g.
diquat, glyphosate).
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Temporary residual herbicides. These herbicides are
usually effective for less than one year. Some of these
herbicides persist in soils for only a few weeks, others
remain phytotoxic to sensitive plants for six months or
more depending on soil and weather conditions. Most
are used for selective control of germinating weed seeds
and seedlings growing among crops or ornamentals.
Examples are:

— triallate (Avadex): used for control of wild oats
and foxtail germinating in cereal, oil seed and
legume crops.

— metolachlor (Dual): used for control of some
grasses and broadleaf weeds in corn crops.

Long-term residual herbicides. These herbicides may
remain phytotoxic for a year or longer. Some are selec-
tive if used to control shallow-rooted weeds among
deep-rooted crops or omamentals. Such selective herbi-
cides must remain in the upper layer of soil and may be
effective for about a year (e.g. simazine applied at low
application rates). Other long-term residual herbicides
are non-selective and are used in areas where no vege-
tation is wanted. These non-selective herbicides are
sometimes called soil sterilants, although the name is
misleading. Soil sterilants are used to kill only plants
rather than all organisms in the soil. These herbicides
may be phytotoxic for one to five years.
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HERBICIDE SELECTIVITY

Herbicide selectivity is required to kill weeds grow-
ing among desirable plants. A non-selective herbicide
will kill or injure a wide range of plant species in a
treated area. Selective herbicides will kill specific plant
species while not significantly injuring others. Most her-
bicides do not fall rigidly into either selective or non-
selective categories since they may be selective under
some conditions and non-selective under other condi-
tions. There are a number of factors which influence the
selectivity of a specific herbicide. These are discussed
briefly here.

Leaf Shape

Retention of spray solution on leaf surfaces is
important for herbicide effectiveness and may vary with
leaf shape (Figure 22). A herbicide spray tends to
bounce or run off plants such as grasses with narrow
vertical leaves. In contrast, the spray is generally
retained on flat, wide leaves of broadieaf plants. Phen-
oxy herbicides will control broadleaf plants but not
grasses due partly to this principle.

Figure 22. Herbicide retention is affected by leaf
shape (after Pasic et al., 1984).

Leaf Surface

Type of leaf surface hairs and thickness of wax
layer affect herbicide retention and penetration into the
leaf (Figure 23). A dense layer of leaf hairs holds the
herbicide away from the leaf surface allowing less chem-
ical to be absorbed into the plant. A thin layer of leaf
hairs may actually reduce herbicide runoff and increase
the chemical in contact with the leaf surface. Some
weeds are hairless, others have various numbers and
kinds of hairs. Generally there are fewer and shorter
hairs on seedling weeds than on more mature weeds.

A thick wax layer may be a barrier to herbicide
penetration into some plant leaves. Many herbicides are
selective for weeds at an early growing stage, partly
because they have a thin wax layer. Penetration of the
wax layer can sometimes be increased by adding a wet-
ting agent to the herbicide. Wetting agents will also
reduce the selectivity of a herbicide.

Plant Physiology
Plant physiology is the term for a plant’'s chemical
processes that carry out life functions such as cell growth

and reproduction, transport of food around the plant, use
of sunlight to convert water and carbon dioxide into
essential materials (photosynthesis) or breakdown of
complex chemicals to produce energy (respiration).
These processes consist of hundreds of complex bio-
chemical reactions which vary from one plant species to
another.

Herbicides are toxic to certain plants because they
interfere with one or more physiological processes.
Some herbicides are selective because of the differ-
ences in plant physiology among species. Other herbi-
cides are selective because resistant plants can quickly
break down the herbicide to non-toxic components. Sus-
ceptible plants are unable to detoxify the herbicide as it is
absorbed.

Growing Sites

Many herbicides interfere with plant processes at
sites of active growth (buds, shoot tips and regions of
cell elongation). Some herbicides are selective due to
differences in location of these growth sites in different
plant species. This is one reason for the selective con-
trol of some broadleaf weeds among grasses. In
grasses, the area of active growth is often near ground
level or partway up the stem and is usually protected by
a leaf sheath. Broadleaf plants typically have an area or
areas of active growth at stem tips, often exposed to
herbicide sprays. However, some perennial broadleaf
weeds may also have protected buds on underground
roots or stems, which makes them hard to control.

Growth Stages )

The effectiveness of some herbicides may vary
with a plant’s growth stage. The seedling stage, when
rapid plant growth occurs, is usually the most vulnerable
to herbicide treatment. Thus herbicides may be applied
which are selective for seedling plants.

Annual plants become less susceptible to herbi-
cides as they near their flowering stage. Usually more
herbicide is required. Herbicides are usually applied dur-
ing flowering only to prevent seed production.

Biennials have a somewhat similar susceptibility to
herbicides as annuals. They are most easily controlled
in the seedling or rosette stage in their first year of
growth. During winter they may be difficult to control
because of their slow growth. As the biennial bolts to
product flowers and seed in the second year, it becomes
less susceptible to herbicides.

Figure 23. Leaf surface hairs and wax layer (after
Pasic et al., 1984)
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Perennial weeds become more resistant to herbi-
cide after their seedling stage. However, they become
more susceptible again at the bud or early flower stage
when food produced in the leaves is being transferred to
roots to replentish depleted reserves. Herbicides are
moved to the roots at this time, which is most important
for control of perennials with underground growing tips.
When perennial plants are in full flower and are produc-
ing seed they again tend to be less susceptible to herbi-
cides. Many perennials show a period of regrowth in the
fall, after seed production. Control with herbicides such
as 2,4-D is effective at this time because the herbicide is
translocated readily into the roots along with food
reserves. Herbicide treatments in fall may also be effec-
tive as the plants will be subject to the additional stress
of winter.

Application Rate

The rate at which herbicides are applied will often
determine their degree of selectivity. For example, diu-
ron may be used at low application rates for selective
control of seedling weeds in several field crops, but at
high application rates it is a soil sterilant. Atrazine may
be used at low application rates for selective control of
broadleaf weeds in corn, but at high application rates it
is also a soil sterilant.

Formulation

Selectivity can be influenced by the type of herbi-
cide formulation. One example is the selectivity obtained
with granular formulations for control of emerging
weeds. The granules fall off existing plants, landing on
the soil. Pesticides are then washed into the zone of
germinating weed seeds but may not penetrate as deep
as the roots of established plants.

Application Timing

Many herbicides are selective if applied at the
proper time with respect to weed growth or crop growth.
Three categories of herbicides are recognized in relation
to the time of application: preplant, preemergence and
postemergence. These terms are often used in the
directions given on the herbicide product label.

Preplant treatment is any application made before
seeding or transplanting. Such applications might be in
the fall to prepare the ground for spring-sown crops. For
example, dalapon controls couch grass and 2,4-D con-
trols bindweed when applied to cereal stubble. Grass-
land is treated with MCPA shortly before ploughing to
reduce perennial weeds such as Canada thistle or
rushes in the following crop. Preplant treatments are
also made after seedbed preparation but before sowing
the crop.

Preemergence treatment is made prior to the emerg-
ence of a specific crop and weed, usually after seeding.
There should be a statement on the herbicide product
label which specifies whether the herbicide is to be
applied “‘preemergence to the crop”, ‘‘preemergence to
the weeds”, or “preemergence to the crop and weeds”

in order to clearly establish the timing of the treatment.

These herbicides usually remain in the surface layer of
the soil where they are absorbed by germinating weeds.
It is necessary that the crop seeds are sown below the
depth of herbicide penetration in the soil, or that the
young crop plants are tolerant to the particular herbi-
cide. Some moisture after application is generally
required to move the herbicide into the weed germina-
tion zone, but heavy rains may cause injury to the crop.

Postemergence treatment is any treatment made after
the emergence of a specified weed or crop. Some post-
emergent treatments of weeds in crops must be made
when weeds are at a specific size for effective control.
This size is usually specified by the number of weed
leaves, such as a weed's 2 to 5 leaf stage (Figure 24).

Clovers o %'o @D
F
Unifotiate 1 o
(spade leal) trifoliate trifoliate 3:‘ "fa‘“

Grasses 3
3

2 leal

3leal 4 leaf 5 leal

Figure 24. Examples of plant leaf stages. Herbicide

use recommendations may specify the weed leaf | [{iPTI8
stages when a treatment will be effective. : 12
Soil Properties

Herbicides applied to the soil are directly affected
by soil properties. Soil type determines how long a her-
bicide will remain phytotoxic and the depth that a herbi-
cide will penetrate. Some preplant herbicides remain
active in the soil for a short period so they can be used
to control weeds shortly before planting. The success of
a preemergence herbicide depends largely on the pres-
ence of a high concentration in the upper 2 cm of soil.
This is where most annual weeds germinate. There
must be relatively low concentrations of herbicide
deeper in the soil where crop seeds germinate. Some
postemergence herbicides are used to control weeds
among deep-rooted plants such as fruit trees because
the herbicide is not active around the deeper tree roots.

The action of a herbicide in the soil is affected by
three main factors: adsorption, leaching and decomposi-
tion.

Adsorption is the attraction of soil particles for the her-
bicide active ingredient. When a herbicide is adsorbed,
it is taken out of solution and made unavailable for
uptake by the plant. Some herbicides are adsorbed by
soil particles much more readily than others. Also, the
content of organic matter and clay in soils greatly affects
herbicide adsorption. Sandy soils have few adsorption
sites and herbicides can be washed through quite read-
ily. Soils with clay and organic matter have many
adsorption sites, making some herbicides less available
to plant roots. Often herbicide labels require application
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rates to be adjusted to match soil types. Higher rates
are often required for soils high in organic matter or
clay.

Leaching is the movement of herbicides through the
soil. Leaching may occur in any direction (downward,
sideways or upward), depending on water flow through
the soil. Herbicides vary from being non-mobile (non-
leachable) to very mobile (highly leachable). Most soil-
applied herbicides require some moisture in the soil to
be effective. Too much water, either as rainfall or irriga-
tion, can leach herbicides out of the zone of weed roots
resulting in poor control and possible toxicity to desira-
ble plants.

Decompaosition is the breakdown of herbicides into non-
toxic compounds. Decomposition occurs by a number of
processes including micro-organisms, chemical decom-
position and photo-decomposition. Soil conditions which
favour micro-organisms such as bacteria and fungi are
most favourable to herbicide decomposition. These con-
ditions are warm, moist, well-aerated soils. Herbicides
may remain toxic in the soil for a considerable time if the
soil is cold, dry and poorly aerated.

Chemical decomposition occurs from the reaction
of soil constituents such as oxygen, hydrogen and water
with a herbicide active ingredient. Some herbicides are
more prone to chemical breakdown than others.

Photo-decompaosition is the action of ultraviolet
light from the sun which decomposes many herbicides
applied to the soil surface. Some herbicides such as tri-
fiuralin are recommended for mechanical soil incorpora-
tion as they break down quickly if exposed to sunlight on
the soil surface.

Application Methods

The method of application can be an important fac-
tor influencing herbicide specificity. There are a number
of tarms that relate to herbicide application metheds.

¢ Broadcast treatment is a uniform application to an
entire area.

* Directed sprays are applications in a particular pat-
tern or to a specific part of a plant. Such sprays are
usually applied at or just above ground level, directed
to the leaves of small weeds but away from taller
desirable plant leaves. Sometimes directed sprays are
used with shields to keep most spray off desirable
plants.

* Spot treatment is the treatment of a restricted area,
usually to control an infestation of a weed species
requiring special treatment. Non-selective, residual
herbicides are sometimes applied as spot-treatments
to control small clumps of serious perennial weeds.
Liquid or granular formulations may be used.

« Wiper treatment is a technique of applying herbicides
selectively to weeds without the hazard of spray drift.
Wicks made of rope, fabric rollers or absorbent pads
are kept wet with herbicide solution and wiped against
the weeds. The wick may be directed by hand to spe-
cific weeds or may be drawn over the ground in a way
to maximize contact with weeds but avoid non-weed
spacies. Treatment may be for tall weeds only or to kill

weeds between crop rows.

» Basal applications are used to control woody plants.
Herbicide designed for this use is applied to the lower
portion of individual stems. The base and any exposed
roots are thoroughly wetted to the point of runoff. There
may be chemical damage to stem tissues, causing a
girdling effect, or the herbicide may be taken up by
roots. This method works best for stems less than 15
cm in diameter.

¢ Cut surface treatments (hack and squirt) can be
made for very selective control of woody plants. Herbi-
cide is placed in a cut in the bark for better penetration
into plant tissues.

— Frill treatments are made in a ring of overiap-
ping cuts around the base of a tree. Herbicide is then
sprayed or squirted into the cut evenly around the
tree.

— Notching is done like frill treatments, but with a
specified number of notches per centimeter of trunk
diameter.

¢ Injection is where the herbicide is injected into the tree
trunk with a specific injection tool.

¢ Stump treatment is sometimes done to prevent
regrowth of trees which sprout from their bases. Stems
are cut as close to the ground as possible and herbi-
cide is applied to the entire cut surface of the stump,
particularly the perimeter. All sprouts must be cut and
treated. Stump treatment is most effective if herbicide is
applied immediately after the tree is cut.

Weather ' .

Conditions of temperature, humidity and rainfall
may influence the uptake and translocation of herbicide
by a plant. High temperatures and dry air (low humidity)
reduce herbicide uptake. Warm temperatures and high
humidity usually result in the greatest penetration of leaf
surfaces. However, some contact herbicides (e.g. bro-
moxynil) work better in cool temperatures. Rainfall during
or immediately after foliar herbicide applications can
wash off or dilute herbicide deposits on leaves and
reduce herbicide effectiveness. Some soil-applied herbi-
cides may be watered in with rainfall, some may be
leached out or diluted by too much rainfall. Most translo-
cated herbicides do not function well if weather condi-
tions are unfavourable for plant growth. Thus, if weather
is too dry or too cold, the growth slows and the herbicide
is not moved around the plant as required.

CHEMICAL CLASSIFICATION OF
HERBICIDES

Herbicides can be divided into groups according to
their chemical characteristics. Herbicides within a group
have a similar chemical structure and often have a char-
acteristic mode of action, fate in soil or toxicity. Table 13
lists the major groups of herbicides and summarizes their
characteristics.
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Table 13. Characteristics of major chemical classes of herbicides.

A. Inorganic Compounds

Many common inorganic salts, such as table salt, are toxic to plants if applied at sufficiently high rates. Some inor-
ganic salts are commonly used as soil sterilants, including sodium chlorate and boron mixtures.

B. Organic Compounds

Aliphatics — absorbed by roots or leaves, translocated, interfere with growth processes of grasses in particular, soil
persistence is approximately 1 to 3 months, low acute mammalian toxicity, e.g., dalapon, TCA.

Bipyridyliums — directed at foliage, contact herbicides, destroy cell membranes, deactivated immediately in soil,
moderate to high mammalian toxicity, e.g., diquat, paraquat.

Benzoic acids — absorbed by leaves or roots, translocated, disrupt growth by upsetting plant hormone balance, soil
persistence is approximately 2 to 3 months, low acute mammalian toxicity, e.g., dicamba, chloramben.

Carbamates — absorbed by roots or leaves, translocated, inhibit cell division or photosynthesis, soil persnstence
generally less than one month, low mammalian toxicity, e.g., asulam, barban, chlorpropham.

Phenoxys — absorbed by roots or foliage, translocated, disrupt growth by upsetting plant hormone balance, soil
persistence generally less than one month, acute mammalian toxicity varies from low to high, e.g., 2,4-D, dichlorprop,
mecoprop, MCPA.

Thiocarbamates — absorbed by germinating shoots of grass seedlings, translocated, alter distribution of plant hor-
mones and inhibit cell division, soil persistence is approximately one to eight weeks, low mammalian toxicity, e.g.,
butylate, EPTC, triallate, vernolate.

Triazines — absorbed by roots or leaves, translocated to leaves, interfere with photosynthesis, variable soil persist-
ence from a few weeks to one year, low to moderate mammalian toxicity, e.g., atrazine, metribuzin, prometryne,
simazine, terbutryn. , *

Uracils — absorbed by roots, translocated, inhibit photosynthesis, soil persistence can be six months to several years
for sensitive plants, low mammalian toxicity, e.g., bromacil, terbacil.

Ureas — absorbed by roots, translocated, inhibit photosynthesis, soil persistence varies from a few months to over a
year, low mammalian toxicity, e.g., diuron, linuron, chloroxuron, tebuthiuron, chiorbromuron.

HERBICIDE SPRAY AND VAPOUR coarse sprays are 400 to 1,000 microns in size. Coarse
DRIFT sprays require considerable wind before there is signifi-
cant drift.

Spray drift may increase under atmospheric condi-
tions known as a temperature inversion. In these con-
ditions, cool air is trapped under a layer of warm air and
smoke or dust and other particles are trapped in the
lower air mass. Gentle breezes come from variable
directions. Fine spray droplets can remain suspended in
the cool air mass for long periods and can drift with
slight air movement for a considerable distance. This
condition is more likely to accur in the early moming or
late afternoon. Pesticides should be applied with
extreme caution under such conditions.

Drift of herbicide vapours results when a herbicide
vapourizes to produce fumes which may be carried long

Herbicide drift is the movement of herbicide spray
or vapour through the air to areas away from the target.
Herbicide drift presents a hazard to sensitive vegetation,
wildlife, people, livestock and aquatic organisms adja-
cent to treated areas.

Drift of herbicide spray depends on several condi-
tions:

e size of spray droplets,

e height of spray release,

o type of spray (e.g., oil or water), and

¢ atmospheric conditions (air movement).

When a spray fluid leaves a spray nozzle, the size distances downwind. The tendency of a liquid to vapour-
of the droplets will be governed by the size of the nozzle ize (volatility) is dependent on the nature of the chemical
opening, the spray pressure and surface tension of the and the temperature. Higher temperatures increase her-
fluid. Fine nozzle openings and high pressures produce bicide volatility. Volatile herbicides include some phen-
fine sprays. In a fine spray, most droplets are between oxy, dinitro and thiocarbamate compounds. Although
100 to 250 microns (0.1 to 0.25 mm) in size. Droplets only a small amount of herbicide drift may occur as a
smaller than 150 microns present a relatively high drift vapour, sensitive plants can be damaged near a treated
hazard even under low wind conditions. Most droplets in area.
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Many problems from herbicide drift have resuited

from the phenoxy herbicides. Some commonly used for-

mulations of 2,4-D are volatile. The amine and acid for-
mulations of 2,4-D have the lowest volatility and the
2,4-D esters have higher volatility. Proaducts with very

high volatility can no longer be sold in Canada. Crops or
ornamentals susceptible to damage from 2,4-D vapours

include the following:

grapes red clover
tomatoes alfalfa (young)
cucumbers crimson clover
beans tree fruits
lentils roses

peppers hydrangeas

peas and vetches  deodar cedar

In order to minimize the drift of herbicide from spray
or vapours, the following conditions should be observed:

¢ the wind velocity should not be in excess of 8 knvh,

 temperatires should be as cool as possible,

e avoid spraying during temperature inversions,

¢ always use the lowest application rate that will do the
job,

. {Jse low pressures: 300 kPa or less,

e use larger orifices which apply a minimum of
225 L/ha,

e use a slow spraying speed for motorized applicator
units,

¢ release spray as close to the target area or plants as
possible,

¢ select low-volatile formulations, and

¢ use nozzle spray shields where possible.

PUBLICATIONS ON HERBICIDES
AND WEED CONTROL
RECOMMENDATIONS

Anon. 1982. Weed Conlro! Manual — An introduction. Ministry

of Agriculture and Feod. Kamloaps, B.C. 22 pp. (Much of
the information in this manual was incorporated in the Min-
istry of Environment Handbook).

Anon. 1985. Field Crop Facts — Weed Control Series. Agdex

640. Ministry of Agriculture and Food. Victoria, B.C. (Each
pamphlet covers a different problem weed including the
following: Canada thistle, cleavers, common burdock, dif-
fuse knapweed, field bindweed, leafy spurge, lens-podded
hoary cress, narrow-leaved hawk'’s beard, night-flowering
catchfly, nodding thistle, ox-eye daisy, perennial sow this-
tle, scentless chamomile, toadflax, western water hemlock,
wild oats.)

Cranston, R. 1980. Knapweed — Its Cause and Effect in British

Columbia. Ministry of Agriculture and Food. Victoria, B.C.
10 pp.

Ministry of Agriculture and Fisheries. Crop Production Guides

for Field Crops, Berries, Grapes, Nursery, Tree Fruit and
Vegetables (updated yearly).

Pasic, B. et al. 1984. Weed Control Study Manual, Washington

State University Cooperative Extension. Pullman, Wash-
ington. 43pp.

Weed Science Society of America. 1983. Herbicide Handbook.

Fifth Edition. Weed Science Society of America. Cham-
paign, lllinois. 515 pp.

REFERENCE LIST OF
HERBICIDES AND THEIR

. PROPERTIES

The following reference list includes a description
of most herbicides used in British Columbia when this
text was published. Herbicides are listed alphabetically
by active ingredient with some examples of trade

names. No endorsement of products is implied. Informa-

tion contained in these lists could become out-of-date
and may not represent current recommendations. The
current registered label is the authority on a pesti-
cide’s registered uses, application methods and
safety precautions.

The relative acute mammalian toxicity is given for
each active ingredient listed. LD, values (mg/kg body
weight) are listed where available and are derived from

tests with rats uniess indicated otherwise (Rb = rabbit).

The lowest LDy, is listed for each herbicide where sev-
eral are given in the literature reviewed.

allidochlor (Randox, CDAA) — is an acetamide compound )

used as a selective herbicide for weed control in onions. It
is absorbed through plant roots. Persistence in soil ranges
from three to six weeks. Heavy rains may cause leaching.
Allidochlor has a low acute mammalian toxicity (LDy,: oral
= 700) but vapours should be avoided because of strong
irritation to skin and eyes. Allidochlor is no longer regis-
tered for use because the manufacturer has ceased pro-
duction. Existing stocks can be used up. ‘

amitrole (Allizol, Amizol, Amitrol-T) — a non-selective, triazole

compound particularly useful for controlling many peren-
nial weeds such as quackgrass, horsetail, poison-ivy, milk-
weed, Canada thistle and cattails on non-crop land. it is a
systemic herbicide readily absorbed by roots and foliage
and translocates to growing tips during active growth. It
affects plants by upsetting the formation of chlorophyll,
causing them to turn yellow or yellow-white within two
weeks. Amitrole can be used for spot treatment of some
weed problems in pasture and non-crop land. Persistence
in the soil is generally 2 to 4 weeks. Treated areas must
not be grazed for 6 months following treatment. it has a
low acute mammalian toxicity (LD, oral = 1,100).

asulam (Asulox F) — is a carbamate compound used as a

selective, translocated, postemergence-applied herbicide.
It is taken up by roots or leaves and interferes with cell
division in areas of active growth. Asulam may be tank-
mixed with other herbicides such as 2,4-DB. Asulam con-
trols many weeds in flax and alfalfa. Drift to other crops
must be avoided. Asulam also controls horsetail and
bracken fern in non-crop and forested areas. Persistence
in soil is generally less than 2 weeks. It has a low acute
mammalian toxicity (LD,,: oral = 2,000; dermal > 1,200).
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3333333 3)IIANNNIINIBINIDIIDIDINDNINIIIIIISINNNIIAINIYINIDY



I3IIIIIIIIIIIIIIIIINININIINNIINIIIIIIIDNIIDINDN DG

atrazine (Aatrex, Atra-Mix, Atrazine, Eramox 80W, Primatol A,

Vectal Atrazine) — a lranslocated triazine compound used
at low rates as a selective, prepiant, scil-incorporated,
preemergence or postemergence herbicide. At higher
rates, atrazine is a non-selective soil sterilant on drier soils
it applied preemergence or when weeds are small ( < 4
cm). Available in flowable, granular and wettable powder
formulations. Absorption is threugh root uptake, although
some foliar absorption does occur. It inhibits photosyn-
thesis. Foliar activity is enhanced by the addition of Korn
oil or recommended surfactants. Persistence of toxic
effects in soil may be for up to a year. Cucumbers, beans,
peas, grass and legume seeds, and sugar beets are very
sensitive; grains are moderately sensitive; flax, peas and
fababeans are more tolerant. Corn is very tolerant to atra-
zine. Atrazine has a low acute toxicity to mammails (LD.,:
oral = 1,780; dermal = 7,500 Rb).

barban (Carbyne, Wypout) — is a selective, postemergence-

applied carbamate compound mainly used for control of
wild oats in wheal, barley, rapeseed, flax, and several
other crops. Some suppression of wild buckwheat can be
obtained when higher rates of application are used. Besl
resulls are obtained under good growing conditions where
the wild oats are in the two-leaf stage. The chemical inhib-
its growth and reduces tillering. It persists for less than 3
weeks in most soils. Barban may not be mixed with any
other pesticides. Barban has a low acute mammalian toxic-
ity (LD,,: oral = 600; dermal > 1,600), but is a skin irritant

‘and is toxic to fish.

benazolin — is a benzoic acid compound applied as a selec-
tive, translocated, postemergence herbicide. Rcot uptake
is very slight. It is registered for control of wild mustard in
canola. Rapidly leached from soils. It has a low acute

mammalian toxicity (LD,: oral > 3,000) but is irritating to
eyes and skin and is toxic to fish. ’

bensulide (Betasan) — is a sulfonamide compound used as a

selective, preemergence herbicide. It is used for control of
many broadleaved weeds and grasses in numerous crops
and in turt. It is taken up by roots and inhibits root growth.
Bensulide persists in soil for about 4 to 6 months. It has a
low acute toxicity to mammals (LD,,: oral = 770; dermal =
3.950Rb), but is toxic to fish and aquatic organisms.

bentazon (Basagran) — is a benzothiadozole compound used

as a selective, translocated, postemergence-applied herbi-
cide. Bentazon is translocated after absorption through the
leaves and has no effect on germinating seeds. Bentazon
is more active in warm weather and a specific wetting
agent is usually recommended. Bentazon controls many
broadleaved weeds in corn, fababeans, flax and peas. It
usually persists for less than six weeks in soil. It has a low
acute toxicity to mammals (LD,,: oral = 1,100; dermal =
2,500), but it may cause skin and eye irritation.

borate, borax (sodium metaborate tetrahydrate, sodium tetra-

borate decahydrate) — are inorganic polyborate com-
pounds which are incorporated with bromacil (Hybor-D)
and sodium chlorate (monobor-chlorate) in mixtures used
as soil sterilants. Borate is taken up through plant roots
and causes tissue dessication. It is also highly toxic to
plant seedlings. In soils, borate can persist for up to one
season, except when leached in high rainfall areas. It is not
readily degraded by microorganisms. When used in a mix-
ture, borate slows the degradation of other pesticides
because of its toxicity to soil microorganisms. Borate has a
low acute toxicity to mammals (LD.,: oral > 2,000) and a
low toxicity to fish and wildlife.

bromacil (Hyvar X, Hyvar XL) — is a substituted uracil. It may

be combined with diuron (Krovar I) or 2,4-D (Calmix, Cal-
cide). It is an effective broad-spectrum sgil sterilant. The
chemical works primarily through the roots and must be
activated by moisture. Relatively low rates are required. It
is generally used on noncrop land, railways, and rights-of-
way. Bromacil usually persists in soil for less than six
months. It has a low acute mammalian toxicity (LD.,: oral
= 5,200) but may irritate skin. Il has a low toxicity to fish
and wildlife.

bromoxynil (Brominal, Pardner, Torch) — a benzonitrile com-

pound used in grain crops, seedling grasses and turf for
hardkill weeds such as buckwheats, lady’s-thumb, and
smartweeds. Bromoxynil is a contact type herbicide, there-
fore good spray coverage is essential. It inhibits photosyn-
thesis and plant respiration, thereby killing the weed. it
may be tank-mixed with Avenge, 2,4-D, Hoe-Grass,
MCPA, or Roundup. Bromoxynil is mainly formulated as an
emulsifiable concentrate. [t has a moderate acute toxicity
to mammals (LD,,: oral = 180) and may irmitate skin. It may
be toxic to fish and other wildlife.

butylate (Sutan) — a carbamate similar in use and application

to EPTC, requiring the same immediate preplant incorpo-
ration method. It provides good seedling grass contro! and
moderate broadleaved weed control in the lighter mineral
soils, low in organic matter. it generally persists for less
than three weeks in soils. It has a low acute toxicity to
mammals (LD.,: oral = 4,000); dermal > 2,000 Rb) and is
toxic to fish.

2,4-D Butyric — see phenoxybutyric acids: 2,4-DB
chloramben (Amiben, Vegiben) — a benzeic acid herbicide

which provides preplant, preemergence and postemerg-
ence control of seedling grass and broadleaved weeds. it
inhibits root development in seedlings. Chloramben can be
used for weed control in soybeans, dry common beans
(white and kidney), lima beans, asparagus, pumpkin, snap-
bean, squash, sunflowers and omamentals. Available in
liquid or granular formulations, chioramben requires good
soil moisture for best results, but it will leach in heavy
rains. Chloramben generally persists for less than 6 to 8
weeks in soil. t has a low acute mammalian toxicity (LD,
oral = 3,500; dermal = 3,200) and low toxicity to fish.

chloroxuron (Tenoran) — is a substituted urea used as a

selective, preemergence and postemergence herbicide to
control many seedling grasses and broadleaved weeds. It
is used mainly in strawberries and omamentals (nurseries,
shelter belts). Chloroxuron is absorbed primarily through
the seediing roots and, therefore, requires good soil mois-
ture. It is translocated and inhibits respiration. it resists
leaching but persists in the soil for less than six months.
Chioroxuron is non-corrosive and nonflammable. It has a
low acute toxicity to mammals (LD,,: oral = 3,000; dermal
> 10,000).

chlorpropham (CIPC, Chloro IPC) — is a carbamate material

formulated as an emulsifiable concentrate, wettable pow-
der, or granule. It is used in many craps, including onions,
gladioli, and omamentals for broadleaf and grass weed
control. Also see growth regulators. It is very effective on
seedling grasses and chickweed, but requires good soil
moisture, otherwise it is rapidiy lost from the soil surface. It
is most effective when applied preemergence or early post-
emergence to weeds. It is absorbed through seedling
shoots, or leaves or roots of older plants. It inhibits cell

~
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division. It generally persists in soil for less than 2t0 3
months. Chlorpropham has a low acute mammalian toxic-
ity (LDso: oral = 3,8C0).

chlorsutfuron (Glean) — is a selective, postemergence-applied

herbicide for control of many annual broadleaved weeds in
spring and duram wheat, oats, and barley. Successful
control of Canada thistle can be achieved with chlorsulfu-
ron in these crops. Very low rates of application are used
with this product. Chiorsulfuron is a contact herbicide with
residual activity. it is a rapid inhibitor of cell growth in the
growing tips of roots and shoots of sensitive plants. Differ-
ences in plant metabofism is the basis of selectivity for
chiorsulfuron. It adsorbs pooriy to clay and a little to
organic matter in the soil. Rate of leaching is related to
the movement of soil moisture and to pH. Less leaching
occurs if the pH is lower than 6. Chlorsulfuron should not
be used on sandy soils, soils with less than 0.5% organic
matter or soils with pH over 7.0. Small quantities of chior-
sulfuron can remain in soil and injure crops other than
wheat and barley for up to three years or mare after an
application. Soil from fields treated with chtorsutfuron
should not be moved to other areas. It has a low acute
toxicity to mammals (LD, oral = 5,500).

chlorthal (Dacthal) — is a phthalic acid used as a selective,

preemergence herbicide. Formulated as a wettable pow-
der, it provides control of certain annual grasses and
broadleaved weeds on mineral soils, and kills by acting on
germinating seeds. A stable compound, it requires warmth
and good soil moisture. It is not effective on rich organic
or muck sails. Tolerant crops include vegetable crops,
strawberries, agronomic crops, some nursery stock, flow-
ers, and turf. Generally less than one half the herbicide
applied remains in the soil 100 days after treatment. It has
a low acute mammalian toxicity (LD.,: oral 3,000; dermal
> 10,000), but may be irritating to the eyes.

clopyralid (Lontrel) — is a translocated, selective, postemerg-

ence herbitide for control of Canada thistle, scentless
chamomile, wild buckwheat and top growth of perennial
saw thistle in Polish and Argentine varieties of

(including canola). For fields treated with clopyralid the
previous year, wheat, oats, barley, rye, flax, or rapeseed
can be seeded or the field summer fallowed. Do not seed
to crops other than those listed above, the year following
treatment. Phytotoxic levels of clopyralid may remain in
soils for over one year. Clopyralid has a low acute mam-
malian toxicity (LDs: oral 5,000; dermal > 2,000 Rb).

cyanazine (Bladex) — is a triazine compound used as a selec-

tive preemergence herbicide for control of annual grasses
and broadleaved weeds in corn. Cyanazine is absorbed by
leaves and roots and translocated. It inhibits photosyn-
thesis. Cyanazine has a short persistence; less than half
the herbicide applied remains in the soil two weeks after
treatment. Do not use on peat or muck soils, or on sandy
soils which cantain less than 1% organic matter. It has a
moderate acute toxicity to mammais (LD,,: oral = 150;

dermal > 2,000 Rb).

cycloate (Ro-Neet) — is a thiocarbamaite compound effective

as a selective soil incorporated herbicide for control of
seedling grasses and some broadleaved weeds in spin-
ach, sugar beets and table beets. It should be applied to
moist, but not wet, scil. Irrigation is required in dry soils.
Cycloate is taken up by the roots and inhibits growth. Use
on mineral soils only and incorporate immediately after
application as it is volatile. Not compatible with other pesti-

cides. Generally less than ane-half the herbicide applied
remains in the soil 4 to 6 weeks after treatment. Cycloate
has a low acute mammalian toxicity (LD,,: oral = 3 200;
dermal > 4,600 Rb).

2,4-D — see phenoxyacetic compounds
dalapon (Basfapon, Dowpon) — is an aliphatic acid similar to

TCA. Dalapon is formulated as a sodium salt, which is
readily soluble in water. It is primarily a grass killer,
absorbed through foliage and also through roots. At high
rates it is non-selective, at low rates it removes grassy
weeds from tolerant crops. Repeated low doses are more
effective than a single heavy dose. It is used for quack
grass control in British Columbia coastal regions. The land
is th