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ABSTRACT 

The human health risk associated with exposure ta 

pesticide formulations appl ied to New Brunsw i ck forC'~;t.~ \Vd'; 

examined for 31 sites of cancer, using measures of CXPO!;U rt' 

based on the proximity of non-city population conters to 

spray areas. 

Two organochlor ine and two organophosphù t C' PXpO~;lI t C' 

indices were developed by using maps of areélS spr,lycd (',1('1\ 

year during the period 1952 to 1976. These d,ltrl WC'I"C' 

analyzed in relation ta cancer incidence rates dur 1 nq the' 

period 1977-1980 for 254 New Brunswick municIPill it i('~~. 

Follow-up case-control studies of the CLlncer ~j l tc'!. 

considered does not seem to be a matter of hlqh pl"IOrity ,!t 

present. However, continued survc ill a nec anù d,) tcl .) n,]] y:; i·. 

involving more recent data is needccl, P,Ht ieu l ,îr 1 y i Il thr' 

case of organophosphate formulations, duc tu the r"C'ldt iVl>ly 

short interval between exposure and outcomc ascC'rti1 i nme·nt 

for this exposure. 



RESUME 

Le risque pour la santé humaine associe al' exposi tion 

a des formules de pesticides repandus dans les forêts du 

Nouveau-Brunswick a eté examiné pour 31 cancers différents, 

ccci en ut i lisant des mesures d ' exposition developpées selon 

la proximi te des populations rurales aux zones aspergées. 

Quatres indices dl exposition ont eté developpes en 

utilisant les cartes des regions aspergées de 1952 a 1976, 

deux i nd] ces Llyan tete developpes pour les organochlores et 

deux autres pour les organ'Jphospha tes. Les donnees 

recueillIes ont ete analysees en fonction des taux 

d' i ne idcnce de cancer de 254 municipalltes du Nouveau­

Brunswick etablis pour la periode de 1977 a 1980. 

Les etudes casjtemoins des cancers etudies ne semblent 

p<lS être une yrande pr l or l te presen cement. Tou tefo is, une 

sllrve i llance cont inue a insi que l'analyse de donnees pl us 

recentes sont necessaires, particul ierement en ce qui 

concerne les formules organophosphates compte tenu de 

l'intervalle relativement court entre le moment de 

l'exposition et de la détermination objective de son 

l"osul tê1t. 
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CHAPrER l 

INTRODUCTION 

The long-term health effects of pesticides sprilyed on 

forests in New Brunswick have never been studied adequ~tely. 

To do so requires: a) the assembly, validation, and link~qe 

of many disparate pieces of information from the fields 01 

biology, physics, toxicology, and epidemiology, b) the 

development of measures of both exposure a nd ou tcome, ,1 nd c) 

an appropriate statistical method of anolysis. 

This study contributes ta the understandinq of 

pesticide effects on human cancer risks throuqh its 

development of appropr iate exposure ind ices i1nù the i r u!.e t 0 

estimate cancer risk. The results should contrlbute 

construct ively to the ongoing debate surrounùi nq the h,lZd rd 

to health posed by the New Brunswick spruce budworm spray 

programme. 

The spray programme is complex, in part due to the milny 

changes over time in the substances used and the mcthod of 

appl ication. These changes have had a SubStéll1t i éll i mpdct on 

the degree of population exposure. 'The e f fects 0 f tt1C'~,C 

technological changes, compounded by increasing hCillth 

concerns, have played an important role in shaping the 

history of the spray programme. 

Chapter II begins with a brief history of sprucc 

budworm spraying in New Brunswick. 'This is followcd by 

summary information on the environmental impact of ~,pray i nq 1 



sorne toxicological information about the nature of the 

substances sprayed, models used in the past for the 

estimation of exposure, and a review of the epidemiologic 

literature on pesticide exposure and cancer risk. Detailed 

information regarding cancer site-specifie risk estimates 

are provided and forro the basis for selecting additional 

sites for analysis that are incompatible with the global 

site classification in the main body of analysis. The 

results of these analyses also provide a basis for 

comparisons with other studies. More detailed information 

on aIl of these topics, excepting epidemiology, is located 

in Appendix I. 

Chapter III contains information on the sources, 

quality, and means of linkage of exposure and cancer 

incidence data. This includes the definitions and 

rclationships among the different geographical units used in 

this study. The choice and definition of potential 

confounders follows, and includes a brief review of the 

literature for each to determine the nature of their 

expected behaviour with respect to cancer risk. The roethods 

employcd in the dcvelopment of separate near and medium­

distance cxposure indjces for organochlorine and 

organophosphate pesticide spray formulations are then 

describcd and discussed. Outcome measure development is 

thon presented to explain how the data received from the 

tumour registry were examined and prepared for analysis. 

This is followed, finally, by a description of the methods 
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of data analysis and the statistical techniques employed to 

generate risk estimates. 

The data analysis section of Chapter III contains a 

discussion of the results of preliminary and exploratory 

work in which questions regarding the effectiveness of ~go 

standardization and the possibiJity of the inter~ction of 

exposure wi th age and other covariates are cons idercd a 1 ong 

with the appropriateness of the multiplicative model of 

causality in the assessment of cancer risks reldtcd ta 

pesticide exposure. 

Findings are presented in Chapter IV, which b(\'Jin~; with 

sorne general descriptive information on the New Brum:;wick 

population and univariate descriptions of each of the 

exposure covariates examined in the study. Next, 

relationships among covariates are examined ln the form of d 

series of bivariate distributions. A detailcd dCGcription 

of population exposure to spray is provided and cxtendcd tu 

the association of spray exposure with each of the study 

covariates. This is followed by the treatment of the tumour 

registry data and traces the construction of site groupinq:; 

from the receipt of data tapes to the point of analysiG. 

The distributions of standardized incidence rilti os for cdch 

study variable are then examined as background prior to the 

Poisson regression used in the multivariate stage of the 

analysis. The main body of the analysis concludes with the 

fitting of multivariable regression models. 



In the main analysis aIl tumours diagnosed as rnalignant 

were analysed using a global grouping of cancer sites. As 

the final stage of analysis, specifie sites identified in 

the literature as being associated with pesticide exposure 

were examined separately along with a subset of other site 

groupings in which only microscopically confirrned cases were 

analysed. The site groupings involving only microscopically 

confirmed cases were chosen on the basis of the large 

proportion of non-microscopically confirmed cases within 

these groups and were analysed in this fashion to assure 

that the presence of potentially erroneously classified 

cases did not attenuate risk estimates. 

The results of this study, their relationship to other 

studies, their interpretation, and conclusions are contained 

in Chapter V. 
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CHAPTER II 

ENVIRONMENTAL, TOXICOLOGICAL, AND EPIDEMIOLOGICAL 
CONSIDERATIONS 

I. ENVIRONMENTAL AND TOXICOLOGICAL CONSIDERA'l'IONS 

A. Introduction 

Awareness of the potential heal th effects of pesticide!; 

began to materialize in New Brunswick in the middle GO 's <l~; 

Rachel Carson's Silent Spring focussed scicntific i:1nd publ il' 

attention on the hazards of pesticide use lC.1r~;(Jn,If)()7 J. 

Publ ic concern over pesticide exposure in New I3runsw j ck W,l:; 

further stimulated by an extensive annual forestry spr~y 

programme that had been initiated in 1952 as a Joint vcnture 

of four large forestry companies. It had expandcd enor-

mously by the early 70's and spraying close to hCdvily 

populated areas in the south had i ntens i [ i cd pub lie Il nx j(·t y . 

In 1974, a team of medical investigators ln tlOVd ~;cot id 

linked the use of certain insecticide formulations uscd in 

the spray programme with the occurrence of pathophysio-

logical changes in mice that were similar to thosc of Heye'!; 

Syndrome in children [Crocker et al.,1974]. Reyc's Syndrome 

is a rare but frequently fatal childhood condition. 

these investigators had aiso linked the gcographlcal 

distribution of cases of Reye' s Syndrome to areas of fore~;t 

sprayed with pesticides [Bagnell et al.,1978]. The 

epidemiological data were imprecise but seemed to indicate 



an excess number of cases of Reye's Syndrome in New 

Brunswick compared to Nova scotia; a province that did not 

spray its forests. Subsequent and more rigorous laboratory 

and epidemiological research failed to corroborate these 

findings [Spitzer et al.,1982;Spitzer et al.,1984]. 

In October of 1982 the New Brunswick Task Force on the 

Environment and Cancer convened, at the request of the New 

Brunswick Minister of Health, to evaluate the possible 

effects of forestry sprays on the occurrence of cancer in 

that province. The epidemiology sub-committee of the Task 

Force carried out preliminary cross-sectional analyses 

wjthin New Brunswick (N=15 geographical units) and between 

New Brunswick and the adjacent non-forestry sprayed province 

of Nova Scotia. Cancers at 10 anatomical sites were 

idenLified as requiring further investigation. 

Because of the complex nature of the environmental 

exposures involved (19 different chemicals over the period 

1952-1983) and the relatively low precision in associating 

the pattern of spray activity with the population distri­

bution within the province, the Task Force recommended 

provincial support for the development of a computerized 

exposure data base to be used in a more detailed analysis 

employing smaller and more homogeneous geographical units. 

Those sites that remained associated with exposure to spray 

after analysis usin1 the new data base would be proposed for 

further examination by case-control studies. 
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The importance of developing and maintaininq indices of 

population exposure to environmental substances is cle~rly 

expressed by U. Saffiotti, a former director al the NeI 

Carcinogenesis Programme: 

"If environmental chemicals continue to be used, 
because society deems them to be useful, it would nt 
least be important to know the pattern nnd extent ta 
which the population is exposed, in order to make 
selective preventive measures easier and to proville ,) 
basis for future monitoring and epidemioloqic studic~;." 
[Saffiotti, 1977] 

B. Environmental Considerations 

During the first 5 years of the programme, umall Glow-

flying aircraft that were used for the aeri~l ~ppl icntlon 01 

pesticides on agricultural crops were also used ta spray New 

Brunswick forests. These planes used boom and nozz 1 c spr<ly 

equipment and flew close to the tree tops at speed[; of ,lbout 

150 kilometers per hour. Although no information l!~ 

available on the teehnical aspects of the procJrdmme i t l!; 

probably safe to assume that the droplet spectrum was very 

eoarse by current standards. As a resuJt of thjs coùrsenes~ 

the off-target drift was probably smail. 

Recent, intensive research into off-target spray drjft 

has demonstrated that aireraft height above the crlnopy, 

speed, and droplet median diameters at point ot releduc rlrc 

important factors associated with off-target drift. 

Two separate spray time periods are differentiated and 

used in this study. The DDT period extended from the 



inception of the spray programme in 1952 until DDT use was 

discontinued in 1969. The organophosphate period began on a 

small scale in 1963, and fenitrothion, the most common 

pesticide in this period, was in large scale use by 1969. 

There are two important differences between the spray 

periods. Firstly, DDT was applied at relatively high 

volumes in an oil solution while fenitrothion and other 

organophosphate pesticides were applied at low volumes in 

ùgueous solutions. Secondly, the decrease in application 

rates per hectare was primarily attributable to the large­

scale Implementation of ultra-low-volume spray technology 

and appllcs predominantly to the organophosphate period. 

The mobility, persistence, accumulation, and biological 

concentration of chemicals, their isomers and degradation 

products within the environment, are important features of 

ùll 0nvironmcntal impact assessments. Fairly extensive 

information is available for the organophosphate and 

c~rb~mate pesticides used in the New Brunswick forestry 

spray programme, but little is generally known about the 

activity of their isomers or degradation products, and even 

less is known about the many substances used in their 

formulation (See Appendix 1). Despite this the 

organophosphate and carbamate pesticides are generally 

viewed as non-persistent. 

An important feature of the budworm spray programme is 

the large number of different substances and mixtures used 

over the years. These compounds are classified into general 

8 



groupings that reflect the formulations that were actually 

applied in time and spa ce including the association of 

various classes of adjuvants with particular types of 

pesticides. The classification of formulations is: 

a) organochlorine; 

b) organophosphate; 

c) carbamate. 

c. Toxicological Considerations 

Exposure to chemical compounds contained in aerially 

applied pesticide formulations can occur by absorption from 

the skin or respiratory system or through oral ingestion. 

Spray exposure is in the form of both aerosol droplet~ (lnc! 

vapor. Although estimates vary [NRCC 18979,1982,pq.74;WIIO, 

1979,pg.200], aerosol droplets less than 5 microns are known 

to penetrate deeply into the lung and are deposited in the 

bronchioles and alveoli. Droplets between 5 and 10 microns 

are deposited in the upper airways where, depending on their 

solubility, they are either absorbed or swept into the 

pharynx to be swallowed or expectorated. Aerosol droplet~ 

ranging in size from 10 to 50 microns are most likely to be 

deposited in the nasal passages and eventually add to oral 

exposure. 

Two approaches to the estimation of aerosol pesticide 

exposure have been USI _1 wi thin the context of the llevl 

Brunswick spray programme. The first is commonly referred 

to as the "worst-case scenario" approach in which it is 

9 



assumed that 100% of the mass released from the aircraft is 

available for exposure. The second approach to exposure 

estimation uses computer simulation techniques to model the 

behavior of aerosol drop lets in the environment after their 

release from spray nozzles. Table 2.1 contains worst-case 

estimates of exposure at the spray line for DDT, fenitro­

thion, and aminocarb and computer model estimates of 

exposure at the spray line for aminocarb. 

The computer model provides lower estimates for aIl 

routes, and in particular for inhalation and oral routes, 

despite the fact that the worst-case scenario estimates were 

modified to reflect that only 75% of the spray mass is 

contained within a droplet spectrum likely to adhere to the 

relevant body tissue. The computer model uses a series of 

algorithms to caiculate the time-integrated changes as the 

droplets evaporate while the worst-case scenario does not 

t~ke into consideration the effects of evaporation on the 

droplet spectrum. It has been shown that a 150 micron 

diameter droplet containing 70% #2 fuel oil and 20% aromatic 

co-soivent decreases to 50% of its size in approximately 6 

minutes [NRCC 16073,1977,pg.176]. 

Dermal exposure differs between models to a much lesser 

dcgree because it i8 much more affected by larger droplets 

whose velocities are less dramatically altered by the 

process of evaporation. The worst-case sC0nario and the 

computer model also diffcr slightly with respect to the 

~rnount of exposed skin used in their calculations. This 

10 



Table 2.1 Franklin Worst-case Scenario and Crabbe Computer Mcxiel 
Estimates of 1 Hour, Unshel teroo, Spray Line Aerosol 
Exposure ta DDr, Fenitrothion, Aminocarb (1) 

Il 

----------------------_._---------------

Spray Line Aerosol Exposure (micro gr. /kq. Ib\\'. ) 

DOl' 
Worst-case 

Route of 
Exposure 

Dennal (2) 188.00 

Inhalation (3) NA 

Oral NA 

Total 188.00 

Fenitrothion 
Worst-case 

67.56 

0.87 

12.18 

80.61 

Arnincx::.:."1rb Arninc:x:..nt) 
Worst-case Computer 

22.50 6.'1!l 

0.29 o.oonC)} 

4.06 0.013 H) 

26.85 G.()!).;> l 

(1) aIl calculations based on fjgures from NRCC 18979,]c)82,p'J.78 
(2) assUInGS 75% of spray mass available rather than the lcss rC'.<ll i ~;t i c 

100% used in the Franklin worst-case scenario 
(3) aerosol exposure only (does not include vapeur) 

NA not available 



difference way account for a small part of the disagreement. 

The worst-case scenario uses 3000 square centimeters [NRCC 

18979,1982,pg.73] while the computer model uses 3400 square 

centimeters [NRCC 18979,1982,pg.207]. Absorption of 

substances deposited on the skin is through passive 

diffusion and is affected by mechanisms in the lipid and 

protein structure of the skin. The physical properties of 

chemical compounds in addition ta factors such as age, sex, 

amount of body fat and region of the body exposed play 

important roles ln determining the actual degree of 

absorption. 

Absorption of aerosols entering the body through the 

oral route has been assumed to be 100% [NRCC 18979,1982, 

pg. 80] . This assumption should be qualified in the case of 

DDT and perhaps other pesticides by considering the nature 

of the sol vent in wh ich the substance is dissolved. DDT is 

less toxic when dissolved in petroleum products than when 

dissolved in either animal or vegetable oils [WHO,1979, 

pg. 117] . This may be due to a laxative effect of the 

petroleum oil and might therefore also apply to other 

pesticides dissolved in oil. 

Data collected in the field confirm th ..... the 

concentration of aerosol in the atmosphere fclJ.ows a log 

normal distribution up to 7.5 kilometers as predicted by the 

computer mudel [Crabbe et al., LTR-UA-52 , 1980, pg. i i]. These 

results are also consistent with what is already known about 

12 



the distribution of aerosol masses in general [Brain et 

al., 1974,pg.2]. 

Under calm spraying conditions it was found that 

approximately 16% of the pesticide mass of the sprily 

formulation dri fts beyond 7.5 kilometers while 6% dr i fts 

beyond this point under more turbulent conditions [Crabbe ct 

al.,LTR-UA-56,1980,pg.28]. Turbulence acts to drive a 

larger percentage of the smaller droplets into the forcst 

canopy thus preventing their off-target drift. 

Dropl ets that dr if t beyond 7. 5 kil ometers wC're rounù to 

range below JO microns and ar~ therefore likcly ta ùrift lor 

an indefin i te per iod of time before bd ng rC'movecl 1 rom the 

atmosphere. Additional sampling at 22 kilometers tram the 

spray line suggests that droplets become mono-d isperscd at 

around 5 microns in size [Crabbe et al., L'l'H-UA-52, 1980, 

pg.23]. In view of the fact that spraying hi:ls historic<llly 

taken place during periods of relative cùlm, the 16'%; vaJlw 

is th.:! most meaningful for the purposes of this stuùy. 

Nei ther the worst-case scenario nor the computer moùe 1 

estimates produced 50 far include vapor exposure. Data 

collected in the field could be found only for fcni trothi on; 

these are contained in Table 2.2. This table i s ba~;cd on 

data collected following a morning spray. sprayinq ti-Jy.c~ 

place both in the morning and in the eveni ng to tclY.C 

advantage of the calm created by tempera turc i nvers ions 

during these periods. Although not discussed in the 

li terature, a similar pattern probably exists for cvcnj ng 

\J 
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'l'able 2.2 Sub-Canopy Fenitrothion Vapor Inhalation Exposure (1) 

Vapor Exposure (micro gr. jkgjbw. ) 

Distance (meters) (2) 

Spray Line - 200 300 500 700 1000 (3) 

Period After Spray 
(hours) 

o - 1 .448 .307 .245 .205 .150 

1 - 3 5.368 3.081 2.444 2.195 1. 788 

3 - 6 21.476 12.713 10.701 9.129 8.946 

6 - 10 53.690 30.826 24.452 21.932 17.904 

'l'otal for 10 
Ilour Work Oùy 80.982 46.927 37.802 33.501 28.788 

(1) b.."'lsed on inhalation rate of 29 litres per minute [NRCC 18979,1982,p;;.74] 
for a 70 Kg person using rneasured sub-canopy fe .. ~i trothion vapour 
[LTR-UA-56,1980,pg.25.] 

(2) weights were applied to figures at each distance to adjust the 
data to reflect values expected from operational rnulti -swath 
sprélying (20 swaths). original test results are based on 1 swath only. 
[L'I'R-UA-56, 1980, pg. 27] 

(3) extrélpolated by Crabbe et al. based on test data [LTR-UA-56,1980,pg.25] 



spray, except for an initial lag of several hours. Other 

important features of this table include the fact that 

exposure was standardized ta a 70 kg. person brcathing dt d 

rate of 29 litres per minute. This figure appcars high whcn 

compared with amounts reported elsewhere but may accurately 

reflect exercise rates in exposed persons, and WdS uscd to 

retain consistency with what has been reported for acrosol 

inhalation in bath exposure model estimates for aminocarL. 

Clinical investigators associated with the Ncwfoundland 

Medical Association used 20 liters in their estimatcs 

[NMAC,1979,pg.31] and Crabbe et al. used G litcrs on one 

occasion [Crabbe et al.,LTR-UA-56,1980,pg.i) anù 10 litres 

on another [Crabbe et al. ,LTR-UA-65,1983,pg.i]. Finéllly tl1C' 

Task Group of the International Commission on Radiological 

Protection used 21.75 litres per minute in their report 

[Brain et al., 1974,pg.8]. The data in 'l'cible 2.2 show clcar 

trends. Vapor exposure decreases with distance and 

increases over time as ambient tempe ra turcs in the 

environment rise. 

Very little DDT vapar is expected following sprdylng 

based on calculations using a formula for estimating vdpor 

exposure reported in a National Research counci l of Crlnddd 

publication on the effects of aminocarb in the environment 

[NRCC 18979,1982,pg.76]. 

A more detailed coverage of the environmental and 

toxicological aspects of the New Brunswick Forestry Spray 

Programme is contained in Appendix I. 



II. EPIDEMIOLOGICAL CONSIDERATIONS 

A. Introduction 

This study examined the full spectrum of cancer in 

relation to spruce budworm spraying within New Brunswick. A 

classification of sites of cancer was therefore needed to 

ensure an exhaustive and uniforrn coverage. Given the lirnits 

to the investigation imposed by the finite number of cases 

available for analysls, it was not feasible to examine aIl 

sites separately. The use of two different versions of the 

International Classification of Diseases (versions 8 and 9) 

during the period of ascertainment also required the 

grouping of certain topographical sites to ensure consis-

tcncy and comparability. Furthermore, sorne cancers, such as 

sarcomùs, lymphamas, and leukemias, can arise in different 

topographical sites though they may have the same causes. A 

mcthod of classification that used both topographie and 

morphologie information was therefore developed for use in 

the ma j n body of the analysis. 

Other studies investigating cancer/pesticide associa­

tions have used different site groupings. The epidemiologic 

literature dealing with cancer and pesticide exposure was 

reviewed to establish a context for this study and identify 

sites or site graupings with elevated risk estimates for 

which estimates would be unavailable within the site 

glouping used for this study. 

16 
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B. The Epidemiological Literature 

Table 2.3 lists the 40 articles chosen from the 

literature and used as the source of relative risk estimatcs 

for cancer/pesticide associations. The periods o[ 

observation range between 1935 and 1986, and while the 

majority are from the united states, populations [rom milny 

other countries are also represented. sixteen of the 

studies used incidence data and 60% used mortali ty data. 

This table also serves as the reference key for aIl 

subsequent tables and citations in this section. 

Two hundred and eighty eight relative r isk estimatcs 

were obtained from the 40 articles in Tab1 e 2.3 and 

characterized in tenns of such information as the site, 

exposure, population studied (male, female, or both), number 

of cases for each site, and confidence intervals. AlI si tes 

were classified using a standard format supplicd by D. Wiglc 

of the Laboratory Centre for Disease Control, BeaI th and 

Welfare Canada (Appendix II). 

Table 2.4 lists the resul ts of the studies rev iewed in 

terms of negative, null, or positive relative risk estima tes 

cross-classified by site and population studied (male, 

fernale, or both). studies wjth relative risk point 

estimates of 0.95 - 1.05 were classif iecl as nul!; those less 

than 0.95 were classified as negative; those greatcr than 

1.05 as positive. A few studies only reported the direction 



Jable 2.3 Ll~t of Cancer/Pe~tlclde ArtIcles Revlewed 

Reference 

1. [A 1 i1vnnJa et al., 19871 

i'. [Au'.tln ct al.,1987] 

3 [Axe l ... on ct al., 1980] 

4 [llarthel,1981J 

5 [Blalretal.,19831 

6 [Blair et 01.,19791 

7 [Blair et ùl.,1980J 

8 [(lr Inton ct al., 1981.J 

9. [Or mm'>on et al., 1988) 

la [Bur !IIcI~tcr et al.,19133] 

11 [Hur ITIcl'.lrr ct al ,19132] 

17 [C,.ntor PI dl., 19801 

H [[dntor ct nl.,19821 

11. [Df'llcll ct al., 1985) 

1'i [Irlk ... .,onct al.,19811 

16 [fa'ill etnl.,19681 

17 [Ga 1 1 ayhcr et nl., 191341 

HI [Gnld ct dl ,19791 

19 [Gold ... 1111 th ct nI. ,19171 

'>0 [H,1f d .. ll, 1981] 

.'1 IHe dl n ct al., 1984] 

n [11 llI't pt al., 19871 

7~ IMc 1,Iuyhlin ct al.,19tl8] 

'>4 [Ml1h,,/O,1911J 

7; [M" gnn ct al., 1980] 

26 [Mu'. 1 rro et al. 19821 

?7 [Not kola et ill. ,1987] 

21\ [Ol.,on et al. ,19871 

29 IPc,)/ rc ct al., 1986] 

30 [rcarrc et al., 1985] 

31 [PI 1 (' ... 1 CI et ilt., 19741 

~? [Schulrklcher, 1985] 

B [q <'lIb'](Jl'l1 et al., 1983) 

31. [Jhl~l1')'" ct al., 1986] 

~; IIJ.,ng ct al ,1979(b)] 

~!l [IJdng et ill ,1979(a)] 

31 [IJlcldund ct al., 19881 

311 [IJllll dl1t, ct ill. f 19771 

~9 IIJl'ng ct ùl ,19841 

40. Il,lgl,ml.,kl et al.,1986] 

NA 1ll1t ilvilllnble 

Place 

Sweden 

USA 

Sweden 

German Democrat 1 c Republl C 

F lorlda 

Nebraska 

USA 

North Carollna!V1 rginla 

Missouri 

Iowa 

Caldorni a 

USA 

Wisconsin 

North Carol Ina 

Sweden 

USA 

Canada 

Bal tl1l1Ore 

CalI forni a 

Sweden 

Michigan 

Bal tl1l1Ore 

Sweden 

Oregon, l.Jashlngton 

USA 

Milan, Italy 

Flnland 

Denmark 

New Zealand 

New Zealand 

USA 

Utah 

New Jersey 

New Jersey, Philadelphia 

USA 

USA 

Washington 

USA 

Michigan 

Connect 1 eut 

Period 

1961-1979 

NA 
1957-1978 

1948-1972 

1965 -1966 

1957-1974 

1968-1976 

1970-1980 

1984-1986 

1964 - 1978 

1971-1978 

1950-1975 

1968-1976 

1976-1978 

1974-1978 

1969-1970 

1950-1978 

1965 -1975 

1971-1972 

1978-1979 

1957-1979 

1975-1982 

1961-1979 

1950-1967 

1967-1978 

1979-198') 

1979-1983 

1970-1979 

1979-1983 

1977-1981 

1950-1969 

1967-1982 

1975 -1980 

1978-1981 

1946-1976 

1967-1976 

1968-1980 

NA 

1935-1976 

1975-1980 
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Type of Data 

1 nCldence 

IncIdence 

mortallty 

mortall ty 

mortall ty 

mortall ty 

mortall ty 

1 neldence 

1 nc ldence 

mortall ty 

mortall ty 

mortall ty 

mortallty 

mortall ty 

inCIdence 

mortall ty 

mortall ty 

1 nCldc>nce 

mortallty 

1 nc ldence 

mortall ty 

l 'IC ldence 

1 nCldence 

mortall ty 

mortall ty 

Incidence 

mortallty 

i nc ldence 

i nc ldencf' 

1 nCldence 

mortall ty 

mortall ty 

1 nel dence 

mortall ty 

mortall ty 

mortall ty 

mortall ty 

incidence 

mortall ty 

Incidence 



TabLe 2.4 ReLat1Ve R1Sk Est1mates From tne Literature by S1te and Type of ASSOC"1otlOn 

Site 

AL l Cancer 

Bladder (ur1nary) 

Ur 1 na ry Organs 

Bra1n 

Bra1n and Other Nervous System 

Breast 

Tracnea, Bronchus, Lung, and Otner 

Bucca l CaV1 ty and Pharynx 

Esophagus 

Larynx 

Mouth 

Nose and S1nuses 

Pleura 

Resp1 ratory 

Tongue, Mouth, and Pharynx 

Bronchus and Lung 

CerV1x Uter1 

Corpus Uter1 

Femal e GCnl ta L 

Ovary, Fallopian Tube, Broad L1gament 

Colon (cxcluding rectLl11) 

Large 1 ntcst 1 ne and Rectum 

Rectum and Rectos1gmo1d Junct10n 

D 1 9CS t 1 VC Organs 

Stomac" 

Gallbladdcr 

L1vcr 

L 1 ver and Ga Il b ladder 

Hodgk ln's Dlsease 

Lymphold 

L ymph osarcorna 

L yrnphosarcorna and Ret1 cul LI11 

Cell Sarcoma 

Lymphatlc and Hcmatopoietic 

Neoplasms 

Non-Hodgkm's Lymphomas 

Re t 1 cul un Ce Il Sarcoma 

Soft-Tlssue Sarcoma 

Leukeml as 

Lymphatlc Leukem18 

Mul tlple Myeloma 

Myelo1d Leukemia 

Other and Unspec1 1100 Leukem1a 

Ma 1 i gnant MeL anoma 

Other Skln 

Kldney 

Pancreas 

Prostate 

Test 1 s 

Negat1ve 

11(m), 16(f),16(m) ,25(m), 

27(m) ,35(m) ,36(m) 

14(m), 28( f), 28(m), 38(m) 

1(m),14(m),34(m) 

38(0 

38(m) 

14(m) 

1(m), 14 (m), 28(m) 

28{m) ,38(m) 

28(f) ,28(m) 

1(m),37(m) 

17(m) 

14(m),17(m),28(f) , 

28('ll),36(m) 

38(0 

S(m), 14 (m), 17(m), 39(m) 

1(m),38(m) 

5 (m), 35 (m), 36(m), 39( m) 

38(m),39(m) 

28(m) 

S(m),28(m) 

1(m), 14(m), 16(0 

30(m) 

19(m) 

16(f),16(m) 

25(m),35(m) 

28(0 

24(m) 

1(m), 14 (m), 29(m) ,38(m) 

22(b) 

14(m) 

28(f) 
28(m) 

1(m),28(f),28(m) 

S(m), 28 (m), 38(m) 

Hm),14(m),24(m) 

1(m),5(m) 

(m) Males; (f) Females; (b) Males and Femalcs 

NuL L 

1(m),27(m),31(f), 

31(m),39(m) 

7(m) 

28(0 

17(m),38(m) 

17(m) 

28(m) 

28(0 

28(m) 

Sem) 

1(1Il),14(m) 

2(b) 

31(0 

19(m) 

14(m), 31C f), 31(m) 

17(m),22(b), 

31(f),31Cm) 

16(f),16{m) 

280) 

28C f) 

5(m),28(1Il) 

19 

------- ._-
Po .. 1 t 1 Vl' 

3(m), S(m), 21 (b) ,2)(111) 

, (01),5(111),36(111), W(Ill) 

2B(f),?8(1ll) 

1B(b),26(b) 

5(111),38(1 ),513(111) 

28(m) ,38( m) 

3 (In) , 4 ( Ill) , 5 ( Ill) , 39 (Ill) 

5 ( Ill) , 28 ( f ) , 2 B (Ill) , 39 ( 111 ) 

28(1) 

5(m),28(f ),40(111) 

38(111) 

8(b), 2B( f) 

5(111),21(b),39(m) 

35(1ll) ,36(m) 

2B( t) ,31 ( f ) 

3B(0 

31 ( f) ,38( f ) , 

1 (m), 20(m), 38( 0, m(llI) 

2B( f) 

39(111) 

3 (m), 5 (111), 10 (Ill) , 1/( Ill) , ?Il( t) , <'H( III) 

2B( f) , 3[\( f ) 

1(1ll),2(b),2B( 0,$$(111) 

1(111) 

16(m) ,24(m), 28( Il, 213(111), (31 (111),31\(111) 

2D(Ill) ,30(1ll) 

19(111) 

39(111) 

1(111),10(m),1?(b),'.HIfI),?I.(III) 

28(111) ,32(111) 

,5(111) ,20(111) 

5(m),6(1II) ,28( f) ,2B{m) ,19(111) 

3B( 0 ,39(111) 

16(f),16(m),24(m) 

1(m),10(1fI),2.S(rn),?4(fII) 

2B( f) ,2B(III) 

28(m) ,38(10) 

14(m) 

5(m),14(rn)'25(rli), ~(..(IfI) 

1 (rll) 

, 7( III) ,28( f ) , 38( f), ~8 (rli) 

9(111), 10(m), 14(rn), lt(m),/!!(IIi), ~e(llI) 

28(rn),3B(rn),3?(In) 



of the effect (negative, null, or positive). While the 

results from these studies, viewed in this manner, appear 

inconsistent, the following sites appear ta merit closer 

attention: 

a) Brain and other nervous system; 

b) Trachea, bronchus, lung and other; 

c) Buccal cavity and pharynx; 

d) Mouthi 

e) Multiple myelama; 

f) Non-Hodgkins lymphomai 

g) Prostate; 

h) Testis. 

Single studies that included multiple sites and 

multiple pesticide exposure estimates sometimes showed 

negative, null, and/or positive results. 

Table 2.5 provides more detailed information. six of 

the 47 sites listed in this table have maximum relative risk 

estimates of 1.0 or less. Many of the estimates, however, 

are based on small numbers. Of the 41 sites with maximum 

relative risks greater than 1.0, 10 have minimum risk 

estimates that exceed 1.0. Of these 10, the following 3 are 

present in the previous list: 

i) Brain and ather nervous systemi 

ii) Mouthi 

iii) Testis. 
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Table 2.5 Comparlson of Selected R1Sk Estlmates From the Llterature by Sltc of Canccr for illl PC-.tIC1Uc E"PO·.ll1l" • 

Site 

A II Cancer 

Bladder (Uni rary) 

Urinary Organs 

Brain 

Brain and Other Nervous System 

Breast 

Trachea BrOflchus Lung and Other 

Buccal CaVI ty and Pharynx 

Esophagus 

Larynx 

Mouth 

Nose and Sinuses 

Pleura 

Respl ratory 

Tongue Mouth and Pharynx 

Bronchus and Lung 

Ccrvlx Uten 

Corpus Uterl 

Fema le Gem tal 

Ovary Fallopl an Tube Broad L Ignmcnt 

Colon (excludi ng rectum) 

Large [ntest 1 ne and Rectun 

Rectun and Rcctoslgmold Junctlon 

Digestive 

Stomach 

Ga II bl ndder 

L lver 

Llver and Gallbladder 

Hodgbn's Dlsease 

LYlTllhold 

L yrrphosarcoma 

LYlTllhosarcoma and Reticulum Cell Sarcoma 

L)llfl)hatlc and Hematopoietlc Neoplasms 

Non-Hodgkln's LYfl1Jhomas 

Reticulum Cell Sarcoma 

Soft-Tissue Sarcomn 

Leukemlas 

LYfTlJhatlc Leukemla 

Multiple Myeloma 

MyeLold LeukclTlla 

Other and Unspec1fled Leukemla 

Mallgnant Melanoma 

Other Sk ln 

Kldney 

Pancreas 

Prostate 

Testls 

NA not avallable 

Citation 

25. 

38. 
28. 
14. 

38. 
38. 
38. 
14. 

14. 

38. 
38. 
28. 
28. 

1. 
17. 

28. 
38. 
38. 
28. 
31. 

39. 
28. 
38. 

36. 

38. 
28. 

28. 

16. 

30. 
19. 

16. 

25. 
28. 
24. 

15. 

29. 
22. 
14. 

28. 
28. 
28. 
28. 
5. 
1. 
5. 

28. 

Lowest Est lITlate 

Confidence 

L lml ts 

NA 
NA 

0.7 - 2.2 

0.4 . 1.2 

NA 
NA 
NA 

0.6 - 1.1 

0.3 - 0.8 

NA 
NA 

0.3 - 30 

0.1 - 6.1 

0.7 - 1.4 

0.1 - 2.1 
0.4 . 0.9 

NA 
NA 

0.8 - 1.2 

NA 
0.1 . 3.3 

0.9 - 1.2 

NA 

NA 
NA 

0.3 - 1.4 

0.4 . 1.5 

1.0 . 3.0 

NA 
0.0 - 1.4 

NA 

NA 
NA 

0.3 - 1.5 

NA 
1. 3 - 8.1 

0.1 - 2 6 

0.3 . 1.8 

0.7 . 1.2 

1.1 . 2.6 

0.7· 1.0 

0.4 . 1. 1 

0.6-1.1 

NA 

0.3 - 1.3 

NA 
0.8 - 1.4 

Case~ 

(13) 

(6) 

(11) 

(17) 

(1 ) 

(6) 

(15) 
(31) 

(15) 

(1) 

(8) 

(3) 
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Of the articles reviewed, seven contained relative risk 

estimates for brain or brain and nervous system cancers 

(1,5,14,18,26,34,38). While none of these were 

statistically significant or had relative risks that 

exc l uded 1. 0, four of the studies conta ined estimates that 

were greater than 1.7 (5,18,26,38). 

The evidence pertaining to mouth cancer is much weaker 

insofar as only one estimate was available from the 

li terature (38) and another grouping of si tes that included 

mouth had a relative risk estimate of 0.58 (17). 

1. Detailed Cancer site Examination 

A closer examination of c) 1 f) 1 and g) from the first 

list of si tes that appeared to meri t closer attention 

Indicates that of the five estimates available for buccal 

cavityand pharynx listed in Table 2.4 (5,14,28(f),28(m),39) 

a II except one (14) .cange from 1. 25 to 1.77. 

Two of the eleven non-hodgkin' s lymphoma relative risks 

reviewed were positive and statistically significant 

(10,12). Seven of the remaining nine relative risks were 

between 1.23 and 2.6 (1,10,13,24,28(f),28(m),32) with the 

Ilumber of cases ranging between 10 and 1101. 

Eleven relative risk estimates were available for 

prostate cancer, of which three were both positive and 

statistically significant with relative risks est:imcJ.tes of 

1.2, 1.4, and 1.5 (10,9(m),9(rn». 

22 



Cancer of the testis was dropped from further 

consideration as the only estimate based on more than one 

observation had a relative risk of 1.06 (28); j llst above the 

criterion for a positive association. A closer cxùminat ion 

of the literature for multiple myeloma revealed that thrcc 

of the four positive relative risks reported wC're stùtis-

tically significant (23 (M) ,ID (M) ,24 (M)) . 

Based on the examination of Table 2.5 the followinq 

additional sites were exarnined in greater detail: 

a) Urinary; 

b) Corpus uteri; 

c) Li ver and gallbladder; 

d) Soft-tissue sarcoma; 

e) Myeloid leukemia. 

The rubric "urinary" incl udes cancers of bath ki ùncy 

and urinary bladder. Three of the five kidney relê1tive ri:-;k 

estimates l isted in Table 2.4 were between 0.5 (lnd 0.6 

(5,28,38). The nine relative risk estimates ava i 1ab10 for 

bladder cancer ranged between 0.7 and 3.0 [1,5,7, 14,:> 8 (m) 1 

28(f), 36,38, 39]. In general, the risk estimatcs abovc 1.0 

were based on small numbers (1,5,36,39). Only two cstimrlt(!·; 

for urinary cancer are available from the li teraturc 

reviewed and both come from the sarne study (28). The 

estimates reported were 1.21 (N=l1) and 1.34 (N=-=4). 

Cancer of the corpus uter i is contained wi th i n two 

rubrics (corpus uteri, fernale geni ta l) in Table 2.4 élnd on l y 

one estimate is available for each. The estimc1tc for corpu~..; 

uteri is 2.28 (N=4) and 1.02 (N=85) for femalc gcnitdl. 



Although based on larger numbers, less weight is placed on 

the estimate for female genital as it is a broad rubric 

containing the following sites of cancer: corpus uterii 

cervix uteri; chorionepithelioma; ovary, fallopian tube, and 

broad ligament; other and unspecified female genital organs. 

The co~bined rubric of liver and gallbladder is 

rcprescntcd in the literature reviewed by seven relative 

risk estimates for liver (1,2(b),2(b) ,5,28(m),28(f),33), 

threc for gallbladder (28(m) ,28(f) ,38) and one for liver and 

gallbladder combined (1). Of the eleven risk estimates two 

were significantly positive for liver: 1.9 (33) and 2.4 (1) 

with confidence intervals of 1.2 to 3.0 and 1.2 ta 4.4 

rcspcctively. Of the remaining nine, six were greater than 

1.0 and five were below 1.0. 

Sarcomas are widely distributed across many sites, rnost 

notably bonc, connective tissue, brajn and other nervous 

system, genital in females, and testis in males. Soft­

tissue sarcom()s, in particular, are difficult to character­

Ize using the site based International Classification of 

Diseases. The connective tissue rubric 171 (ICD-9), where 

many of the soft-tissue sarcomas appear, is incomplete in 

its coverage of these cell types. For this reason risk 

estimates for these tumours are rarely availarle from 

ecological studies. Four estimates were obtailed from the 

literature and aIl four were positive and significant. 

Estimates range between 3.3 and 6.8 (15,20). 
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Of the 24 risk estimates available for rubrics 

containing myeloid leukemia, two are for myeloid leukemi~ 

specifically. Bath estima tes are positive (1.69,1.72) with 

one having a confidence interval of 1.2 - 2.6 (28). 

Eighteen of the remaining 22 are positive with relative 

risks of 1.1 - 3.0 and five (6,28(m),28(f),29(m),29(f» hùve 

confidence intervals that exclude 1.0. 

2. Pesticide Exposures in the Literature 

Pesticide exposure can and has been dcfincd and 

quantified in wany different ways. Appendix I1I lists sorne 

of the terms used in the literature ta describe exposures. 

While in the majority of cases it is not possible ta isol~tc 

specifie pesticide exposures, the terms were grouped into 

four broad categories in arder to highlight irnport~nt 

differences in exposure intensity and cancer risk. Vor 

example, farming occupation and other variables rel~ted to 

farming activity are frequently used as proxies for 

pesticide exposure. While the probability of pesticide 

exposure among farmers is probably much higher than amonq 

most other segments of the population, farmers are ~lso 

exposed to many other chemical agents such as machine and 

fuel oils, fertilizers, and infectious agents in animal 

populations. Correlates of farming activity such as crop 

acreages have also been used as estimates of population 

exposure to pesticides. 



Tables 2.6 through 2.9 present relative risk estimates 

from the literature classified within each of the following 

types: 

a) Forestry and agricultural occupations; 

b) Farnring occupations; 

c) Occupational exposure to pesticides 

other than farming forestry or agriculture; 

d) Other miscellaneous pesticide exposures. 

These tables contain the same information as in 

previous tables except that the risk estimates are examined 

by the type of exposure for which they were reported. ~s in 

previous tables, single studies often report many relative 

risk estimates for a variety of exposurejsitejsex 

combinations. It is therefore possible for the same study 

ta provide lowest and highest relative risk estima tes for a 

given site. 

The category forestry and agriculture is a broad 

industrial classification used by a few studies. Because 

potential risks in forestry and agriculture are 50 

different, this category was not combined with farming. The 

farming category inc]udes studies of both farming as an 

occupation and correlates of farming activity. The 

"occupations other than farming forestry or agriculture" 

cate~ory contains the results of studies of populations that 

wereexposed ta pesticides through their work. Of aIl the 

categories, the results contained within the occupational 

group are most likely to be associated with pesticide 
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Table 2.6 Relative R1Sl<S From the Literature by Site of Cancer for Forestry and Agrlcul tural OcCUP.1tlO1)-; 

Lowest Estlffiatc Hlghc.,t ~!-ot 1111.,tC 

--- --- ---- ~ 

ConfIdence Conf 1 dellec 

Site Cl tat 1 011 L lffilts Cases RR RR Cn .. c,> L ll11lt .. Cl tnt 1,\11 

------- ---

Brain 34. 0.4 1.8 (718) 0.8 0.8 ( 713) 0.4 1.3 ~I •. 

Buccal Cavlty and Pharynx 28. 1.1 - 1.9 (51) 1.5 1.8 ( 11) 1.0 S '{ tlH 

Non-Hodgkln's Lynphomas 28. 0.3 . 1.5 (5) 0.6 1.2 (:'8) o 9 1.1\ ;,g 

Prostate 28. 0.9 1.4 (97) 1.1 1.1 (97) 0.9 1 1. ;>1\ 

L lver 28. 0.4 - 1.5 (9) 0.8 1.7 (6) 0.3 5.9 1/1. 

Ga Il bl addcr 28. 0.3 1.4 (5) 0.6 2.2 (14 ) 1.5 5.7 2H. 

Leukemlas 29. 0.1 2.6 (2) 0.4 1.6 (30) 1.1 ?3 ;'IL 

Multiple Myeloma 1. 0.6 . 2.9 (7) 1.4 1.4 (7) o 6 ? 9 1. 

MyclO1d Leul<emia 28. 1.1 . 2.6 (20) 1.7 1.7 (8) 0.9 - 5.4 .!Il. 

--------- --
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T"ble 2.7 RelatIve Rlbks From the Llterature by SIte of Cancer for Farming OcCUpatIonS 

t 

Lowcst Estlfll3te HIghest Estimate 

ConfIdence ConfIdence 

SIte CI tatlon l1ml ts Cases RR RR Cases llmlts CItatIon 

Brill n 14. 0.4 - 1.2 (17) 0.7 5.0 (47) NA 26. 

IIr iJ1 n and Other Nervous System 38. NA (1 ) 1.7 50.8 (1) NA 38. 

[Juccal Cavlty and Pharynx 14. 0.6,1.1 (31) 0.8 0.8 (31) 0.6 - 1.1 14. 

N{Jn-l!odgk Ill' <; L yrrphol1la~ NA NA NA NA 2.6 (59) 0.8 8.3 13. 

p, {)',tIJte 17. 0.8 1.5 (40) 1.1 1.7 (7) 0.6 - 4.6 9. 

Ilver 33. 0.5 3.0 (8) 1.2 2.4 (10) 1.1 4.4 1. 

llver and Gallbladdcr 1. 1.0 - 3.0 ('4) 1.8 1.8 (14) 1.0 - 3.0 1. 

G,1l1 bl adde r 38. NA (' ) 7.4 7.4 (1 ) NA 38. 

Leuket111 il 0., 38. NA (2) 0.6 3.0 (9) 1.2 . 7.3 29. 

Mul t Iplc MyclOllkl 14. 0.7 - 1.2 (24) 0.9 1.8 (60) NA 24. 

NA nut ilvilllablc 



r-------------------------------

Table 2.8 Relative Risks From the Llterature by SIte of Cancer for Occupatlonal Expo~urc to Pc~tlCldc~ 
Other Than Farming, Forestry, or AgrIculture 

-~---- ~ ~-

Lowcst Estlmate HIghc..,t E~ t ltlU t.' 

------------ - -- ~ 

Confldcnce Conf 1 d"1lI e 

Site CitatIon llml ts Cases RR RR Cù~c.., L 11111 t., 

Brain and Other Nervous System 5. NA (5) 2.0 2_0 (5) NA 

Bucca l eaVl ty and Pharynx 5. NA (3) 1.3 , .5 ( , ) 0.2 - fi 2 

Prostate 5. NA (2) 0.5 0.5 (2) NA 

Livcr 5. NA (1 ) 0.8 0_8 (' ) NA 

Leukelnlas 5. NA (4) 1.3 2_' (2) () "2 - 1 (:, 

Mul tlple Myelema 23_ NA (23) 1.1 1.1 (?3) NA 

--- -- ------

NA net available 

llt"t 11111 

.} 

W. 

" 

.,. 
w 

/~ 



fable 2.9 Relatllle Rlsks From the Llterature by Site of Cancer for Other Hlscellaneous 

Pe~tlclde Expo~ures 

Lowest Est unate 

Confidence 

SI te Citation L Imlts Cases RR RR 

Br,lln ard Othcr Ncrvous Sy!>tem 5. NA (5) 2.0 2.0 

!.lU( cal CaVI ty and Pharynx 5. NA (3) 1.3 1.5 

Pro',tate 5. NA (2) 0.5 0.5 

llver 5. NA (1) 0.8 0.8 

1 eukcrrll .... 5. NA (4) 1.3 2.1 

NA no! aVili 1 bIc 
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Ilighest Estlmate 

Confidence 

Cases L iml ts Ci tatlon 

(5) NA 5. 

(1) 0.2 - 8.2 39. 

(2) NA 5. 

(1) NA 5. 

(2) 0.2 - 7.6 39. 



exposure. The final category, other specifie pesticide 

exposures, groups the remaining results that do not fit into 

any of the previous tnree categories. 

Table 2.10 permits the comparison of results across 

categories. There i8 a noticeable degree of consistcncy in 

the results across categories; most notably for the 

leukemias. 

C. Conclusions 

The results available in the literature tor 

cancer/pesticide associations are inconsistcnt. The 

following subset of "suspect" sites has been idcntified 

through a systematic examination of 288 relative risk 

estimates from 40 studies: 

a) Brain and other nervous system; 

b) Buccal cavity and pharynx; 

c) Non-Hodgkins lymphoma; 

d) Prostate; 

e) Liver and gallbladderi 

f) Soft-tissue sarcomai 

g) Myeloid leukemlai 

h) Leukemia (excluding myeloid) 

i) Multiple Myeloma. 

Results for these sites have been found to be iairly 

consistent across a number of broad exposure categorie~. 

Given the generally low precision with which pesticide 

exposure has been estimated, the identi f ied sites are tho!if.! 

for which the prior evidence is strongest. 



32 

Tilble 2.10 Hlghe!.t RelatIVe R1Sks by 51 te of Cancer and Exposure Category 

All Agrlculture/Forestry Farmlng Occupational Other (1) 

Ilrrll n 5.0 (47) 0.8 <7(8) 5.0 (47) NA NA 2.3 (19) 

Brill n and Other Nervous Sy~tcm 50.8 (1 ) NA NA 50.8 ( 1) 2.0 (5) NA NA 

/Juteill CaVI ty and Pharynx 1.8 ( 11) 1.8 (11) 0.8 (31) 1.5 (1 ) NA NA 

Non- Hodgk 1 ni!. l yrrphoma~ 2.6 (59) 1.2 (28) 2.6 (59) NA NA NA NA 

Pl o~tate 1.7 (7) 1.1 (97) 1.7 (7) 0.5 (2) NA NA 

11vpr 2.4 ( 10) 1.7 (6) 2.4 (10) 0.8 (1 ) 2.1 ( 11) 

1 1 Vl'1 dnd Gilllblilddcr 1.8 (14) NA NA 1.8 (14) NA NA NA NA 

G~III!J1 ~iddcr 7.4 (1) 2.2 (14 ) 7.4 (1 ) NA NA NA NA 

,olt-T I..,..,UC Snrcomn 6.8 (14 ) NA NA NA NA NA NA 6.8 (14) 

1 puk efli 1 il" 3.0 (9) 1.6 (30) 3.0 (9) 2.1 (2) 1.2 (433) 

Multiple Myclo/lla 5.4 (1) 1.4 (7) 1.8 (60) 1.1 (23) NA NA 

Myelold lcukC1l1lll 1.7 (8) 1.7 (8) NA NA NA NA NA NA 

(1) ot Ill'! 1Ii1'>CC II ilneou~ pc'> tiC 1 de expo~urc~ 

NA n<>1 dV<lllnblc 



CHAPTER III 

METHODS 

l. BACKGROUND 

Spruce budworrn spray exposure and its possible effects 

on hurnan health has been a source of concern to New 

Brunswickers for several decades, but attempts to addres:; 

these concerns have been difficult for the fOlluwing 

reasons: 

a) spraying has been carried out over a long 

period of time; 

b) the areas sprayed vary from ye~~ to ye~r; 

c) differenl spray compounds have becn used 

within and across years; 

d) the geographic distribution of the population 

vis-à-vis its proximity to spraying is 

difficult to establish; 

e) data on geographic distribution of health 

events within the population are imprecise. 

An important practical goal of this study was to obt.lin 

the highest quality data available on exposurc and cancer 

incidence and to manipulate them in a such a way as to 

preserve their detail while also permitting the examination 

of their joint geographic distribution. Superficia]]y, the 

geographical representation of incidence data i5 

incompatible with that of budworm spraying wlthin the 

province. Spray data were available only in the form of 

maps while the geographical reporting of cancer incidence 

was by municipality. 

33 



The preparation and linkage of these data required the 

acquisition and manipulation of many types of geographical 

data. A brief description of these follows. 

The population of New Brunswick, approximately 695,000 

persons, resides within an area of 696,403 square kilometers 

[stats Canada E-562,1982). There are thousands of 

settlements within New Brunswick in which people live and 

for which official names are recorded [CPCGN,1972]. In 

1981, Statistics Canada identified 1,597 of these along with 

thcir populations [stats Canada 94-902,1983]. These 

settlements are classified under the general rubrics of 

incorporated and unincorporated places and were used as the 

basis for developing spray exposure scores. 

Most of the settJements (places) within New Brunswick 

are non-incorporated, and these contain approximately one 

third of the population [Allen et al. ,1976]. Settlements 

vary greatly in both population size and the range of 

services provided. Incorporated settlements such as towns, 

villages, and clties have local governments that are legally 

responsiblc for the planning and provision of a broad range 

of services that affect the safety and quality of life 

within their boarders. In non-incorporated places these 

services are provided by the provincial government. 

AIl incorporated places are uniquely identified in the 

standard Geographie Classification (SGC) developed by 

statistics Canada EStats Canada 12-567,1982). Indian 

Reservations are aiso identified in this manner. The 
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remaining, non-incorporated, settlements of New Brunswick 

are grouped together within large geographically definod 

areas referred to as parishes. AlI non-incorporated places 

within the same parish therefore share the sarne sec. The 

1981 Standard Geographic Classification recognized 285 

towns, villages, cities, Indian reservations, and parishc~ 

within New Brunswick. These geographical units are 

frequently referred to generically as municipalities or 

census subdivisions. 

These 285 municipalities, and aggregations of them, dl"l' 

the basic units of geography used here for the C,)} culat ion 

of risk. Municipalities can be grouped into large 

geographic territories for mapping purposes. The CenSll~; 

Consolidated Subdivision (CCS) is used for this purposc. 

The Census of Agriculture frequently uses the CCS as the 

basis for i ts reporting of statistical data. CCS 1 sare nhlde 

up of geographically contiguous Census Subdivisions 

[stats Canada 12-567,1982,pg.24]. The following rules arc 

applied by statistics Canada in defining a CCS: 

a) "aIl census subdivisions smaller thi1n 25 

square kilometers are grouped wlth i1 larqer 

subdivision" 

b) "if a census subdivision greater than 25 

square kilometers is surrounded on more than 

half its perimeter by another SUbdivisIon, 

it is included as part of the CCS formed by 

the other subdivision; if not the ccnSllS 

subdivision forms a CCS on its Ovin." 
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The geographic limits for most CCS's within New 

Brunswick correspond to those of parishes but conta in those 

towns, villages and cities enclosed within their limits. In 

rare cases a single CCS represents the merger of 2 or more 

parishes and in the case of certain large cities such as 

Saint John, a city may itself be a CCS. In 1981 there were 

153 CCS's within New Brunswick. Also in 1981, for the first 

time, the Census of Agriculture used the same definitions of 

CCS's as the Census of the Population. 

Finally, Census Districts represent the largest 

geographic units within provinces. New Brunswick has 15 

Census Districts. 

In summary, New Brunswick is divided inro 285 non­

overlapping geographic units (sorne of which are the non-town 

residuals of parishes). These are collapsed by geographic 

contiguity into 153 Census Consolidated Subdivisions, which 

are further collapsed into 15 Census Districts. However, 

the data for the 285 smallest units are available 

individually and can be pooled on bases other than 

geographical contiguity. 
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II. DATA SOURCES 

A. Spruce Budworm Spraying and Population 

Settlement Patterns Within New Brunswick 

1. Spruce Budworm Spray Maps: 1952-1983; Data 

Sources, Content, and Quality 

Maps indicating the location of areas spraycd [or 

spruce budworm during the 32 year period 1952 through 19H3 

were obtained from two sources. Forest Protection Ltd. 

(FPL), which has administered New Brunswick's spray 

programme since the programme' s inception in 1952, suppl iL'Ù 

32 maps (scale 1:500,000) which covered aIl of its 

operational spray activi ties during that par iod. ,J • [1. 

Irving Ltd., a pri vatel y owned corporation, has operated i L~ 

own spray programme since 1971. These operations occurn'rj 

over portions of freehold land that was not designated ta bu 

sprayed by FPL. The data from the~e combined sources lS 

estimated to account for more than 98% of the total arc,) 01 

New Brunswick sprayed from 1952 through 1983, inclusive. 

A second source of budworm spraying, not contained in 

these data, include spray trials conducted by the Forest 

Pest Management Institute (Canadian Forestry Service) in 

collaboration with FPL. These trials involve the use of now 

formulations and typically involve forest arcas of 50 ta 

5,000 hectares, generally located in areas remote tram hUIndn 



settlement. These trials include operations against the 

budworm moth in 1973 and 1974. 

The supplied maps were silk-screened summaries of the 

flight plan maps used during spray application. The maps 

contained legends that identify the pesticide formulation(s) 

used in a particular year. l developed a coding system tu 

classify: 

a) the active ingredienti 

b) the carrier (oil, water, or other solvent) ; 

c) the number of applications. 

The coding system also indicates where the same 

pesticide formulation was applied repeatedly and where 

different formulations were applied to the same area in a 

9 i ven yeëlr. In aIl there are 27 unique codes within the 

exposure data base (See Appendix IV). AlI spray maps were 

coùed twice by me and aIl detected errors were corrected. 

2. Settlement Patterns within New Brunswick; Data 

Sources, Content and Quality 

statistics Canada produces provincial listings of non­

incorporated and incorporated places with their populations. 

In 1981 it published its Place Name Reference List [stats 

Canada 94-902,1983J with population information on 1,587 

settlements within New Brunswick. According to sources 

within statistics Canada, for reasons of confidentiality, 

population data for places with 5 or fewer permanent 

dwellings are not published. This exclusion applies to 
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approximately 12% of the total New Brunswick population ùlld 

is eoncentrated solely t~ithin the parishes. The effeet o! 

this exclusion on exposure estimation will be discussed in 

detaii later. 

Geographie eoordinates (Lambert) to the nearest mi nutp 

were obtained for each of the 1,581 New Brunswick 

settlements f::-om the Gazetteer of Canada [or New Brunsw i d: 

[CPCGN, 1972] • These eoordinates identify the approximùte 

physical senter of eaeh settlement except where ù central 

point of human aetivity is identifiable, such as a town 

center or a cornmunity hall [Energy, Mines, and Hcsourcc!-;; 

persona1 communication, 1984 J. Clos e e x il min il t ion 0 t l:~) 0 , () () () 

scale maps showing the location of buildings indi~alos th<lt 

the degree ta which these coordinates approx 1 mrlte the cent ('r 

of human habitaUon varies a great deal from settl cment. to 

settlement. 

While statistics Canada aiso publ ishes a set of 

coordinates that are designed to reflect the centers 01 

settlements, these are of low precision for unincorporntcd 

settlements. This is because enumeration aredS, which "n.! 

the smallest geographic units within the census, frequcntly 

encompass many small settlements. The coordlndtes rcportl.rj 

for these settlements are those calculated for thc 

enuroeration area as a whole. This fact is incorrectl y 

documented in sorne statisties Canada publicat 10ns and 

resul ts in substantial distortion in the geograph ic 

situation of these small settlements. 



3. Integration of Spray Data and Settlement 

Patterns; Methods and Quali ty 

Detailed instructions on the coding of the spray maps 

were supplied to Maritime Resource Management Services 

(MRMS) for the purposes of computerizing the spray maps. 

MRMS produced a data base which contains the following: 

a) the spray year: 

b) the distance in kilometers between the point 

defined by the coordinates of each of the 

settlements and the closest point on the 

marg in of each spray area wi thin a 100 

kilometer radius; 

c) the name and 1981 population of each 

sett l ement ; 

d) the geographic coordinates of each settlement; 

e) the true compass bearing from each spray 

area within 100 kilometers of each 

sett l ement; 

f) the arca of each spray block in hectares. 

In order to eval uate the quai i ty of the work done by 

MRMS, the data for one year were verified. The 1965 spray 

year was chosen for this purpose because spraying that year 

was sufficiently extensive and complex to permit the 

identification of problems related ta the process of 

digi tization. The geographic location of a sarnple of 

settlements with the following characteristics were chosen 

as part of this process: 
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a) settlements within spray areas; 

b) settlements situated outside of spray arC<lS 

but wi thin 10 kilometers of at least 1 spray 

area; 

c) settlements beyond 100 kilometers from dny 

spray block. 

Distances and bear ings were calculated and a11 

comparisons were round to be in agreement and the pree i sion 

with which distances were calculated did not vary dS a 

function of the distance between settlements and thc m,Hl) i 11!. 

of surrounding spray areas. AlI formulat i on codes fa r t IH' 

areas examined were aiso in agreement. 

B. Cancer Data 1977-1980 

The Province of New Brunswick colleets data on humtll1 

cancers from pathology reports, X-ray reports, C0I1!3U 1 tclt ion', 

submitted to radiation oncologists at Saint John Hoc) iond 1 

Hospital, death certificates from the provincial Depilt-tmPllt 

of vital statist ics, and blood and cytol og y rt'}î0 rt~~ f rom 

Saint John Regional Hospital. Reporting ta the rorjlstry l'; 

voluntary. No reports from hematology laborùtor les (Ire 

received, and data pertaining ta neoplasms of the blood ,mri 

bone marrow are i ncomp I ete. 

The Reg istry is housed in the Saint John 1<oq i ona 1 

Hospital, which is the Iargest oncology re[crrdl contrr~ in 

New Brunswick and has been in operation since l(J')/'. Thi~. 

makes it one of the oidest cancer registr ics in Cané.ldd. 

III 
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The New Brunswick Tumour Registry provided a computer 

tape containing case by case data for ail reported cancers 

among New Brunswick residents for the period 1970 through 

1980. Because the registry did not use statisti cs Canada 

standard geographic codes prior to 1977, only 4 years of 

data could be used for this study (1977-1980). The 1971 and 

1976 versions of the Standard Geographical Classification 

[Stats Canada,March 1972;stats Canada,12556,1977) were used 

by the Tumour Reg istry during this period. 'T'he following 

data pertaining to the 12,288 cases recorded for the period 

1977-1980 were obtained: 

a) year of Initial diagnosisi 

b) age at time of diagnosisi 

c) gender; 

d) residential code (1971, 1976 Standard 

Geographical Classification); 

e) site of cancer, coded to the International 

Classification of Diseases version 8 (1977-78) 

or version 9 (1979-80)); 

E) morphological classification of the tumour 

(Systematized Nomenclature of Pathology (SNOP) 

for 1977-78 or the International Classification 

of Diseases for Onco] ogy (IeD-O) for 1979-80) 

including behaviour code; 

g) basis for diagnosis (i.e., histological, 

cytolog Ical, X-ray, or cl inical) . 

The 8th revision of the International Classification of 

Diseases [WHO,19G8) was used by the Tumour Registry to code 

tumour topography for the years 1977-1978 while the 9th 

[WHO,1975] revisian was used to code topography for 1979-

1980. In order ta insure compatibility of cading across 
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revisions for the cancer sites under investigation, il liHt 

of ICD codes cross-classified by site and revision was 

obtained from the Laboratory Centers for Discase Control 

(See Appendix II). 

In 1977 and 1978 the Systematized Nomenclature of 

Pathology (SNOF) was used [CAP,1965] to clùssify tumoUl~; 

morphologically. In 1979 and 1980 the Intcrn~tion~l 

Classification of Diseases for Oncology (leD-O) [WHO,lQJfi] 

was used. These classifications are compatible at the ] 

digit level. 

C. Data From the 1981 Census of the Population (md 

Census of Agriculture 

1. 1981 Census of the Population 

statistics Canada publishes many types of d~tù lar 

different levels of geographical aggregat ion. 'l'he 1 evc·l:. () f 

geographical aggregation chosen in this study were 

determined by the availability, at a given lcvel, of 

population data cross-tabulated by sex and age and for vlh i ('iI 

tumour registry cases could be similarly cross-tabuldtcd. 

The municipal i ty level was chosen as the sma] 1 est love] f (Jr 

which aIl sources of data within the study could he rcnd(·rr·rJ 

compatible. 

Of the 285 municipalities, 260 were retaincd for 

analysis (See Appendix V) after the followinq modificatIon' .. 



One municipality, Alma parish, (SGC81:607) was dropped as 

census data for 1981 indicated zero population and Tumour 

Reg istry data indicated no cases from this area. Another 

municipality, Clarendon parish (SGC81:214), was dropped as 

no places were reported for this parish and therefore no 

exposure data could be calculated. As in the case of Alma, 

no cases for this parish were reported by the Tumour 

Heg istry for the period 1977-1980. The 19 Indian 

reservations were merged into their surrounding 

municipalities due to the small size of their populdtions 

and the high frequency of data suppression by statistics 

Canada for these units. This merger was carrled out 

accord ing to specifications suppl ied by the Federal 

Dcpartment of Vital statistics (See Appendix VI) which has 

been routinely carrying out this procedure on mortality data 

since 1976. Finally, four towns were incorporated in 1981. 

According to the 1976 Standard Geographical Classification, 

rcsidcnts of these municipalities were coded to the parishes 

within which thesc places were situated. Thus, res ident 

cases could not be uniquely identified, and the 

municIpal i ties were merged back into the parishes from which 

they arose: 

a} Verret (SGC81: 1330) merged into Madawaska 

(SGC81: 13 28) ; 

b) Darlington (SGC81:1402) merged into 

Dalhousie (SGC8l: 1408) ; 

c) Sheila (SGC81:1502) merged into Saumarez 

(SGC81:1501) i 
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d) st. Leolin (SGC81:1517) rnerged into N0W 

Bandon (SGC81:1516). 

Following initial data analysis aIl cities (N=6) WCrL' 

dropped. The justification for this decision can be found 

under the heading "Spray Exposure" in Chapter IV. 

Population data, cross-tabulated by sex llnd 11 age 

group categories and their corresponding SGC codes, wcrc 

obtained from statistics Canada tabulations [stats Cande!.\ 

E-562, 1982 ] for each of the 254 retained non-ci ty 

municipal i ties in arder to ca lculate age stùnda rd i zed, ~;('x 

speci fic cancer incidence rates (SIR) for cilch mun i c j pill i t Y 

within New Brunswick. 

Data on potential confounders were Ll1so obLl i ncd in t Il,, 
following categories: 

a. Language/Cul ture; 

b. Education; 

c. Incorne; 

d. Urban/Rural Residence; 

e. Migration. 

Each of the~,e categories was chosen ta capture i1 

specifie dimension of human activity that ffidy be rclat(>d to 

health in general or ta cancer in particulllr. l n th i s ~,( Il'; ( • 

each has the potential, independently of the othen; ilnd of 

spray exposure, to influence the occurrence of Cdnccr. 

These variables may also covary wi th spray cxposurc. 

group they fall within the general category of lifc~.;tylc 

var iables . Occupation is not incl uded in the a na1 y~; i~.; cl!; d 

covariable. Adelstein [1980] found that control for soci.Jl 

class, regional, and urbanization effects removcù 94* of thr~ 
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variation in cancer mortality between occupations. Others 

have also noted the importance and influence of "lifestyle 

factors" in occupational studies [Higginson, 1980]. 

a. Language/Culture 

Cultural or ethnie origin may affect health insofar as 

it encompasses a complex array of biological, behavioral and 

social factors that may influence susceptibility and other 

risk factors for disease. These factors are difficul t to 

rneasure in the present context, but they are incl uded in 

view of their possible importance. 

Large cultural differences exist between English and 

French communities within New Brunswick. Language was 

chosen as the basis for estimating cultural differences. 

The number of persans reporting French as "the f irst 

language learncd and sti Il understood" (mother tangue) was 

obtained from statistic5 Canada tabulations [stats Canada E­

S(12,1982] for each of the 254 non-city municipalities. 

Mother tangue was chosen over alternative measures such as 

the cul tural group to which the respondent' s ancestors 

belonged on first coming ta this continent (ethnie origin) 

or the speci fic language spoken at home by the respondent at 

the time of the census (home language) as l felt it was more 

l ikely ta rcflect early and potentially more durable effects 

of culture. In addition, mother tangue, ethnie origin and 

home language are highly correlated. 
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The proportion of residents reporting French as their 

mother tangue was calculated for each of the 254 non-city 

municipalities. The distribution of these propor-t ions WilS 

found to be U-shaped, with many communities having either 

low proportions of French or high proportions of French. 

Because few municipalities in the province had simi lùr 

proportions of French and English, a dichotom'Jus variable 

was created by cutting the distribution in haH ùt the ~()1, 

point. 

A further consideration was that when one cul turc 

dominates a communi ty, any cul ture-related risk factors th,lt 

operate on a community-wide basis will affect the non-

dominant group as well. Thus cultura l ef f ects m;') y be 

greater than linear in mixed communi ties. 

b. Education 

Education is correlated with incorne and occupation, but 

may act as an independent rnarker for additional factors 

associated wi th heal th behav ior. For exùrnp l e person~; who 

terrninate their educat ion before uni vers i ty or who rece i VC! 

technical training may not be as likely to be exposed to 

influences of those outside their class ùnd or cul turc iI~; 

those who attend university. 

For each municipality, the proportion of pers ons v/ho 

attended university (with or without degree) in the toti'll 

population 15 years or older was calculated. 

--------- ---, 



c. Incarne 

An ecological study of socio-econornic conditions and 

cancer mortality in men indicated that, among other 

variables, cancer mortali ty rates were higher than expected 

in areas where unernployrnent was high and where a high 

proportion of families lived in poverty [Jenklns,1983]. 

Of all the items available frorn the alternatives, the 

census includes several items related to poverty, such as 

the rate of unernployrnent, mean or median incarne, and percent 

of incomes below various standards. Given the seasonal 

nature of a large proportion of jobs within New Brunswick, 

labor force activity is unlikely to provide an accurate 

picture of incarne; rnean incarne may be unduly affected by a 

few high values; and even medium incarne rnay have low 

correlation wi th severe econornic distress. Percent low-

incorne probably cornes closest to capturing the concept of 

poverty. 

Low-incorne cutoffs are based on estirnates of the 

proportion of the total incarne of a family or unattached 

individual that is spent on food, clothing, and shelter. 

Dùta for the calculation of these cutoffs cornes from the 

1978 Family Expendlture Survey, updated according ta changes 

in the Consumer Priee Index (CPI). The CPI uses regression 

techniques ta define incarne levels at which expeLdi tures 

excceded the average level by at least 20%. The effects of 

factors such as farnily size, region, and degree of 
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urbanization were considered in establishing average levels 

of expenditure EStats Canada 8-3302-519,1983]. 

The following data were obtained from statistics ClIn,HLl 

tabulations for each of the 254 non-city municiplIlities 

retained for analysis: 

a) the nurnber of economic famil ies 

EStats Canada E-574,1983]; 

b) the nurnber of low-incorne economic farnilics 

EStats Canada E-574, 1983]; 

c) average nurnber of persans per fùrnily of 2 or 

more persons EStats Canada E-562,1982]; 

d) the nurnber of unattached individuëlls 

[Stats Canada E-574, 1983]; 

e) the nurnber of low-incorne unattached 

individuals EStats Canada E-574, 1983J. 

The census reports low-incorne data scpùrately for 

farnily units and for unattached individudls. 'l'he va lllO~'; 1 U 1 

both types of units were combined into a single value in tlJ(' 

following way. The nurnber of low-incorne farnilies within 

each municipali ty was multiplied by the average fùm i l Y ~; i (':(. 

for that rnunicipali ty. This val ue was added ta the nurnbe r 

of unattached persans to obtain an estimate 0 f the totc11 

nurnber of law-incarne persans. The numbcr of [ilmilics withill 

each municipality was th en rnultiplied by the average f~mi Iy 

size for that municipality and added to the total nurnbcr 01 

unattached persans ta obtain the total nurnbcr of per~on~-:;. 

The estirnated number of low-incorne persans wi thln each 

municipal i ty was then divided by the total number a f pCr~~(HI', 

in each municipality ta obtain a single rate for eüch 

municipal i ty. This procedure rnay introduce an error if 10',/-



incorne families are, on average, larger or smaller than 

other fami lies in that municipali ty. This error will affect 

the analysis here, however, only if the size of the error is 

seriously non-linear in percent below the chosen cutoff. 

d. Urban/Rural Residence 

The concept of urbanization has many facets, incl uding 

popul ation densi ty and industr ial developrnent, that could 

confound associations between pesticide exposure and cancer. 

Industrial contamination of the environment. within New 

Brunswick i s not necessarily concentrated in urban areas 

because forestry, the most important industry in the 

province, is fairly decentralized. Urbanization, however it 

is de f ined or rnea sured, is l ikely ta be a poor proxy for 

chernical po llution in New Brunswick. 

Statistics Canada de fines an urban area as an area with 

a population of at least 1000 persons and a population 

dcnsi ty of at least 384 persans per square kilometer. This 

simple definition based on density leads ta sorne ullusual 

situations in New Brunswick, where sorne relatively srnall 

popula tions j nhabi t srnall areas that do not conform ta the 

usual concept of an urbanized center. Al ternatively, the 

united states uses the criterion of 2500 or more inhabitants 

in an incorporated place to distinguish between urban and 

rural areas. 
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Approximately 53% of the 1981 population of New 

Brunswick live in settlements with populations of less thi111 

2500 persons, while approximately 31% live in 6 cities 

ranging in size from 9818 to 80521. Therefore, unl ike m,my 

other regions, there appears ta be a fairly clcar 

distinction between urban and rural settlements wi thin New 

Brunswick. Municipalities with populations grcater than 

2500 were classified as urban in this study. 

e. Migration 

The numbers of persons "who on census day wcre res id i t1q 

in a different municipality within Canada than 5 ycars 

earlier" were obtained from statisti.::::s Canada tabulat ions 

Estats Canada E-574,1983] for each of the 254 municipalitiC'!; 

retained for analysis. The potential in[}uence of migriltion 

on cancer incidence invol ves bath duration 0 [ cxposure to 

agents in various environments, the association of rcpcùteù 

change of residcnce with certain lifestyle or socio-economic 

characteristics, and the effect of moving on case 

ascertainment and exposure estimation. 

Historically, large migrations have been (l!:>SOCÏrltcu 

with environmental, social, or economic upheaval. '1'0 Ll 

smaller extent, these factors continue ta influence 

migration patterns. For examrle Mancuso commentcd on th r • 

potentiâl adverse health effects of the tendency [or 

migrants to take undesirable jobs [1974). Givcn the 



relatively depressed economic conditions withln New 

Brunswick, a hlgh proportion of migrants may be young and 

jobless, and hence subject ta a wide range of social, 

psychological, and economic stressors with direct or 

indirect effects en health. 

Under ideal circumstances, cohorts of exposed and 

unexposed persans would be identified and followed forward 

in time, and cases of cancer would be identified within each 

cohort. Migration therefore would not affect membership in 

the cohort, and a Il cohort members would contr lbute ta 

cvcnts used [or the calculation of rates. No cohorts of 

this kind are identifiable within New Brunswick to evaluate 

the potentia l effects of budvJOrm spray exposure on the 

occurrence of cancer. To the extent that out-migrants are 

rcplaced by in-migrants with similar cancer rates, the 

rcsults of this study will approximate those of a cohort 

~tudy, while net in or out-migration of high or low risk 

pvrsons (whether or not these are associated with pesticide 

0xposure) would bias the risk estimates. 

The calculation of exposure scores uses weights that 

~re proportional to the population size of each settlement. 

Clven that this weight is intended to approximate average 

svttlcment size over the period of exposure, recent large in 

or out migration would also tend ta distort exposure through 

its influcnce on settlement sizes. 

Data on the proportion of the population of each 

municipality who were living in a municipality in 1981 
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different from the one they occupied in 1976 wcre obta ined 

from statistics Canada tabulations [Stats Canada E-574, 

1983] and was used in fitted regression models. 

f. Provincial Land Mass Data 

The area of each of the 254 municipalities llSf'd in tll!' 

analys is, in square ki lometers, was obtained [rom St,1t i s t ic~; 

Canada Tabulations [Stats Canada E-562,1982]. The nre~l 

rneasurements of the 19 Indian reservations werc mCr<"10d i nto 

the municipalities in which they were situat0ù clccord i nq t-o 

speci f ications suppl ied by the Federa 1 Dep,1 rt Illc'nt 01 Vit ,II 

Statlstics (See Appendix VI). 

2. 1981 Census of Agriculture 

Statistics Canada provided specia 1 tùbu 1 fIt i on~~ olt 1)(1 

area of land under cultivation for crops in 19131 for ('dcll 01 

153 Census Consolidated Subdivisions (CCS), ùS roportcù 

within the 1981 Census of Agriculture [stats CrWi1ùa [;PC'CI,t1 

Tabulation,1983]. 

AlI municipali ties were coded according to the cc; i Il 

which they were situated using the 1981 Standard G(~o(Jr<.lfJllk 

Cl a s s i fic a t ion [ st a t s Ca n a ct a 1 2 - 5 6 7 , 1 9 8 2 J • l' 0 t il l li1 n rJ il rr' d 

within each CCS and the proportion of land undcr crop 

cul tivation were then calculated and assigncd ta a 11 tho'~(~ 

rnunicipalities within that ccs. 
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III. DEVELOPMENT OF SPRAY EXPOSURE MEASURES 

A. Spruce Dudworm Spray Pesticides 

1. Introduction 

While this study examines only the operational use of 

forestry insecticides, the use of herbicides within New 

Brunswick may also be of some concern in view of their 

reported association with soft-tissue sarcornas and rnalignant 

lymphomas [Hardell et al.,1979;Eriksson et al.,1981;Hardell 

et al.,1981;Hoar et al.,1986]. The exposure data base does 

not contain information on the use of forestry herbicides, 

but these are unlikely to seriously modify or confound the 

estimated effects of the exposures under study because of 

th01r method of application and their limited use. For 

0xample, herbicide spraying in forestry is usually ~arried 

out on the ground. The aerial application of herbicides 

beqan in the carly ta mid-seventles and is generally 

specific to privately owned coniferous plantations. Small 

,1 t'cas sprayed w l th herbicides tend to be closer to areas of 

human settlement than other forms of forestry spraying. 

Other sources of operational exposure to herbicides include 

the ground-level spraying of highways, railways, and 

elcctrlcal rights of way. 
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2 • Issues Pertaining to Quality of Data Used 

in the Calculation of Exposure Scores 

All data pertaining to the geographical location 01 

spray blocks within New Brunswick were taken from the 

1:500,000 scale maps (Le. 1 inch = 7.89 miles) suppliod by 

Forest Protection Ltd. (FPL) and J. O. l rv i I1g ForC'~~t Prodw 't .; 

(JOI). The FPL maps were silk screened summ~rlCS of 

nav igational maps used by the spray pi lots, wh i le tho~~C' 1 1'0111 

JOI were in the form of xeroxed sheets from the s.lme !.~C'.lll> 

of maps and with the spray data more crudely rcpresC'ntc'd. 

These are of less concern because of the sm.lll p!.:>t'C0nt.11J1> 

and relatively remote locdtion of the arC<1~; ';prdyecJ by .Jlll 

Furthermore, JOI began spraying only in the CJdl'ly l')fll". 0I1H1 

one would expect the impact of this activity on C,lncer 

incidence during 1977-80 to be minImal. 

The person who prepared the FPL summil ry m"p~; (>~; t i Il1d h·<J 

that the margins of FPL spray blocks arc prob.tb 1 y dccur.tt (. 

within 1.6 kilometers. Th i ses t i mat e w Cl s '~ll b j (> L t i v ( . <Ill cl 

based on his work in map preparation. An addltiondl 0./ 

kilometers of measurement error i5 assoc Idtod vi 1 th U)(: 

process of computerizing (digitizing) the m,lrqln', of the' 

spray maps. 

The geographic location of each sett lcmc.:nt III Ur'-" 

Brunswick, needed for distance calculatlon~" If/d!; t,j}:(:n Ir,,;'1 

the 1972 edition of the Gazetteer of Canadél f ur Ile'" 

Brunswick [CPCGN,1972]. Even under ldea 1 Cl rcum~trlncr:!" 



these coordinates are somewhat imprecise. For the process 

employed in determining the se coordinates, the geographic 

limits of settlements were delineated and a point roughly 

approximating each area's physical center was assigned. The 

population of New Brunswick, which is highly rural, is not 

uniformly dispersed within most settlement areas. Even the 

larqer settlements are often not nuclear, but extend along 

the sides of roads and highways. The coordinates available 

are only to the nearest minute and contribute further 

imprecision on the order of l kilometer. These data are, 

however, the most detailed that are available. 

Approxjmately 12% of New Brunswick residents live in 

pl,\ces thé1t, for reasons of confidentlal i ty, are not 

included in tabulations of New Brunswick settlement 

populations [stats Canada 94-902,1983]. This is a serious 

Joss of inform~tion because residences in small places are 

likely to be remote, close to the forests, and subject to 

obove-average spray exposure. Because only small places are 

involved, on]y those municipalities that are parishes are 

dftccted. Exposure scores within these units are distorted 

in proportion to the size of this unknown segment and its 

average exposure. In order to reduce the impact of this 

problem, the sum of the place populations within a given 

parish was used as the denominator for the calculation of 

population weights, rather than the total population of that 

parish as published separately by Statistics Canada. The 

ctfect of this adjustment on the calculation of weights is 
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equivalent, mathernatically, to assigning the average 

exposure of the "known" population within il parish ta tlll' 

unknown segment in that parish. Ta have uscd the camplctp 

population as the denominator of the rates wou Id have bC'L'11 

equivalent ta assigning zero exposure ta the unasccrta i I1dh Il' 

segment of each municipal i ty, while they may in fact 11,1Vl' 

had considerably aboye-average exposures. 

3. criteria fcr the Dcveloprncnt of Exposurc 

Indices 

The basic data for the c.onstruct lon a t e>:po~;u n:- i nd 1 ('(", 

are the distances between each settlement centra i d dnd t 1\1' 

nearest rnarg in of each spray block w i th in d dc' 1 i nC'd t dd i li', 

for each of the years 1952-1976. The numbcr al ~-;prdy bl(wk:, 

per settlement varies from year ta year, ,1l1Ù the totcll Uv!'!" 

the 25-year per iod ranges from 0 ta 75 sprd y h t ocl-:!~ pr'r 

settlernent. Furtherrnore, ca.ncer incidence l~:; CJcoq r'lf)h 1 Cd 1 1'1 

coded at the level of municipalitip.s rdther th"/1 

settlements. In arder to ma}:e maximuIT. U~;(· (JI th!' dVdl),dJlr' 

data, expasure ind lces have been def i ncd !:;o th" t thr.y <l r r : 

a) additive aver spray black datd withln 

settlement; 

b) additive over settlements within 

rnunicipalities for parishes; 

c) additive over spray years withln the> [J(>r]rJrJ 

1952-1976 for each rnunicipallty; 
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d} reflective of what .s understood about the 

physical behavior of spray within the 

env ironment. 

Spraying was usually carried out ln the morning or 

evening to take advantage of the calmer conditions created 

by temperature inversions. Under these conditions, exposure 

was not uniform across areas contiguous ta spray blocks, but 

varied wlth wind direction following temperature inversion 

breakups. This source of variability could not be 

integrated into the exposure indlces. 

4. DDT and Organophosphate Near-Distance 

Indices 

Due ta the nature of the dispersal of spray aerosols in 

the environment, the majarity of settlement spray exposure 

ln New Brunswick is dominated by the spray block which is 

n0~rest ta each settlement. For this reason and the 

simpliclty of calculating and interpreting a score based on 

the nearest block, a near-distance index was developed. 

AlI settlements whose centroids were within one 

K.llometer of a DDT or organophosphate spray block were 

scored as 1 for exposed while aIl others were scored as 0 

t or unexposed. This index therefore uses data for only one 

spray block per settlement. 

Parlshes are made up of many small settlements, only 

sorne of which may fall wi thin the one kilometer l imi t. In 

these cases the exposure index is calculated as the sum of 
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populations in settlements within one kilometer, divid0d by 

the total of aIl the "known" settlement popul<ltions in th,lt 

parish (see earlier discussion of population wcights) . 

Thereforp, cumulative scores for parishes nre r<lrely 

integers. 

5. DDT and Organophosphate Medium-Distance 

Indices 

In order to make use of aIl of the avail<lble spr,lY ddt.l 

and to represent as closely as possible di f f(>renc(>~~ betw<'l'l1 

DDT and organophosphate spray with respect to probable 

deposition rates as a function of distance, additiol1,ll 

indices were developed. These include multiple sprdy hl()('~' 

data up to a specified distance beyond which expo!;ure 1'. 

defined to be zero. 

a. DDT Medium-Distance Index 

The majority of DDT sprayed during the pcriod )')t)/_)')(,:\ 

was sprayed by slow, low-flying aircraft w;lnq d boom dnrJ 

noz z le spray apparatus that generated re lat l VC l y l d rq(~ ! -p rd y 

droplets. For this reason the amount of off-tarqet drift 1'. 

expected to be much less than from the large, fnst flyin~ 

aircraft with ultra-low-volume spray apparatus u~~d durin~ 

the later organophosphate spray per iod. There fOL n cl ~~ i rnrJ 1 (. 

linear deposition model was used. In the Cd~;C 01 t(ù/f1:., 
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villages, and cities, the score for each place was 

calculated as l-xj5, where x is the distance from the 

centroid for that place to the nearest margin of each DDT 

sprdy block within 5 kilometers. Scores are added over 

spray blocks and over years. 

For parishes, a separate score was calculated for each 

settlement in the same fashion as for towns, villages, and 

cities, and then multiplied by the settlement size divided 

by the "known" parish population. These settlement scores 

were then summed to provlde a total parlsh score. The 

calculation for each settlement is as follows: 

(settlement populationj"known" parish population) (1-xj5). 

b. Organophosphate Medium-Distance 

Index 

The organophasphate medium-distance index differs from 

the DDT medium-distance index in two ways. Firstly, the 

scores for towns, villages, and cities were calculated as 1 

divided by the exponent of distance (ljexp(x)) ta provide on 

cxponential decay of exposure with distance instead of the 

linoar decay provided [or DDT. Secondly, organophosphate 

scores were added over aIl spray blocks within 10 kilometers 

Instead of the 5 kilometer limit used for DDT. AlI other 

calculations were carried out in the same fashion for both 

DDT and organophosphates. 
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B. Agricultural Activity Index 

Exposure to agricultural pesticides may be the most 

important potential confounder of exposure in this stucty. 

Many of the pesticides used in forestry spray ing have al ~;o 

been used in agriculture, and agricultural spr~ying tonds ta 

take place in areas not normally subjected to lorostry 

spraying. Information from the Pesticide Division of th0 

Department of Agriculture and Rural Development (New 

Brunswick) indicates that 52,632 hectares werc spr,ly0l1 w i t h 

approximately 527,765 kilograms of pesticide in 19ft>. 

Fort y-four percent of the total crop hectares tretltcd W0n' 

under cul tivation for potatoes and these wore ~;pr(lyC'd w 1 th 

an average of 20 kilograms of pesticide per crop hectare. 

On average, patata crops receive more thùn 20 times the 

amount of pesticides sprayed on any other crop typC). 'l'hr> 

Task Force on Chemicals in the Environment ,)Del IIUIndn 

Reproductive Problems in New Brunswick found, howcvcl", thdt 

only about 14 % (2.8 kg. /ha) of this amount i5 insoct ie i dp:;; 

the majority (72%) is fungicides with the remaindcr 

consisting of herbicides [Hatcher et al.,198~,pg.1241. 

Aside from a few general descriptions such ilS tho:;c! 

mentioned above, the geographic distributIon of aqricultllrdJ 

pesticide usage wi thin New Brunswick i5 poorl y docurncntr.rj 

and had to be approximated by indirect methods. 

l' l 

In 1981, for the first time, the geographlc bouncldrjC'!, 

of the Census of Agriculture agreed wi th tho~;e of the CeD',U', 



of the Population at the level of the 153 Consolidated 

Census Subdivisions (CCS). 

The Census of Agriculture collects data pertaining ta 

land under cultivation in each province. The total 

agricultural acreage for each of the 153 CCS within New 

Brunswick as reported in the 1981 Census of Agriculture were 

obtained from statistics Canada and used ta develop proxies 

for agricultural pesticide exposure. 

The degree to which confounding of forestry pesticide 

0xposures by agricultural exposures can be controlled 

depends on the degree of association between present 

agriculturdl practices and activity in the pasto Large 

changes in farming have occurred during the past 2 ta 3 

dccades, including changes in crops grown, their location 

within the province, and the types and amounts of pesticides 

used. ln the absence of comprehensive data it is not 

possible ta estimate these changes in a manner that would be 

useful for this study. However, the Task Force on Chemicals 

in the Environment and Human Reproductive Problems in New 

Brunswick has examined the use of agricultural pesticides 

within New Brunswick and published several reports on 

pesticide exposure [Hatcher et al. ;1983,1984,1985]. 

During their deliberations, the Task Force on Chemicals 

in the Environment and Human Reproductlve Problems in New 

Brunswick considered using several data sources to derive 

indices of agricultural pesticide exposure for their period 

of interest (1970-81) and concluded that crop production 
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figures provide the best available basis for th lS [HùtchC' r 

et al., 1985, pg. 14] • The Task Force combined thcse dùta w i th 

crop specifie quantities of pesticides potcntially applicd, 

as estimated from the amount of pesticides sold within thc' 

province and application rates recommended by the CanùclÏ<ll1 

Crop Guide. They discovered that crop specific ùcrcù~c 

within New Brunswick fluctuated rather dramatically from 

year to year [Hatcher et al.,1984,pg.221). Recause crop 

specifie acreage varied so much, it was decided that only 

total area under cul tivation would be used in this study ,l!; 

the basis for estimation and that the additionùl unc()rt,linty 

regarding the actual appl ication rates of agr l cu 1 tu r,11 

pesticides was too great for data to be incorporùtcd intu 

the indices developed. 

The agricultural activlty index was there[orc 

calculated as: CCS area under cul ti vatlonjCCS land il rCd. 

IV. DEVELOPMENT OF OUTCOME MEASURES 

A. Geography 

Not aIl records within the New Brunswick Tumour 

Reg istry perta in to New Brunswick res idents. 1'ù rt 01 th,· 

standard geographic code used by the Tumour Rcgistry 

identifies the province of residence. One hundrcd and 

seventy-three records of cases with residences outsidc of 

New Brunswick were exclllded from the analysis. lIinety-ni f'1(~ 
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records with missing standard geographic codes and 21 

records of New Brunswick residents with localities coded 

unknown were also excluded. Therefore, assuming aIl records 

with missing standard geographic codes as New Brunswick 

residents, 120 or 0.99% of the total New Brunswick cases 

received were lost to analysis as a result of missing 

geographical data. 

Only non-city cases were retained for analysis. 

B. Topography and Morphology 

Not aIl of the analysable non-city cases pertained to 

malignant tumours. Seven hundred and seventy-two records in 

which the topographie code indicated a benign tumour or the 

morphology behaviour sub-code indicated carcinoma-in-situ or 

benign were excluded. Ninety percent of these were for 

neoplasms of the skin and cervix. AlI of the remaining 

cùscs were retained for analysis including 79 cases with 

uncertain behaviour and 622 cases for which no morphological 

datn was recorded. AlI New Brunswick cases had topograpr, 

codes. 

Four outcome categories based primarily on 

rnorphological data were created. They are as follows: 

a) sarcomas (M880-M899, M902-M934) ; 

b) brain (M935-M957) ; 

c) lymphomas (M9 58-M97 5) ; 

d) leukemias (M980-M998) • 
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Values in brackets are the ICD-O morphology codes 

[WHO,1976] used for each category. AlI records with the 

above morphology codes were classified accordingly. Thp 

topography codes of the remaining cases for which morpholoyy 

data were missing and 19 cases with topography codes 

indicating brain and other nervous system wcrC' lIdd0d ta tilt' 

brain category: 62 cases with topography codes indic~tin~ 

leukemia were added to the leukemia category; 11 cases w i th 

topography codes indicating lymphoma were added to the 

lymphoma category and 1 "bone and articular cartilllge" and 2 

"connective and other soft-tissue" neoplasms were adùed to 

the sarcorna category. 

AlI remaining records that had been coded for 

topography using the 8th revision of the Internation~J 

Classification of Diseases [WHO,196B] were eXélmincd for 

cornpatibility with the 9th revision of the Internation~L 

Classification of Diseases [WHO,1975] uSlng a convcrsion 

list supplied by D. Wigle of the Laboratory Centers for 

Disease Control of Health and Welfare Canada (See Appendix 

II) and when necessary, sjtes were grouped ta ensure 

cornpatibility. 

The result of the process described above was to crC<lte 

an exhaustive and rnutually exclusive set of outcome 

categories that cornbined bath topography and morphalogy. 



V. DA'fA ANALYSIS 

A. Preliminary Analysis 

'l'he appropr iateness of amuI tipI icati ve model of 

causality versus an additive one was evaluated by fitting 

cach model to the study data. This was done to determine 

which causal modei best fit the data. The multiplicative 

mode] was found to have the smallest deviances for aIl the 

si tos examined and therefore was chosen as the basis for 

d i1t (1 a na lys i s . 

ThC' effectivencss of the indirect method of age 

~;t,lndd rdi zation used in this study was eval uated by using 

binomial rcgression on the age group, sex specific data. 

Mode l s were f j tted using age group, treated as a factor, and 

"pr,lY exposure, treated as a continuous variable. The sex 

!-';pCCl tic agc-adjusted relative risks from the binomial 

rcq t C>5S ions were compared to those from the Poisson 

rcqrossions. 'l'he relative risks from each type of 

1"c'11'oss ion wcre found to be in close agreement, thus 

~~lIppol-ting the conclusion that age standardization was 

('ft cct ive. 

Thc 11 age groups available for analysis were regrouped 

lnto the following 3 broad age categories: 1) 0-19 yrs., 

;') 20-54 yrs., 3) 55 and up. The new 3-category variable 

WdS incluc1ed as a factor with exposure measures, in binomial 

models w i th age groupjexposure interaction terms, and 
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binomial models without the interaction term~~. 

done to determine whether the effect ot (,Xpl1~,lll'l' Li 1 t t l' 1 l'Li 

across age groups. The inclusion of those 111tl'I'dl'tio!1 tl'll:l:; 

did not significantly improve the flt. Tt \,d:~ thl'll'Iut't' 

concluded that exposure effects, if any, won' nut I11ndÎ t Îi't! 

by age. 

B. Initial Oatù Analysis 

Initial data analyses involved the Ch-ll'd('t('l l:dt 11111 III 

the Ney, Brunswick population in tcrms of: d) tI1lJ:.t' I,\('f \JI, 

that could potentially confound ci1nccr/~,pr'<Îy ,j',',I)('loIt 1<'11"1 

b) forestry spray exposurc 1 c) calIce r 111L id. 'Ill 'l'; d 11< 1 

examined the degree to y/hlCh thcsc vilrl,tld,':; "';, l'" 

associated. This step was intended to in'v'v:~t l'l,tt f' 'IJIJI,t III 1 

or not these factors behaved as expcctf.'d él nel vIol'. tn 

facili tate Lhe interpretation of rcsu lb f rom th,· 

mul ti variate analysis. 

c. Poisson Regression Analysis of Indin'cLly 

Standardizcd Incidence Ratios 

Methods for the analysis of observ0d ;lnd (/f)('d (tj 

values within the context of mu l tipI l CLlt i v'.-' mod(·]·. J Il 

epidemiology are weIl developed [Breslovl et rll.,l');;lj. 

Unlike regular regression, Poisson regr0'-,', 1 '~n rjrj(-:, nrJL 

assume equality of variances for each indr:p(~nrj('nt '/.Jrldt;j" 

l\ " 



j n the model. Variance is defined to be a function of the 

population rncan, estimated from the sample means, and can 

therofare vary dlong the x axis. 

Po isson regress ion represents a weighted ana lyses 0 f 

observational units in which the weight is proportional ta 

the size of the unit. This is a particularly desirable 

t 0.1 turc i nsaf il r ùs the population unl ts for the current 

anJ lys l sare h ighly variable wi th respect to size. 
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The cacf f i Clcnts generated by the Poisson r.lOdel are 

lnterpretable as estimates of standardized risk ratios ,·:hen 

the muùel provHlcs a good fit ta the datLl [F'rome,1934,pg.14]. 

ÂCJl::/scx speciflc rotes wele calculated for each of the 

\~hile the 

~; t ruclu n:-- 01 thC'~,c da tLl permi tted stand;) rd I:::;) tIan us 111g th(~ 

dl rv(_'t lllcthocl, the numbers ln many of the age/ se>:/ 

mun 1 C lrd li ty strLltJ were small and would have led to the 

C,I l cu 1.\ t 10n 0 [ l ates w i th 1 arge variances. The indirect 

lllC'thod r l'leiss, 1973J was therefore used. These two methods 

,) rc known ta bc in agreement under most cond i tions. 

l'I-,-'11Il1inary éînalyc,cs wcre carried out and indlcated a high 

dl'( 1 l'CO 0 j L'oncordclnce between the estimates generated by 

t'cll'h 01 th('~;(' mcthods. 

Poi~~son rcgression was used ta obtain risk ratio 

(,,-.t i m,ltcs of the effect of spray exposure on cancer 

il1c idcllCC, controll ing for potential confounders. This 

t C'L'hn lLJUL"' is an extenslon of that used tor the analysis of 

"t,1l1d,1rdlZed l110rtality ratios and is d8scribed in detall by 



Breslow et al. [1983]. Parameter estima tes Ive> 1"(' obt ,} 111<'d 

using the Generalized Linear Interactive Modl'lllnq Pl"Ll\jl.\r,l!~lt' 

(GLIM) for the PC; Release 3.77 (Paync,19~~r)J. 

Data analys is was carr ied out on the OIJ~~L' 1 v,'d ,111,1 

expected values of the 254 observatiol1<11 unit!~ (nUl1-('lty 

municipalities) in New Brunswick. 

Colinearity amonCJ explùn,ltory V(lrl,1bll"~ 11.\:, \l""ll 

demonstrated ta result in a destabilL~dt Ion Dl t",t 1 III lt 1,1 

coefficients and thelr standard crror!..> [CI1,ltll'1")t'I' ,11\11 

Price,1977,pg.J43j. This instdbility is L' •• ,pl·t,:~,,('d t!11(H11,t1 

dranatic changes in these p.::lrùmcters Wl th th,' j nt 1 ()dlI< t ll,fl 

of ne'tl terms lnto multlVl1riatc st.::ltl~JtlL',11 m'J'lf'!", 'lllt, 

effect of the introduction of ncw tf'rms on cnc·tlll·jt·I11', oIfl'l 

the ir sta ndard errors Wé)5 care ru 11 y mon l ton' 1 <lll r lll'J 

analysis in arder to dctect collncdrltï pro!,] l'JJl'; 1 j pl l" "lit 

D. Estimation of statistical Powcr 

One important question rcgardlng pOW('r tlldt rI" ,j,. (') L" 

addressed in this type of study perté)in:~ to th" !l!"!I!l'lI),j 

of detecting an exposure effect ii one ejo'l'.t' • 1 rI '/ l' "./ r) 1 

the limitations of the avallélblc d,Jt<l lt '.f' ::,', lUI! d:')'1 t)J JI 

small risks would be detected. 

\,tl 

The (tata of this study are limitcd in 2 im[J(Jrt:.tfIL -".t/:,; 

sample size and bias. PO'der deals only \>/Ith u;(· fr;rr:I('!" 

whereas the latter is probably the more irnv.!rtolnt (Jf !.tu: t d') 

as far as its impact on this study. 



The usual power estimates deal only with random error. 

This study, hawever, is subject ta substantial non-random 

crror so that the rcal uncertainty is greater than 

cdlculatcd. In short, the calctllated p-values in this study 

arc too smiJ Il, and the confidence intervals too narrow, by 

unknown amounts. They are, however, still useful as lower 

Luund:;, and l ndi CZl te how much b ias would be needed to 

producc rosults if no éffects are present (by sorne 

:.llbj'·ctlvo proccss). 

~~t,ltl~,tic<ll pO'Ncr 1S influenced by 4 factors: 1) the 

vlllue oi alpha, WhlCh was set ta .05; 2) the size of the 

rt'LltlVC rlsk ta be detected, which was set to 1.5,2.5 and 

'J. 0; J) the toti1l nurnb'? r of observed events; and 4) the 

rd t la 01 tllf-' dcnorn l nlitor of the exposed group to tha t of t:w 

The totLll nU17,ber of observed Events in this 

~; 1 tUd t lon i s dctermined by C3.ncer incidence rates in NeVl 

nrunswlck durlng the pcriod 1977-1980 while the ratio of 

E.:'xpo~~cd to une>:posed denominators will vary according ta the 

l'ho i cc ot cut poi nts on the developed exposure axes. 

(':.t-lm,ltc:~ \"oro cZllculated according to a method describea by 

HIO\"n L1nd G1"('('n [1982J for 2 independently distributed 

'1'1H:' mal n tests of hypotheses in Chapter IV were 

l.:ul1ductcd us i ng a continLlous exposure score. The power 

0~,tim"tes, however, are bused on a dichotomous variable, 

ctCl1tcd by trcating units with spray exposure scores of zero 

<1:; tll1t..~:-.pC)scd and aIl others as exposed. 
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I. INTRODUCTION 

CHAP'rER IV 

RESULTS 

The population of Ne\.J Brunswick CZln hl~ P,)l t It J,lll.',l 

geographically in m.::my VJclyS. The t'.,'o m()'~t 1.'1,'1 t 1111 

partitions (geographic units) useù ln tlll~; ~;tll,l\ ,II' 

settlements and municip~11tjc~. s\~ttl(::m.'llt., \vl'I.' Il'1 

the calculatlon of exposure scorc~. ~;()t t 1 () J1l1' Il t :, ,II l' t III 

l '1 

smallest units for ",hich l-lopulùtion ddt.l dt't' .\\,II1.d,l, Il,! 

permit the most precIse estlmlltJOn ot di,~t 111,1' l'd'd"l 

exposure indices, but the on11' d,ltZ1 publl:',hl d 1 III tIlt' ,l' 

units are their total populLltjon:~. MUlllelf),I]I! )1"'1 11 " '" ,1'1 

can be c!îaractcri zed demogrLlph l Cl Il 1'. 

of New Brunswick with Jts 15 C0nsu~> cJ)VI~;)Otl:, dl!'l 111 1 

distribution of settlements used for ~;pr.jy ('/PI)'.llI l' 

calculations. 

An important feature of settlcmcnt', dnd 1111111)1 1)I,J]11 Il 

is the one-to-one corr-espondencc tu tU'/Ill', 1 VI] l, JI JI", l ,1 J l' j 

cities, which are both scttJC'mcnt~; and 1II11J])(,'I))d] 1 t II III 

other settlements arc groupf;ù into /;Junll_'i)J,lll!II', 111,11 <l'I 

referred to as parishes. 

of towns, villages, and cities in eit[H~'r [J<lrtJl j()fj, "lIj1'll' l', 

only 88.4% of the total lie,J Bruns"/ier. pOfJU!dtlO[1 ',/,1', 

classified to settlements in 1981. 
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New Brunswick is a highly rural provInce with :;.~.~<, 

(365,540) of its population living in settl('mL~J1t!..~ wlth 

populations of less than 2,500 persons. 'l'hi:; f ll)\l!l' l '" "' 

obtained by summing the populations of P,1l.-L;!1L'!;, tll!" \,111,11 

total populations are available, and whosL' sctt lL'lIIl'nt 

populations never exceed 2,500 persons, with thL' popul.lt IO!1"", 

of tmms and villages \vith populations lc~--;!..; th.\!1 ,"d'(). 

Of the 365,540 persons llving in rur;1] <11"(',1'" '11,."1(1 

(25.8%) live in towns or villages while 271,~)'-,O livl' III 

small settlements withln parishes. 'l'he rC'!ll,llndl'r ut t Ill' Ill" 

Brunswick population (330,685) live in LH"lJL' t(" . ."n"1 

villages, and ci ties. 

The New Bruns\oJick population incluLl0~, t'.vl) lllolJ(JI" 

cultural groups; for conveniencc, thC'!;0 <irl' d('!.I'll1olh',f !,) 

their predominant language as English dnd ['n'nLh. Thil t ','-

three percent of New Brunswlc}:ers reportc'cl LIli' J r- mut 1\1'1 

tongue as French and on ly 1. J'~ repo rtC'd the 1 r mnth(' 1 tUll' Jll< ' 

to be other than French or English [st.:lt~~ C.lIldd.l 1:-'J(J;l, 

1982] . 

The French popula.tion within Ul'W Licun~;'I'/J(:y' 1', 

concentrated along the east COé1st <1nd ... 11 thln thl' IltH-rll"1 Il 

regions of the province. Among the pn::uor:llnolllt l ï 1 t' lit II 

municipalitles, 78.6% of the population lIve:.. ln rlll-,t! .U(·,j', 

compared to 42.2 % of the population of prcdornl nrlnt l 'j l.wJ 1 l' ,h 

municipal i ties. 

A higher proportion of persons huv inrJ .It:tc·n(jr~(l 

university are sltuated i-/ithln cities th'Jn ln m(.lrr~ rur,d 



an~(]s. Municipalities in which there are large numbers of 

French alsa tend ta have smaller numbers af persans wha have 

i.1ttended university. 

Predominantly French areas within the province also 

I1dVO h ighcr proportions of persons with law-incarne than 

prcdom inantl y Eng l ish areas. 

Ilndlly, largcr proportions of the populations of urban 

an'olS miqrdtc than do populations in rural areas. Migration 

l', lower within predominantly French municlpalities relative 

tu Cnq l ish mumcipa l i ti es, is posi ti vely associa ted w i th 

1" lllCd t. lon,î! .:1 tLll nmcnt, and is highest where the incidence 

o [ 1 Ow-} neome is l o'west. 

l n ~3tllT'l:1a t'y, there appear to be two fa irl y distinct 

pOf!lllations within New Brunswick. The French live in more 

rut.tl i1tt::'.1S, are less well educated, have lO'der incomes, and 

mi q t.t te lcss thiln their Engl ish counterparts. These tT,vO 

I)(l\llll.ltlOns IDi1y vary with respect to lifestyle, and do vary 

III t('tï,l~, of t!1eir geographic distribution within the 

plOVIllce'. Undefined and unmeasured lifestyle factors may 

i Ill'l e,l~~C or dccrease cancer risk wi thin the French 

P(1!lUL1tion rcLltlve to the English. The coastal location of 

1 tL'nL'!î !jc'tt10n1cnts lS probably correlated wlth lO'.tJ spray 

"':-,Pl)';U l'l' cll1d their ruri11 nilture impl ies a decreased cancer 

Append lX VII contilins the data upon which the preceding 

~~t.lt(,I11C'J1ts arc bi1sed. 
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II. SPRAY EXPOSURE 

As discussed earlier in the Methods sect ion, Li l t fl'n'nt 

exposure indices were developed for DDT ùnd orrl,1I10-

phosphates. The near-distance indices tor DDT ilnd Ol"q,U1l)-

phosphates were calculated in the sùme Wdy i1nd ,Ire the 

simplest and most e3si11' lntcrpreted. il. mclt-t.:' l'()I11~dl'Y ' •• 't l'I 

indices was designed to reflect deposltion dl f 1t'I-t'IH'i", 

between DDT and organophosphùtes. Wh i 10 th i s sC'('ond ( .• 

includes information on more th3n the nOllrc'~t ~~pt,ly 1>ll'( 1 

their measurement unlts are difficll1t to IntC'lpll·t. 

Therefore, the more complex indicos wet"o ll'~c'(1 ullly III tll.' 

final stages of analysis. 

Measures of agricu1tural <1ctivity won"" ('XdlllilH,;j d', d 

possible confounrl i.ng facto r, as many 0 f the f)('!~t 1 C l d(~ 

compounds used in forestry were also used ln îlqricllltllt". 

Near-distance scores for both DDT <1nd orcpnnpho!;fJI1, 1 t ''', 

were calculated by assigning a score of 1 for e.wh yr'dr d 

town, village, or city W<1S within 1 kilometer- ClI onr> or Di'Jlt' 

spray blacks. For other settlements, the settlc:oH'nt 

population was divided by the "knmm" pOpuldtJUll for tll" 

parish within which it is situated. Thcrr:;'orr', 1 rd(;t li)l) 1 j 

scores indicate that part of the parish populatiun ',-/d!, 

exposed and a score of 1 indicates that d11 S(~ttJ L'r:wnL', 

w i thin that parish were exposed. 

calculated by summing scores within municip,.tl itlps (J'J(·r ;111 

years. 

" 



'l'he total "known" population was based on information 

from a settlement file [stats Canada 94-902,1983] whieh 

eontained population data on 88.4% of the total New 

Brunswick population. The use of the "known" (615,350) 

i nstcad of the "aetual" population (696,225) allocated the 

average parlsh exposure to the portion of the population not 

nllocntcd ta a settlement or larger unit. Table 4.1 

doscribes settlements within New Brunswick. 

Different spray score cutoff values were used to 

ex~mine the effect of the ehoiee of cutoff on calculated 

exposure scores. fhis was intended ta insure that the a 

prlori cholce of a 1 kilometer cutoff did not generate an 

Idiosyncratie exposure profile and ta insure that sufficient 

0xposure variability was present. The same approach was 

uscd during the initial stages of model fitting ta evaluate 

the effect of changing cutoffs on spray-related cancer risk. 

Table 4.2 ~ives the distribution of person-years of 

cxpo~ure by formulation, type of municipality, period, and 

di f lL~t'cnt cutoffs. One notable feature of these "one 

kllol1lL'ter" da ta is the absence 0 f exposure for ci t ies, wi th 

l'ho exception of organophosphates for the period 1973-76. 

\v l th 1 cv.; exceptions the populations of parishes are more 

hiqhly exposcd than those of towns, villages, or eities. In 

CjL'!1er,l L, the increases in person-years exposed tends +':0 be 

low (on this numerie scale) up to 2.5 kilometers. On the 
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Table 4.1 1981 New Brunswick Population by Settlement Sl ~c 

Settlement sizes 

AlI Settlements 

1- a Up ta 100 

2. 100 Up ta 250 

3. 250 Up ta 500 

4. 500 Up ta 1000 

5. 1000 Up ta 2500 

6. 2500 Up ta 5000 

7. 5000 Up ta 10000 

8. 10000 & Up 

Nurnber of 
Settlements 

1581 

867 

421 

143 

75 

48 

12 

9 

6 

Total 
l'opUl.lt ion 

615350 (lOO.O",) 

4·t3~31 ( / . 1 :,) 

663,:"'(l (lU. il ,,) 

48290 ( 1 .8 ':,) 

51018 (8. l';,) 

7 J5()() ( l ~ . ()",) 

4 '::i l').! ( 1 • ,1 ',) 

63 ,j 'J'J ( J (). J':,) 

221'jCLj ( 3 f). l':,) 

Source: Place Narne Reference List Estats Camu,} ~'1-')1)~, l()~~ J J 

) ~,i. } .. 1 

',1. ' 

J'., .1. 

l l,j. 1 

l ,;: l). ,1 

l' '1 , 
j ' •• j 

3:: 11, 1 

/ (JI Il).1. 

~ ( ,1 ) ( fi ) • () 
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Table 4..2 Person'Years of Potentlal Spray E~posuÎe (1) by Forrrulatlon, Type of MUnicipal 1 ty, 

Perw:l, and DI fferr"nt Exposure Defini t ions (2) 

Fr), nul il t 1 on, Ty~ of MUniCl pa li ty, 

Peri cd 

Total 

P-Yrs 

Person- Years of Exposure by Exposure \Ji th ln 

o te 0 5 Km. o to 1. 0 Km o to 2.5 Km. o to 5.0 Km. 

DDT, MunlClpalltw..> <2500; 1952-62 2841070 108727 (38%) 123026 (4.3%) 164848 (5 B%) 239052 ( 8.4%) 

DDT, Town<" Village<, è500 up; 

19')2-62 

DDT, CI t 1 c<.; 19~2-62 

DDT; Mun 1 CI pa II t 1 c<; <2500; 1963·68 

DDT, Town'>, Villilge,> 2500 up; 

1963 U3 

DO T, CI tic", 196.5-68 

0, g'lf1opho<.phatc·" Munlclpallt le, 

<i~(jO ; 19M-68 

0, <Jdf1opho',phatc"; Town::" 

2500 up; 1963 hS 

01 'ldl111pho'>ph,ltC<,; CI tiC'>, 

1963-68 

VI II nge,> 

01 qaflopho<,phëlte", Munlclpall t les 

<2500; 1969-72 

01 ~dn(lpho..,phùte<.; Town,>, 

Vllldge'> 2500 up; 1969-72 

01 ~,IIl<'pho .... phi1tc~, Cl tiC'., 

1 ~69-72 

01 ~,lIl1lpt~''''f-'hdtl''" ~U'll C1p~11 t 1 e ... 

«SL1n; 19/3 76 

(lI 'ldflllpho 'r-hatP'; Town" 

V III d'l"'> 2'100 up; 1973, 76 

01 q,1I1tlphv .... ph,ltl", Cl tiC,>; 

1<,)/5 7b 

1143380 3399 ( 0.3%) 12463 ( 1.1%) 21527 ( 1 9%) 4é7?2 {. . 1 ~~) 

2169050 0 0.0%) o ( 0.0%) 174892 ( 8 1%) 174892 8.1%) 

1704642 39256 ( 2.3%) 43514 ( 2 .6~:) 60940 ( 3.6%) 991.26 ( 5.8%) 

686028 6234 o 9%) 6284 ( 0.9%) 9457 ( 1.4~~) 27727 ( 4.m;) 

1301430 0 0.0%) o ( 0.0';) o ( 0.0%) e 7~46 ( 6.7%) 

1704642 6858 ( 0 4%) 7198 ( 0.4::) 8562 ( 0 5~;) 13639 ( 0.8:;) 

686028 3173 ( 0 5:0 6346 ( 0.9%) 6346 ( 0.9%) 631.6 ( 0.9:;) 

1301430 o ( 0.0%) o ( 0.0%) o ( 0.0%) o ( 0.0::) 

1136428 162054 (14.3%) 173981 (15.3%) 202000 (17.8%) 265148 (23.3%) 

457352 75850 (16 6%) 80135 (17.5%) 114755 (25.1:;) 144532 (31.60;) 

867620 (1 o (0.0%) 55767 ( 6.4%) 55767 ( 6.4:-:) 

113&.Zg 161725 (14.2%) 199645 (17.6:0 302787 (26 6:~) 454322 (40.0%) 

457352 70770 (15.5%) 73984 (16.2%) 97508 (21.3%) 195511 (42.7~\) 

867620 121530 (14.0%) 121530 (14.0%) 121530 (14.0%) 273523 (31.5~0) 

---------------------------------------------------------------
(1) ~"'I·.on-yl',lr'> for 1977-80 population liVing ln areù'> exposeddurlng thc tllne perlods Indlc<Jtcd 

(,') C\p'-,..,url' 1/,1'; dcemcd ta have oCLlllrcd for settlemcnt population,; thilt werc I/Ithln these distùnces 

tlml ilt le,ht 1 ';pray black 

S,)tJl(l' Sa .... e..i ùn ~pr.,y dat,l !'uppllcd by Fore"t Protection Ltd. and J.O. l ,'vlng Forestry Produets lnc 



basis of these distributions of person-yea rs expascd, tl1l'rl' 

appears to be little reason for modifying thf' l kilolllCt.L'I' 

cutoff cri ter ion. 

In the context of this study, person-yc,lI ~~ C,1I1 bl' 

deceiving insofar as a few analytical units CLlI1 gcnl'rdtt' li 

disproportlonately large numher cf person-yc,ln;. 

Consequently, the potential for substdnt i<1 l ClJn f llllnd i nt! 1', 

enhanced. Then, i t is bcst ta have risk est LI\\,lll.)~; 01\ 

reasonably large numbers of units. Table 4.1 !Jrl.':;l.'nl:~ tlll' 

cumulative exposure scores by formulation, typl' 01 

municipality, period and cutoff. The overcl11 cOIll'lu!,}(ll1', 

drawn from Table 4.2 are not changed by th .. ~;C' d.1 t..I. 

However, the dL1ngers of interpreting person-yc'dr:; und,'I' 

these C ondi t i ons are high l ighted by the 1. 1 ':. CI f t () t dl 

person-years in column 2, row 2 for towns and vi 1 1,j(Jc)<, tlldt 

is due to the exposure of only 2 tOWI1!::, or v i 11.1<J0~" 1 t l', 

aIs!') clear from Table 4.2 that exposure i5 hirJhly 

concentrated among settlements wlth less than 2'jOO p(~r·;()f1';. 

Approxirnately one third of the New Brun:,I" i cv. popul dt i ()11 

(3l.1%) lives in cities. The concentration of popu],ltinn 

within these 6 analytical units attributc'; ];lI"J!-..' 'Nelqllt-,; tf) 

these points within a regressioD moùe l ilrd 1 UI rc <1:;O!1'; 

largely unknown, city populations, in genc r,Il, hd '/C h i,.1 h(! r 

rates of cancer than rural areas [Fasal et ilJ .,l'JGil;L(·'/III (t 

al.,1960;Teppo et al.,1984J. This indlcdtc~ lhr'! 0fJ'~rdll(JII 

of undefined risk factors within thes0 pOfJuJdtlOn:;. 

.; q 
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Table 4.3 Spray Exposure Scores (1) by Fornulation, Type of MUnlrlpilluy, PCrloci. and Olffcrl'nt 

Exposure Def lnl t ions (2) 

Cunulatlvc Score.; for E"po.;urc, UI thul 

o to 0.5 Km. o to 1.0 Km. 0 t 0 2.5 Km. o to <;.0 "Ill 
ForrruLation; Type of Mumdpallty; Period 

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

DDT; Municlpalltles <2500; 1952·62 85.2 95.5 131 3 191.9 

DDT; TOloms, VILLages 2500 up; 1952·62 1.0 2.0 3.0 B U 

D T; Citles; 1952-62 0.0 0.0 4 0 1. a 

DDT; MUni CI pail t 1 es <2500; 1963·68 37 6 41.8 591. r~3 ;> 

DDT; TOlolns, VIllages 2500 up; 1963·68 1.0 1.0 2 0 (, 0 

DDT; Cities; 1963-68 0.0 0.0 a 0 2.0 

Organophosphates; MUnlClpaL itles <2500; 1963·68 6.7 6.9 B 0 lL9 

Organophosphates; TOllns, VIllages 2500 up; 1963-68 1.0 2.0 2 0 2.0 

Organophosphates; Cl tles; 1963·68 0.0 0.0 o 0 0.0 

Organophosphates; MunICIpaL itles <2500; 1969·72 145.6 156.0 179 Il 2~/.5 

Organophosphates; TOllns, VI LLages 2500 up; 1969-72 13.0 14.0 19.0 2', 0 

Organophosphates; CI tles; 1969·72 0.0 0.0 2.0 2.0 

Organophosphates; MunlclpaLitles <2500; 1973·76 153.4 184.0 269 1. t.[)/ •• '1 

Organophosphates; TOllns, Vi LLages 2500 up; 1973-76 12 0 13 .0 lB.O Yi rI 

Organophosphates; C!tles; 1973· 76 l f) 3.0 3 () 1 IJ 

-- ------

(1) tOlolns, villages, and citles recelved a score of 1 for each yrar that crmform'..j to ,In '_'/pO',W' 

defln1tlon; unlncorporated places recclved a score equiJl to It'_ popLJI"tlrm dl'lId"d by th" 

"knolln" populatIon of the parlsh ln whlch It lias sltuated; th(.",e "COIP'. loIer~ ilrctJllul"t,:d (j'If! 

years wahln each formulatIon, type of munlClpallty and pr:rl(xJ C;ltP<J0ry 

(2) exposure was deerœd to have occurred for settlemcnt population ... tho1t Wf!rf' IoIlthln thf!·.e dl',I",,(:·. 

from at least 1 spray block 

Source: Based on spray data supplled by Forest ProtectIon Ltd. ard J 0 IrVing FrJre'.try Pr'/JlJrl', Ir,( 
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Several possible risk factors used in this study have 

• 1 already been demonstrated ta co-vary with urban/rural 

location. Previous tables indicate a definite association 

between urban/rural residence and spray exposure. with 

their low exposure variability, cities are not useful units 

for the estimation of exposure related cancer risk in New 

Brunswick, 3side from their possible contribution ta the 

precis ion Wl th which zero and near-zero relative risks are 

estimùtcd. The Slze of cities, however, and the particular 

nature of thej r populations provides a basis for substantial 

confounding. A large percentage of the non-city population 

falls in the zero exposure category (Table 4.4) sa that the 

city populations are not needed ta estimate risk at zero or 

low exposures. Overall, the benefits ta precision of 

including cities seem to be outweighed by the danger of 

bias. Therefore and henceforth, analysis is limi ted to the 

non-city population of New Bruns·,oJick. This limitation also 

extends ta the calculation of expected numbers of cancers. 

Table 4.4 contains information on the 1981 non-city New 

Brunswi ck population by near-distance exposure scores and 

scttlement su~es. The average near-distance exposure score 

for the population living within settlements smaller than 

2500 is 0.59 for DDT and 1.49 for organophosphate pesticides. 

In other words this population, on average, was wi thin 1 km. 

of at least one organophosphate spray block 2.53 times as 

of ton as it was ta a DDT spray block. The exclusion 0 ... 

,. 



Table 4.4 1981 New BrunswIck Non-CIty Population by COT, Organop/1o~phat(' For(!~try Spr,w 

Exposure (1) and Urban/Rural Res i dcnce 

Popul<lt ,on 

Total Lcs~ than 2500 2500 01 111"1 l' 

Spray Exposure Score 

DOT 

Total 100.0% (479705) 100.0% (365440) 10l1. o;~ (11(,,'(.',) 

Zero (0) 44.7"1. (214255) 32.5% (118695) 8) 6', (9""Il[1) 

Low (1 down to 0) 42.7"1. (204855) 50.9% (186150) 16 1.% ( WIll') ) 

Moderate (2 down to 1) 4.3% (20470) 5.6:' (20470) o.m~ (0) 

High (3 down to 2) 3.7"1. (17580) 4.8% (17580) O. O~~ (ll) 

Very High (6 down to 3) 4.7"1. (22545) 6.2% (22545) o O~~ (Ol 

Mean MUni c i pa II ty Score 0.55 (254) 0.59 (233) o 14 (1) 

Organophosphates 

Total 100.0% (479705) 100 0% (365440) 100.0% (114?(J~) 

Zero (0) 14.2% (68285) 11.6% (42530) 22 5% (2~ 1')~) 

Low (1 down to 0) 31 .9"1. (153095) 31.6% (1154'i5) 32 7/., ( ~/(J.fJ) 

Moderate (2 down to 1) 34.0% (162915) 34 6% (126620) ~l.e/" ( )1)('1') 

H 19h (3 down to 2) 12.6% (60340) 13 1.% (48930) 10 O'/., ( 11/,1 Il) 

Very Hlgh (6 down to 3) 7.3% (35070) 8.7'1. (31905) 2.8:!. OHM 

Mean MunI c i pa II ty Score 1.48 (254) 1.49 (233) 1.38 «1 ) 

------~ --- - -

(1) based on 0·1 km. exposure defln1tlon with all el'p::>'iure years cCflltJlned 

Source: 1981 New Brun!>wlck populatIon (Stats Canada E'562,19821 

Spray data supplled by Forest ProtectIon Ltd. and J.O. 1 fl1ng Pr r ...... Juet·, Ltd 



cities does not affect the association between spray and 

urban/rural residence. The urban/rural differences are most 

striking for DDT where only 32.48% of the population of 

small settlements has never been exposed compared ta 83.63% 

for large settlements. 

A second set of exposure scores, medium-distance 

indices, W3S developed separately for DDT and organo­

phosphates bec~use there are possibly important aspects of 

exposure that are not captured by near-distance indices, 

including exposure from more than just the nearest spray 

block and exposure beyond one kilometer. AIso, the method 

used for the calculation of medium-distance DDT scores was 

different from that for organophosphates. 

AlI DDT spray blocks within a radius of 5 kilometers 

were used in the calculation of medium-distance spray 

scores. A score was assigned ta each settlement whose value 

w~s calculated to lie on a straight line between 0 and 5 

kilorne~crs and whose range was 1 to O. Thus, settlements 

situated 5 kilometers (or more) from a spray block, received 

a score of 0 whereas a settlement within a spray black 

rccclvcd a score of 1. The values were then accumulated 

ovcr spray blacks and years within municipalities. 

The method of calculation of medium-distance scores for 

org~nophosphate differed from that for DDT in that spray 

blacks within a la kilometer, rather than 5 kilometer, 

radius were used and scores calculated to vary with the 

inverse exponent of distance. The scores were accumulated 

83 



in the sarne fashion as DDT. The larger radius was used 

because differences in spray methods caused organophosphJtc 

sprays to drift further than DDT sprays. 

DDT was used extensively in agriculture ëlS well ,lS in 

forestry, and although fenitrothion, the most commonly uscJ 

organophosphate pesticide in forestry, has not been ll~;C'd i Il 

commercial agriculture, many other simildl" compollnd~; 11,1\/1' 

been used. Agriculture is carr ied out in cl c,u"cd d t"C',l~; 

within New Brunswick, so one might expect popuL"lt ion 

exposure to agricultural pesticides to vary inversely w i t"1l 

exposure to forestry sprays. Table 4.5 supports th i~; 

premise. Agricultural activity is defined as the pcrcc~nt"<JI' 

of land within consolidated municipalities tl1ùt 15 unJer 

cultivation. Consolidated municipal i ty scores were app l i pd 

to aIl municipal i ties w i thin their bounda r ie~-;. Th is LI b J C' 

indicates that the percentage of populùt lon Wl th expn:;t! n' tri 

DDT from forestry uses, deflned by the l kilometer rulf', 

declines as the percentage of land in agricultural 

increases. The tendency is most notable in terms ol mC:dll 

municipali ty scores. The association for orrj<lnophm,phd t(". 

is not so strong. 

Table 4.6 indicates that predominantly ~nglish 

communi ties are more highly exposed than predominant 1 y 

French communities. 
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Table 4.5 1981 New BrunswICK Non'Clty PopulatIon by DDT, Organophosphate Forestry Spray Exposure (1) 

and Agrl cul tural ActlVlty (2) QuartIles (3) 

PopulatIon by Agrlcultural ACtlvlty 

Total Quart Il e 1 QuartIle 2 Ouart Ile 3 Qunrt Ile 4 

Spray E)(po~ut~ Score 

DDT 

Total 100.0% (479705) 100.0% (107590) 100.0% (115120) 100.0% (117125) 100.0% (139870) 

Zelo (0) 44.7"1. (214255) 38.1% (40995) 34.0% (39125) 465% (54430) 57.0:; 1797(,5) 

Law (1 down ta 0) 42.7"1. (204855) 38.6% (41495) 53.7% (61860) 39.7"1. (46545) 39.3% (54955) 

Model ate (2 down to 1) 4.3% (20470) 5.6% (6055) 4.1% (4730) 6 3% (7370) 1.7% (2315) 

Hl gh (3 down to 2) 3.7"1. (17580) 10.3% Cl 1050) 0.0% (0) 4.2% (4885) 1.2:: (1645) 

Very Hlgh (6 down to 3) 4.7"1. (2251.5) 7.4% (7995) 8.2% (9405) 3 3;; (3895 

Mean MUn! c 1 pull ty Score 0.55 (254) 0.84 (64) 0.60 (63) 0.54 (63) 0.23 (64) 

a' g.1nopho"phate~ 

Total 1 00 . 0% (479705) 100.0% (107590) 100.0% (115120) 100.0% (117125) 100.0:: (139870) 

2", 0 (0) 14 2% (68285) 9.2% (9895) 17.7"1. (20375) 22. 5~: (26295) 

Low (1 do,",n ta 0) 31. 9"1. (153095) 33.3% (35845) 34.0% (39095) 31.1% (36420) 

MOlkl ate (2 down to 1) 34.0% (162915) 26.9% (28990) 31.3% (36025) 31.9% (37410) 

High (3 down to 2) 12.6% (60340) 15.4% (16615) 7.1% (8130) 11.8j: (13810) 

VPI'V HIgh (6 dOlIl1 ta 3) 7.3~: (35070) 15.1% (16245) 10.0% (11495) 2.n: (3190) 

Me .. n MUIl! c 1 p.lll t Y Score 1.48 (254) 1.72 (64) 1.42 (63) 1 32 (63) 

(1) b.l~ed 011 0,1 km. expowre ddlmtlon wlth aIL expo~ure years comblned 

(2) pelcent<lgc of lm'ld undcr cultlviltlon by consolldated census sut:dlvlslon Jpplled ta aIL 

nUnlclp.:!lltlcs wlthln thclr llmlts 

(3) quartiles wcrc c.::llcu{iltf'd hy ranklng value~ and estû!;IIShJn9 class boundJrle5 

ta pl'ovlde about 25% of the 254 numc'palltles ln each of 4 cla~ses; quartile is low 

SL'lJICC' 1981 New Brun",wlck non-City po~latlOf1 [Stats Canad(l E'574, 1983). 

SPI (ly datJ "upplled by Forest ProtectIon Ltd_ dnd J.O. IrVIng Inc. 

Agrlcultur<ll Actlvlty d<ltù obtùlned from 1981 Cens us of AgrIculture. 

8.4:: (11720) 

29.8::(41735) 

43. 2~: (60490) 

15.6?: (21785) 

3.0', (4140) 

1 .46 (14) 



Table 4.6 1981 New Brunswick Non-CIty Population by DOT. Organopho~phatc forc.,try 

Spray Exposure (1) and Language/Cul ture (2) 

Total French ~"<J 1 1 ,h 

Spray Exposure Score 

---------_._----------------------- ----

DDT 

Total 100.0% (479705) 100.0% (184880) 

Zero (0) 44. -rI. (214255) 50. lX (92645) 

Low (1 down to <J) 42. -rI. (204855) 47.7'1. (88150) 

Moderate (2 down to 1) 4.3~~ (20470) 2.2% (401\5) 

Hlgh (3 down to 2) 3.7"1. (17580) 0.0% (0) 

Very H19h (6 down to 3) 4.7"1. (22545) 0.07. (0) 

Mean MUni C 1 pa 11 ty Score 0.55 (254) 0.17 (85) 

Organophosphates 

Total 100.0% (479705) 100.07. (18488rJ) 

Zero (0) 14.2% (68285) 17.07. (31380) 

Low (1 down ta 0) 31 . 9% (153095) 46.27. (85350) 

Moderate (2 down to 1) 34.0% (162915) 32.9"1. (60905) 

Hlgh (3 down to 2) 12.6% (60340) 3.9'ï. (724'1) 

Very H19h (6 down ta 3) 7.3% (35070) 0.0% (0) 

Mean MUnl CI pil 11 ty Score 1.48 (254) 0.97 (83) 

(1) based on 0-' km expo<;ure dcfln1tl0n wlth aIL c/posure y~ar'. uJlrtJlr1,«j 

(2) greatcr than 50% of rrlJr1\clpal population 

Source: 1981 New BrunswIck non'clty p:lpulatlon [Stuts Canada E·574. l'ie3J 

Spray data supplled by Forest ProtectIon Ltd and J.O. IrnnrJ IrK 

lIIUt). (.'<).,!l.",) 

41 ;'''. ( 1211,111) 

39 tJ'. ( 116,'11',) 

~ 6'~ ( ltJ)!','J) 

tJ ('. (1,"',1'.11) 

1 /, ", (;>,"),.I}) 

() lit ( 111 ) 

lUI) (j,: (." ", .'~. ') 

,? rJ I~ ( ~t/;(JIJ) 

2\ Oï:. (t, 1 Il,',) 
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11\ rJI.. c (J ~r J't"J J 

11 n (5 ') fJ IIJ) 

1 7~ (1 Il ) 



Table 4.7 shows that as educational attainrnent 

increases, forestry exposure to ei ther DDT or organo­

phosphate exposure decreases. Table 4.8 shows that the 

inc idence of low- incorne increases w i th organophospha te 

exposure, and slightly less consistenti.y for DDT exposure, 

and is therefore consistent with the findings for urban/ 

rur;)1 residcnce and educationùl attainment. 

Thore appeùrs ta be a neCjative assoclation between 

migration and DDT exposure, and a positive association 

between m.l.grati on and organophosphate exposure (Table 4.9) . 

III • ~/\NCF.H INCIDENCE; NEW BRUNSWICK TUMOUR REGISTRY DATA 

Déltil on new cases of cancer for the period 1977-1980 

was suppl ied by the New Brunswick Tumour Registry. Table 

".10 shows the d.l.stribution of the 12,288 cases received by 

their J digit topographical label. Cases for the 1977-1978 

pet" lod were class i f ied accord ing ta the e ighth revis ion of 

the International Classification of Diseases (lCD-8); the 

9th revislon WclS used during 1979-1980. Sites were 

rcgrouped in all cases where topographic codes for the sane 

site differcd between versions. These differences were 

ldcnti fiod using a conversion table suppl ied by D. Wigle 

(Seo Appendix II). The site labels used in Table 4.10 are 

prcdorninantly but not exclusively those of version 9 of the 

[CD. The unmodi f ied term "bladder" refers uni formly to the 

urin.:1ry bladder; gallbladder is always so specified. 
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Table 4.7 1981 New Brunsw1ck Non'C1ty PopulatIon 15 Years and Over by DDT, Olg,mophü'ph.lte FOI",IIY 

Spray Exposure (1) and Educat10nal Atta1nnent (2) Quartllc~ (3) 

----------------------------------------------------------------- "- ---------------
Populat1on 15 Ycar!> JJ'ld OVCI' \Jlttlln ldur.ltl')!l.11 Alt.111111'·I)\ 

Total Quart Ile 1 QuartIle 2 Qu.lrtllc3 Cll II t Ill' .. 

Spray Exposure Score 

DDT 

Total 100.0:: (351685) 100.0:: (73400) 100.0:: (81:,(10) 1LlLl LJ; (lIiI.""l) H'l' ,l, lll. ' .. ) 

Zero (0) 45.3% (159380) 22.3% (163901 30.5% (24830) 42 3 " '. (~399'1 ) 

Low (1 down to 0) 42.2% (148445) 55 0% (40340) 59.7"1. (48610) (.5 f)"' ( St>IN',) 

Moderate (2 down to 1) 4.2% (14865) 7.n: (5640 ) 6.8:: (557, ) 1. < , 
1. ( )//;11) 

HIgh (3 down 2) 3.5% (12395) 6 8:: (4975) i 5% (12·.0) l', (IL ',) 

Very Hl 9h (6 dO'" to 3) 4.r,: (16600) 8.2:: (6055) 1.4% <114') ) 7 1" ('d,PI) 

Mean MUnlClpallty Score 0.55 (25") 0.76 (64) 0.54 (/;:) o ';1) (III) 

Organophosphates 

Total 100.0·: (3516e5) 100.0% ( 73400) 100 . 0% (B 141 Il) ) lOI) {J/ (BO, 'J';) 

Zero (0) 14.4% (50780) 6.1% ( 4(70) 5.9% (4e~u ) ?I l,X ( W'/I,fI) 

Low (1 down to 0) 32.1% (112720) 30.1% (22125) 38.9% (3 ~ 1.11 r ) ?~ .i" ,- (;>rd ~(J) 

Moder ate (2 down to 1 ) 33.7"1. (118440) 41.6% (30540) 37 9% (308/0) "lI, l'" " 1I1~ 11)) 

High (3 down to 2) 12.5% (43915) 9 7% (7150) 

Very H1gh (6 dcwn to 3) 7.3% (25830) 12.4% (9115) 6,8X (55r'.i) Il /,/ ((, (1~IJ) 

Mean MUnlclpallty Score 1.48 <:54) 157 (61.) 1 UJ (63) 

(1) based on 0·1 km. e,po,>ure deflnltlon wlth all eyp)',ure yC<Jr", caflbln.'rj 

(2) proportion of per~ons who atterded unl'/er';l ty ln the tot .. ll popul.Jt l'Al 15 'JI 'Jl<J'i 

(3) quartIles were calculated by ranKlng values and e~tabll<;hlng clil'.'. b'~J"J,jr Il'', 

7;' ~) ~ (l\I.lb'I) 

:'u l'; (.' \ .Ill) ) 

Il li: (n) 

, l, , (l, l" ) 

(1'", 

Il 1.1 (l,'. ) 

11 JI) '1 (11/', ,'1) 

1 'f ~1. (/ .JIJilf) ) 

~~ , /, (~fYJ.1J ) 

~q 'd ( ~',',,' 1 J 

1/ (1. ~I ' 

ta provlde about 25% of the 254 fTUnlclf:.iJlltleo; ln each of 4 cIa','.e'., qUi,rtll .. 1 l', l,)>/ 

Source: 1981 New Brun~\l1ck non cIty p)pulatlCon [Stats C"nada E-574,1?iBJ 

Spray data supplled by Fore'.t Protectlon Ltd and J.D Ir'IIr1'j Irlf 



Table 4.8 1981 New BrunswIck Non'Clty POp.!lation by DDT, Organophosphate Forestry 

Spray Exposure Cl> and Incldenc~ of Low-Income (2) QuartIles (3) 

89 

POp.JlatlOfl I/lthln IncIdence of Low-)ncome 

Total Quart Il e 1 Quartl le 2 QuartIle 3 Quartl le 4 

SpriJ" Exposure Score 

DDT 

Total 100.0~. (479705) 100.0r. (131395) 100.0r. (135070) 100 0% (12';695) 100.m: (87545) 

Zero (0) 44.7"-' (214255) 47.1X (61830) 60 .9% (82325) 33.n~ (42350) 31.7% (2nSO) 

Law (l down ta 0) 42.7"-' (204855) 40.r-, (53475) 33.2% (44825) 51.2% (64410) 48. n: (421 .. 5) 

Moderate (2 dawn ta 1) 4.3% (20470) 4.0% (5300) 0.0% (0) 4.0% (4970) ll.n: (10200) 

HIgh (3 down ta 2) 3.7"-' (17580) 7.9% (10355) , .3% (1750) 3.0% (3830) 1.9~: (1645) 

V/r y H 19h (6 dOlln to 3) 4.7"1. (22545) 0.3% (435) 4.6% (6170) 8.1% (10135) 6 6:: (5805) 

MC'.ln MunlClpallty Score 0.55 (254) 0.50 (64) 0.35 (63) 0.65 (63) 0.70 (61,) 

Or gdnopho·,phatc~ 

Total 100.0~: (479705) 100.0% (131395) 100.0% (135070) 100.0% (125695) iOO.O~: (87545) 

{ero (0) 14.2% (68285) 17.6% (23095) 15.9% (21475) 9.3% (11640) 13.8% (12075) 

Low (1 down to 0) 31.9'7. (153095) 32.9% (43245) 37.9% (51245) 29.2% (36735) 25.0~: (21870) 

M,'<lcr(lte (2 down to 1) 34.0% (162915) 32.5% (42715) 30.5% (41230) 33.3~; (41820) 42.4% (37150) 

lilqh (3 down ta 2) 12.6% (60340) 12.3% (16130) 6.8% (9165) 20.9% (26225) 10.1% (8820) 

V.'ry High (6 dl'\oIn to 3) 7.3% (35070) 4.7'1. (6210) 8.9% (11955) 7.4% (9275) B.7% (7630) 

M".1I1 Munlclp.1llty Score 1.48 (254) 1.36 (64) 1.41 (63) 1.54 (63) 1.61 (64) 

(1) b.l,,,d on 0-1 ~m. cxpo'ure deflnltlon wlth aIL e,.;posure years comblned 

(2) e~pNlt.l1turc" for food, clothlng, ùnd shclter exceed the average level for the reglon 

of re$ldence by ilt ICilst 2œ: 

(3) quartile>; \olNe c.Jlculated by rilnklng values and establlshlng class boundùries 

to provld" at'Out 25:: of the 254 tllJn1clpalltles ln each of 4 classes; quartile 1 IS low 

S,'urel' 1981 Nc\oI Brun$wlck non'cny populatIon [Stats Canada E-574,1983] 

Spray data suppllcd by Fore~t Protection Ltd. and J.O. lrvlng lnc. 



Table 4.9 1981 New Brunswick Non-City Population by ODT, Organopllo,ph.lte f c" "'try 

Spray Exposure (1) and MigratIon (2) Ou"rt Ile, (3) 

Population \JI thln Mlgr.lt Illl1 

------------------- --
Total Olk1rtlle , OUilrt Ile 2 OU.lI t 11.' 1 

Spray Exposure Score 

DDT 

aH'" {Ilt' •• 

Total 100.0% (479705) 1000;: (',,355) 100.0~ (115b.'l'» 1l,llll". (1.'.'II'lll) 11',1" ll',,1 ') 

Zero (0) 44.'" (214255 ) 35 3:: (39325) 34.0~ (39365 ) 1,7 lX ('j ,.4/0) 'J\) ~ ~ , ( ,':~Il (,Hl 1 

Law (1 do IOn ta 0) 42.7"1. (204855 ) 1,5.6:; (50765) 52 _ 1 ~~ (60275) 1.' d, (; 7Pt,',) , , 1 ( ~I/;,Id l ) ( 4. . , , " 

Moderate (2 down ta 1 ) 4.3% ( 20470) 10.5% (11700) 2.5% (2900) /" ,. (W,'ll) ~ Il. (sr)\!) 

Hl gh (3 down to 2) 3. r;~ ( 17580) o 0'; (1J) ~ .s~~ ( I.")U) " (1,""11) '1 " . r (1." " 1 

Very High (6 down ta 3) 4. r;~ (225~5) 8 6:: (9"b5) e b" ('1WI', ) ? 
, ( SIlH 1

,) 1) 1 (l,) ,. '" 

Mean MUni C 1 pa li ty Score a 55 (254) 066 (64) 0.15 (61) 

Organophosphates 

Total 100.0~~ (479705) 100 0% (111355) 100.0% (11568'» 10n 0% (l,'2rJ'lf) 1110 1)/ (1\1)',/') 

Zero (0) 14 2~: (68285) 198% (22100) 9.0% (10405 ) Il 1% ( /4\1) 
'" 

0' (, (/}~ ~' ,f J ) 

Law Cl down ta 0) 31.9'1. ( 153095) 26.5:; (29510) 38.9% (I.4?BO) 41 ,,' 
'" 

(r, [JI, lfJ) il l, ' (.J,~ 1 '1') ) 

Moderate (2 down to , ) 34 0% (162915) 384% (42755) 34 _ 4 Y. (391l4,) ) I,n r /., (1,90',) 7\ 1,'/ (~fJ'/lrJ ) 

Hlgh (3 down ta 2) 12.6% ( 60340) 7.5% (83135) 9 8% (11)',0) f, rJï., ( /51. 11) 7', ''; ( ~ j,' 1 f 1 

Very High (6 down ta 3) 7 3% (35070) 7.7% (8605) 7.9% (910';) 'j 91. ((HlC, ) , I~/ ( 1I11/', J 

Mean MUni CI pa 11 ty Seo re 1.48 (254) 1 36 (64) 1.40 (63) 

(1) based on 0-1 ~m. e)(po~ure dcflnlt10n wlth aIL eJlpo<,ure (r!iJr') C(.JI~J1nt!d 

(2) persans liVing ln a dlffercnt rrunlclpallt( ln 1981 from that ln l'il/'., 

1 I,{, «(, ~) 

(3) quartiles lIere calculated by ranlClng \laluc~ ;,nd c',tabll~hlng cla',', rhu .. J,JlIf". 

to pro\llde about 25% of the 254 rrunl Cl pal 1tlC<, ln each of 4 cId'.'.'''; '1J,,'tl\(: 1 1'.Ir,w 

Source: 1981 New BrunSWick non-cIty pop;latlon [Stat', Cdnada E-574,,(,e~J 

Spray data supplled by Forc',t Prr,tectlon Ltd. ;mrj J D. Ir/ln'l !c,r: 

, (1) (1,1,) 
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Table 4.10 New Brunswick (N.B.) Tlm>ur Registry Cases by Site (1) and Disposition, 1977-1980 

New BrU'lsw i ck Cases 

Not N. B Cases 

or Hissing 

N.B. 

Codee! 

Parishes, Towns 

Citles and v1llages 

A Il Cases Geograph i c Code 

SIte (ICO-9) 

Ali S !tes 12288 

Benlgn 24 

80l1e & ArtlClllar CartIlage 36 
BraIn & ather Nervous System 197 

Bren~t 1017 

Colon 915 

ConnectIve & ather Soft TIssue 77 

E~ ~ 

Fefllale Genital 1156 

GlIllbllldder 63 

IIctllnt0i>0letlC & Retlculoendothellol System 215 

Hypophnrynx 13 
III-DP( Hlcd Cancer 363 

Lm yllx 103 

L Ip 117 

L Ivrr 49 

Lylfll~lntlC & IIcllIntopoletlC Tissue 322 

Mclnm.clld of the :,kln 68 

Mûuth 52 

Nao."l, Ml(kllc Ear, Slr1USCS 18 

Naooopll.lr ynx 17 

Ncopl w.nI of Un~pcc 1 fI cd Nature of Uterus 564 

Not Cnn, ('r 8 

Opo.Oph.lqU<., 70 

Or ophnr }'T11\ 30 

ather 1\ III Ocf. Llp, Oral Cavity& Pharynx 1 

Other .lrld III oct. DIgest. Organs & Per i t. 25 

Olher ll1docrlne Ilnd Relatcd 14 

Pancr ('.1', 258 

Prrll" & Otller Male GenItal Organs 16 

Pro<.ldt!' 697 

Rectum, R'i JunctlO/l ard Anus 445 

Rctro~)('r 1 tOI1CLJn & Perl tonClIT1 15 

Sollvar y GLlfld... 33 

~~In ather 2963 

SII~lll 1 nt eq t lflC 20 

Stoll~lCh 415 

Tl',lr.., 32 

Thyrold Gland 77 

T \l/lgue 28 

Trncheil, Blonchus, lung, Pleura, Thymus 1129 

Uflnory 601 

272 

o 
5 

26 

20 

2 

24 

5 
9 

1 

10 
5 

3 

10 

o 
1 
7 

1 

o 
o 
o 
2 

o 
3 

o 
25 

15 

o 
1 

45 

o 
6 

o 
o 
o 

27 

14 

Unknown 

21 

o 
o 
o 
1 

1 
o 
o 
1 

o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
2 

o 
o 
o 
o 
o 
o 
2 
o 

o 
o 
8 

o 
1 
o 
o 
o 
1 

1 

4696 

11 

14 

64 

425 

361 

29 

6 

451 

20 

82 

5 
144 

37 

25 
18 

129 
31 

23 
5 
3 

248 
3 

30 

17 

o 
8 

5 

86 
9 

229 

166 
6 

10 

1112 

9 
135 

17 

28 
13 

433 
249 

(1) 1CO-8 wn~ u-;ed for 1977-78 000 ICO-9 for 1979-80; s1tes were grouped where necessary to 

rno;urc ccrrpt1t 1 bIll ty 

Sourer. New BrunswIck Turour Re91stry (1977-1980) 

7299 

12 

22 
128 
565 
m 

46 
18 

680 
38 

124 
7 

209 
60 
91 

28 
183 
36 
28 
13 
13 

307 

4 
40 

13 

1 
15 

9 

167 
7 

442 
263 

9 
22 

1798 

11 
273 

15 
49 

15 
668 
337 



Of the 12, 016 New Brunswick cases, only . l~ "0 (N=21) 

could not be si tuated geographically w i thin the prov inc:c. 

Not aU of the cases received from the relJistry 

pertained to mal ignant tumours. AlI cases in \vhich eitlwl" 

the topographie code or the morphologie bchav iour sub-code 

indicated a non-malignant neoplasm were excluded. The 

effects of these exclusions for each site cl re li sted in 

Table 4.11. As discussed earlier under "Sprily Exposuro", 

only non-city populations will be analysed. 

Notable among the exclusions are thosc for [CIl';) 10 

genital tract, unspecified uterus, and "other" skJ 1. or tlH' 

613 combined exclusions from female genl tùl and neopll1sll1:; 0 t 

unspecified nature of the uterus, 608 were cLlrcinoma in situ 

of the cervix uteri and the rernaining 5 were clùssif ieù ù~; 

benign wi thin the ICD-8 general rubric for m1111gnan t. 

neoplasm of genitourinary organs (180-189). Thc siCJnific­

ance of a 4.6% (N=83) rate of exclusion for tumours 01 the 

category "skin other", and with benign behélviour is 

difficult to assess. 

Finally, a system for the classification of cancer 

cases involving rnorphology and topography WilS used to 

regroup cancer cases into an exhaustive set 0 f mutui111y 

exclusive classes. The new site classi f iCJtion is l i stod J n 

Table 4.12. The categories: brain, leukemiil, l ymphoma, and 

sarcoma are based predorninantly but not excl us i '/oly cm 

morphology using the following ICD-O codes: 



Table 4.11 1977-1980 New Br\XIswlck Non-CI ty Tlll10ur Reglstry Cases; Regrouped by 

51 te arc! 5tatus (1) 

SI te 

Al! 51 tes 

Beni gn 

Bane & Art Icular CartIlage 

BraIn and Other ~ervous System 

Breù,>t 

Colon 

Comectlve & Other Soft TIssue 

Eye 

ren,lle GCnl tal 

Gallbladder 

HcrnatopoletlC & Retlculoendothel ial System 

Hypopharynx 

Ill"Ocf 1 ned Cancer 

lùrynx 

l1p 

L Iver 

LyrrphatlC & Hematop::l1etlc TIssue 

Mc l anoma a f the Sk ln 

Total 

7299 

12 
22 

128 

565 

533 
46 
18 

680 

38 

124 

7 

209 

60 

91 

28 

183 

36 
Mouth 28 

N.l',i1l, Mlddlc Ear, Sinuses 13 
Na,>oph;:wynx 13 

Nc()plil~rn of Un~peclfled Nature of Uterus 307 
Not Cancer 4 

Oc~ophagu', 40 

Orophar ynx 13 

Other & III Ocf. L Ip. Orùl CavI ty & Pharynx 1 

Dt her ùnd 1 II Dcf. DIges t. Organs & Perl t. 15 

Other EndocrIne Jnd Rclated 9 

PJncreù~ 167 

PCl1b & Other" Mille GCnl tal Orgùns 7 

Pro~tilte 442 
Rectllll, RS Junct Ion ùnd Anu~ 263 

Rl't rlOpl'r 1 t onL'LJI11 & Per 1 tonCll1l 9 

S" II V,lI y G 1 :,rxj,. 22 

S~ II' Othrr 1798 

Small Intc;,t Ine 11 
Stan'lch 273 

Tcste~ 15 

Thyrold Gland 49 

Tongue 15 

Trachea, Branchus, Lung, Pleura, Thymus 668 

Ur 1 nary 337 

Excluded 

12 
4 

2 

11 
3 

3 

2 

309 
o 

o 
2 

2 

3 
o 
o 

2 

o 
1 

304 
4 

o 
o 
o 
o 
5 
2 
2 

o 
4 

o 
2 

83 

o 
2 

o 
1 

2 

1 

2 

Retamed 

6527 

o 
18 

126 

554 
530 

43 
16 

371 

38 

123 
7 

207 

58 

88 

28 

183 

35 
26 

13 

12 

3 
o 

40 

13 

1 

15 

4 

165 

5 
442 
259 

9 

20 
1715 

11 
271 

15 
48 
13 

667 

335 

(1) ca~r$ wcrc excludcd If elther thelr behavlour was classlfled as non-malignant 

or the 1 r topograph 1 c code was not a cancer code 

Source: New Brun,>wlcK TUl10ur Reglstry (19n-1980) 
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Table 4.12 1977·1980 New BrunswIck Non-CIty TlJ1lOur Reglstry Cases; Regroupl'Cl <1> by SIte 

and Microscoplc ConfirmatIon 

Site 

All Sites 

Bladder, Kidney, and Other Urinary Organs 

Breast 

EndocrIne 

Eye 

Female Genital (incl. uterus/unspeclf1ed) 

Gallbladder 

Ill-Def i ned Cancer 

Intestine (small and large) 

Larynx 

L Iver 

Male Gen; tal (Incl. prostate) 

Mouth aOO Pharynx 

Not Cancer 

Oesophagus 

Pancreas 

Rectum, RS JunctlOn and Anus 

Respl ratory and Int rathorac i c Organs 

Sallvary Glands 

Skln (melanotlc aOO other) 

Stomach 

BraIn 

Leukeml a 

Lymphoma 

Sarcoma 

Total 

6527 

333 

552 

50 

14 

363 

38 

161 

537 

58 

28 

448 

146 

21 

38 

165 

259 

657 

18 

1748 

267 

128 

166 

217 

115 

Mlcroscoplcally 

Confirml'Cl 

5741 

310 

523 

44 

13 

345 

31 

94 

456 

54 

17 

397 

140 

20 

33 

85 

247 

510 

17 

1718 

210 

91 

84 

198 

104 

Non-MI cro'.coplc.lll y 

Conf 1 rml'd 

786 

23 

29 

6 

18 

7 

67 

81 

4 

11 

51 

6 

5 

BO 

12 

30 

57 

37 

87 

19 

11 

Cl> cases were regrouped accordlng to morphology, bchavlour, and topogr;'rJ1y 

Source: New Brunswick Tumeur Reglstry (1977-1980) 
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Brain (M935-M957) ; 

Leukemia (M980-M998) 

Lymphoma (M958-M975); 

Sarcoma (M880-M899, M902-M934). 

Approximately 6% (N=395) of the 6,527 non-city cases 

retained were missing morphology codes. Of the 128 cases 

within the classification brain, 19 are cases with no 

morphologie code that were topographically coded as brain or 

other nervous system (ICD-9=191-192). Sixty-two cases 

within the Ieukemias are aiso without morphology but were 

coded topographically as leukemias (ICD-9=203-208). within 

the lymphJmas Il are missing morphology with topographie 

codes indicatjng lymphoma (ICD-9=200-202). Finally, only 

three of the sarcomas were without morphologie coding and 

these fell topographically within the bone and connective 

tissue tumours (ICD-9=170-171). AlI other cases were 

classified strictly on the basis of topographical coding. 

Appcndix VIII lists the topographie codes for those sites 

regrouped solely on the basis of topography. 

ALI remaining malignancies (N=6527) were analyzed 

re~ardless of whether they were microscopically confirmed. 

While there may weIl be sorne benign tumours included by this 

procedure, the total error rate is judged to be 

substantially smaller than the number of malignant tumours 

wrongly excluded by simply omitting aIl neoplasms not 

confirmed mlcroscopically. Table 4.12 shows considerable 

variation with respect to the percentage of cases 
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t .. 
microscopically confirmed, and for several sites thcse arc 

numerous enough to warrant further attention. ThesQ arc: 

- Gallbladderi 18% 

Liver; 39% 

Pancreas; 48% 

Respiratory i 22% 

- Stomach; 21% 

- Brain; 29% 

- Leukemia 49% 

Microscopically confirmed cases for the abova s i b.'~; ,1 l"t, 

analyzed separately to determine whether the results dittCl. 

Melanotic skin cancers were aiso differentldted ilnd 

examined separately as they are less subject to rcportinq 

bias than "other" skin cancers. 

IV. STANDARDIZED INCIDENCE RATIOS (SIR'S) 

Standardized Incidence Ratios were calculated usi nq thl' 

6,527 non-city cases and population of New Brunswick. 'l',lbl<> 

4.13 is the first of a series of tables that eXi1minc~j thc' 

ratios of observed te expected values for each groupinq 01 

sites by each study variable. 

It appears that residence in predominùntl y J:ng 1 l ~ll 

municipalities increases cancer risk ta a variable dcgrcc, 

and up ta as much as a factor of more than 3 for eye and 

oesophagus. Bath eye and oesophagus are, howevcr, amon~ 

these si tes wi th the fewest number of cases reportcd vi i lh in 

the predorninantly French municipal i ties. llotable exccpt l on:; 

to this trend are: larynx, pancreas, salivary glands, and 
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T"blc 4.13 RatIo of Obscrvcd to Expected Sy SIte and Language/Culture (1) 

Observed/Expected (observed) 

Predomlnantly Predomlnantly 

F reneh Engll sh 

~ll SI te'i 0.82 (1927) 

Blndder,Kldney, and Other Unnilry Organs 0.74 (89) 

EndOCrine 

Eye 

0.92 (180) 

0.54 (10) 

0.39 (2) 

fl'fTlalc Genital (inel. utcrus/unspeclfled) 0.80 (103) 

Gallbladder 0.60 (8) 

Ill-Oct Incd C,lnccr 0.97 (56) 

InteGtH1e hmall and large) 0.92 (176) 

Lilrynx 1.18 (25) 

L Iver 0.89 (9) 

Mnle Genital (Incl. prostate) 0.81 (134) 

Mouth and Pharynx 0.98 (52) 

Na~al, MIddle Ear, SlnusC'i, Nasophilrynx 0.66 (5) 

OC';ophagu5 0.44 (6) 

PilnCreil'i 1.19 (70) 

Rectum, RS Junctlon ilnd Anus 0.86 (80) 

Re~plratory and Intrathoraclc Organs 0.96 (229) 

Silllvary Gland~ 1.23 (8) 

Skln (melanotlc and other) 0.55 (349) 

S t(lll~lCh 1.16 (111) 

BraIn 1.05 (50) 

Lcukcflll a 0.97 (59) 

Lymphcrn;J 0 98 (78) 

S.II com., 0.89 (38) 

(1) grcater th,ln 50:' of muniCIpal populatIon 

Sour cc' New Bruno;wlck Tumour Reglstry 1977-80 

1.10(4600) 

1.15 (244) 

1.04 (372) 

1.27 (40) 

1.35 (12) 

1.11 (260) 

1. 22 (30) 

1.02 (105) 

1.05 (361) 

0.90 (33) 

, .06 (19) 

1.11(314) 

'.01 (94) 

1.20 (16) 

1.32 (32) 

0.90 (95) 

1.08 (179) 

1.02 (428) 

0.87 (10) 

1.25 (1399) 

0.91 (156) 

0.97 (7B) 

1.02 (107) 

1. Dl (139) 

1. 06 (77) 

1981 New Brun~wlck non-cIty pop.llatlon [Stats Canada E-562,19821 

RIs\( RatIo 

Cor.f Idencc 1 nterva l 

Engllsh/French (LCL,UCU 

1.35 

1.56 

1.13 

2.37 

3.43 

1.40 

2.04 

LOS 

1.14 

0.76 

1.20 

, .37 

1.04 

1.82 

3.01 

0.76 

1.26 

1.07 

0.71 

2.27 

0.79 

0_92 

LOS 

1. 03 

1. 19 

(1.28 - 1.42) 

( 1.22 1.99) 

(0.95 - 1.35) 

(1.19 - 4.74) 

(0.78 - 15.10) 

(1.11 1. 75) 

(0.94 4.43) 

(0.76 1.45) 

(0.95 1.36) 

(0.45 1.27) 

(0.54 2.64) 

(1.12 1.68) 

(0.74 1.46) 

(0.68 - 4.91) 

(1.27 7.13) 

(0.55 1.03) 

(0.97 1.64) 

(0.91 1.26) 

(0.28 1.80) 

(2.02 2.55) 

(0.62 1.01) 

(0.64 1.31) 

(0.77 1.45) 

(0.78 1.36) 

(0.81 1.75) 



... 

stornach, for which risk is higher in predorninantly French 

rnunicipalities than in English rnunicipalities. None of 

these sites, however, have confidence intervals th~t cxcluJe 

1. o. 

Despite the exclusion of cities from the analysis, 

urban/rural residence rernains a risk factor 10r thc mll:i or 1 t Y 

of sites (Table 4.14) although, aside from aIl sites 

cornbined, only breast, nasal, rniddle ear, Slnuscs, 

nasopharynx, and skin have confidence limi ts thllt exe 1 U<!I' 

1. o. Oesophagus, pancreas, salivary glands, ùnd stomach dl'I' 

the exceptions to this trend. 

Trends within educational attainment <1rC present for d 

number of sites of cancer (Table 4.15). ASldc from ~l l 

sites combined, bladder, kidney, or other u r in~ ry On]d Il:, 1 

endOCi-ine, gallbladder, intestine, male geIlltill, ilnd ~~kil1 

appear to be associated with educational attilinment. 1\ 1 1 Cl f 

these sites with the exception of endocrine hùve cont ldl'!ll'\' 

limits for upper quartiles relative ta the lowcst qu.lrt il f':, 

that exclude 1.0. These are: 

Bladder, kidney, and other urinary orgilns; 

1.29 - 2.55 

Gallbladder; 1.28 - 12.69 

Intestine; 1.18 - 2.0 

Male Genital; 1.2 - 2.0 

Skin; 1.5 - 2. 0 

Few consistent patterns were observed for incirJenc(' ()f 

low-incorne except for negative associations b~t'N00n ~prdï 

exposure and gallbladder and intestine (Table 4. 1G). 
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Tùble 4.14 Ratl? of Observcd to Expected By SIte and Urban/Rural Residence 

Observed/Expected (observed) RIsI<. Rat10 

Populat1on PopulatIon Conf Idence lnterval 

Less than 2500 2500 or more =>2500/<2500 (LCL ,UCL) 

51 te 

AlI Sites 0.97 (4864) 1.10 (1663) 1.14 (1.08 · 1.20) 

Bldddf'r, I(ldney, and Other Ur i nôry Organs 0.97 (251) 1.09 (82) 1.12 (0.87 1.43) 

Brf'il',t 0.94 (387) 1.19 (165) 1.27 ( 1.06 · 1.53) 

EndocrIne 0.88 (33) 1.38(17) 1.58 (0.38 · 2.83) 

Eye 1.02 (1" 0.95 (3) 0.93 (0.26 3.33) 

Fe!11ùle Genl tal (1 ne l. uterus/unspec If !t'd) 1.02 (278) 0.94 (85 ) 0.92 (0.72 · 1. 17) 

Gallbladder 0.94 (27) 1.20 (11) 1.28 (0.63 2 57) 

lll'Deflned Cancer 1.01 (125) 0.96 (36) 0.95 (0.65 · 1 37) 

1 nte~t 1 ne (small and large) 1).95 (392) 1. 15 (145) 1.20 (1.00 · 1.46) 

laryrx 0.86 (39) 1.48 (19) 1. 71 (0 99 · 2.96) 

lIVer 0.97 (21) 1.11 (7) 1. lI, (0 49 · 2.68) 

Male Genl tal ( Incl. proo;t.Jte) a ';6 (340) 1.16 (108) , .21 (0.97 1.50) 

Mouth a'1d Pharynx 1.02 (116) 0.94 (30) 0.92 (0 62 1 38) 

Nil"al, MIddle Ear, SI nu"es, Nasopharynx o 75 <1n 1.83 (9) 2.45 ( 1.03 · 5.82) 

Oe~ophi1gu., 1.08 (32) 0.71 (6) 0.66 (0.27 1.57) 

Pancreil~ 1.06 (135) 0.79 (30) 0.74 (0.50 1. 10) 

Rectun. RS June t 1 on ard Anus 0.96 (192) 1.12 (67) 1.17 (0.88 - 1.54> 

Re~pl ratory and IntrathoraCIC Organ~ 0.98 (501) 1.09 ( 156) 1. 11 (0.93 1.33) 

Silllvilry Gli1nd~ 1.08 (15) 0.72 (3) 0.67 (0.19 - 2 30) 

S~ln(11\l'ldnotlc ilnd other) 0.94 (1266) 1.19 (482) 1.27 (1. 14 1.41 ) 

S t<lll.lCh 1.03 (Zn) 0.89 (54) 0.86 (0.64 1. 15) 

Br .JIn 1.03 (101) 0.91 ( 27) 0.89 (0.58 - 1.36) 

L elJKeml a 1.00 (128) 0.99 (38) 0.98 (0 69 - 1.41 ) 

L ","phanil 0.97 (161) 1.10 (56) 1.14 (0.84 - 1.55) 

S.1f cm., 1.01 (88) 0.98 (27) 0.98 (0.63 - 1.50) 

Sl"lUI C(', New Brun'"lek TUlll..1Ur Reglstry 1977·80 



1 Table 4.15 RatIo of Observed to Expectcd By SIte and Educatlonal Attalnllcnt (1) au"rtlle~ (:') 

Observed/E\pcctcd (ob"'l'r vl'd) 

QuartIle 1 QuartIle 2 OU.lrt 1 Il' 3 

Site 

All SI tes 0.84 (1156) 0.89 (1340) 1.00 ( 14l3) 

Bladder, Kldney, and Other Urlnary Organ~ 0.64 (45) 1.01 (78) 1 11 (U.) 

Breast 0.80 (88) 1.00 (122) 0.99 ( 1~5) 

EndocrIne 0.79 (8) 0.79 (9) 0.88 (10) 

Eye 1 01 (3) 1.23 (4) o 31 (1) 

Female Geni tal (Incl. uterus/un~peclfled) 0.68 (49) 1.03 (83) 1.16 (<;Ic,) 

Gallbladder 0.39 (3) o 59 (5) lB ( 1(J) 

Ill-Deflncd Cancer a 92 (31) 0.79 (29) 21 (~{. ) 

IntestIne (small and large) 0.78 (87) 0.94 (115 ) o 93 ( 113) 

Larynx 1.12 (14) 0.59 (8) 17 (15) 

Liver 0.84 (5) 0.46 (3 ) u, (9) 

Male GenItal (Incl. prostate) 0.82 (81) û.76 (82) 1.08 (111 ) 

Mouth and Pharynx 1." (35) 0.87 (30) o ilS (?B) 

Nasal, MIddle Ear, Slnuses, Na~opharynx 0.68 (3) 0.42 (2) 1,(, (1) 

Oesophagus 1.10 (9) 1. 02 (9) OS ( ',1) 

Pancreas 1 04 (36) 1.06 (40) o III ( lU) 

Rectum. RS Junctlon and Anus 1.0\ (55) 0.89 (55) 09':. (',{, ) 

Respl ratory and lntrathoraclc Organs 0.93 (133) 0.88 (136) 10 ( lf,l) 

Sallvary Gland., 1.32 (5) 1 44 (6) 0 74 n) 

Skln (melanotlc and other) 0.80 (292) 0.81 (376) a 1\9 (5')1 ) 

Stomach 1.05 (59) o 94 (58) 1 1(, (If) ) 

BraIn o 80 lU) 1.08 (52) 1.rJ? ( ~rJ) 

Leuleeml8 1.11 (39) o T5 (213) U ml ( ~!;) 

Lymphoma a 75 (34) 1. 16 (53) a ?1 (1. 'J) 

Sarcoma 0.84 (20) 0.91 (24) Il (29) 

(1) proportIon of persons who attendro unIversIty ln the total populatrrJn 15 or old,.r 

(2) quartl Les were caLeulated by ranKlng values and establl~hlng elil','. br,'md"r If', 

to provlde about 25% of the 254 1TI.Jnlelpalltlcs ln each of 4 cl~'",P.',. qu .. rtll,' 1 l', Il, ... 

Source: New Bruns'llele Tumour Reglstry 1977·80 

Qu.lI t Ill' _ 

1 . ". (.}I,',)) 

1.1', (1:' ) 

1 1.' (.'l'i) 

1. S~ (.' S) 

1.3.' (1,) 

01, (III,) 

, fi (,'fl) 

(JI, (1),') 

1.19 (~ 1,') 

1 . 1f, (.' 1 ) 

1.111 (11) 

~J(.) ( 1 /1. ) 

1 {. (',1) 

.,Ii (';) 

Il 11'1 (11 ) 

1.0/, ( (J(}) 

ln ('J'> ) 

rJ/, (1,'1 ) 

() fJ/, (f. ) 

1 . ~/. (1/'1) 

() 'l' J (f'I J ) 

(Jf, (l,I. j 

t'rI (1,1, 1 

11 (1:'1 ) 

')'1 (t./ ) 
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T"ble 4 16 Ratio of Observed to Expccted Cases By Site and Incidence of Low-Incarne Quartiles 

Quart Il e 1 

SI te 

AlI Slte~ 1.15(1753) 

Blndder, Kldney, and Other Urlnary Organs 1.24 (95) 

Bre .. ·.r 1.02(139) 

EfldocrH1C 1.13 (15) 

Eyc 1.85 (6) 

fl~ll<lle Gcmtal (Incl. uterus/unspec1fled) 1.16 (104) 

Gallbiaddcr 1.62 (14) 

III 'Def Ined Cmcer 0.73 (27) 

Int(".tlne (~rnall and large) 1.18 (145) 

L~ryn)( 0.43 (6) 

Llv('r 1.78 (11) 

M,Ile Gemtal (Incl. prostate) 1.38 (132) 

Mouth ûnd Phùrynx 1.10 (37) 

N,)~.,·tl, MIddle Enr, Slnusc5, Nasophilrynx 0.58 (3) 

OL",oph .. gu'. 1.17 (10) 

P,lncrca'. 1.11 (41) 

Rl'ctum, RS JUnctlon and Anus 1.08 (65) 

R .. ,>pl ratClry ard IntrathoraC1C Organs 1.11 (167) 

S,lI IVJr y Glimd.. 0.98 (4) 

S~ln (rnelanotlc and other> 1.22 (502) 

Stomach 1.04 (63) 

Br .lIn 0.95 (31) 

Lcu\.. elllla 1.06 (42) 

l ';1I1P'lOlIol 1.11 (59) 

S,lIcon~J 1.20 (35) 

Observed/Expected (Observcd) 

QuartIle 2 

1.01 (1954) 

1.00 (98) 

1.02 (167) 

0.82 <'2) 

0.24 (1) 

0.90 (97) 

1.23 <'4) 

1.26 (60) 

1.06 (169) 

1.36 (23) 

0.60 (5) 

1.03 (142) 

0.94 (40) 

1. lI. (7) 

0.99 ("> 

1. 00 (49) 

0.94 (72) 

1. 04 (201) 

0.93 (5) 

1.02 (527) 

1.06 (84) 

1.03 (38) 

1.05 (51) 

0.93 (59) 

0.66 (22) 

Quartile 3 

0.94 (1731) 

0.84 (80) 

1.04 (160) 

1.13(15) 

1.00(4) 

1.05 (106) 

0.81 (9) 

0.89 (41) 

0.92 (142) 

1.05 (17) 

0.98 (8) 

0.79 (105) 

0.89 (37) 

1. 55 (9) 

0.63 (7) 

0.79 (38) 

0.87 (64) 

0.88 (166) 

1.16 (6) 

0.97 (482) 

0.81 (63) 

0.95 (33) 

0.72 (34) 

1.04 (63) 

1.34 (42) 

(1) cxpt.·r1d1 tur c-; for food, clothlng, ilnd shel ter exceed the average level for the reglon of 

rC',luence by at least 2m, 
(2) LlIJ.rrtlleo; wcrc calculatcd by ranlong values and establlshlng ctass bourdarles 

to provlde about 25:: of the 254 rrunlclpall tles ln eilch of 4 classes; quartile 1 IS low 

S,'ur ,'l' Nl'II Br un~lIlck Tl.IOOur Rcglstry 19n'80 

Quart 1 le 4 

0.91 (1089) 

0.96 (60) 

O.BB (86) 

0.91 (8) 

1.14 (3) 

0.87 (56) 

0.14 (1) 

1. 1 Cl (33) 

o el (81) 

1. 09 (12) 

a 75 (4) 

o 78 (69) 

1.14 (32) 

0.51 (2) 

1.38 (la) 

1.20 (37) 

1.20 (58) 

0.98 (123) 

0.88 (3) 

0.73 (237) 

1 14 (57) 

1.C9 (26) 

1.26 (39) 

0.90 (36) 

0.76 (16) 



.. 
Endocrine, gallbladder, and liver cancers are positively 

assoc:~ted with migration (Table 4.17) . 

lU.' 

Table 4.18 indicates that the cancer rates do not 

appear ta be associated with level of agricultural Llctivlty 

wi thin New Brunswick. Agricul tural acti vi ty, de f incct i1~~ the 

percentage of a municipality's area that is undcr 

cultivation, is represented in this table as 4 broad ot-li i n.l] 

classes. 

No consistent trends in cancer rates arc appllrcnt lor 

either DDT or organophosphate forestry pesticide expo~)lIrc 

(Tables 4.19 and 4.20). With the exception of aU Sltc~; 

combined for both DDT and organophosphatcs, llnd of 

respiratory tract for organophosphates, none ot the 

conf idence intervals for the highest score C;l tCCJory rc J d t- 1 VI' 

to the lowest excluded 1.0. The confidence intcrvd l lor 

DDT, aIl sites combined was: .76 - .96; for orgilnopho:-;­

phates, aIl sites cornbined: .74 - .90; and for organo­

phosphates, respiratory: .46 - .49. 
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Table 4.17 RatIo of Observcd to Expected By Site and MIgration (1) QuartIles (2) 

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

QuartIle 1 

SI te 

All SItes 1.03 (1522) 

Bladder, Kldney, and Other Urlnary Organs 0.97 (73) 

Brea,>t 1.05 (128) 

Erdocrtnc 0.54 (6) 

Eye 1.26 (4) 

Female Genital (Incl. uterus/unspeclfled) 1.12 (90) 

Gallbladdcr 0.48 (4) 

Ill-Deflncd Cancer 1.00 (36) 

Intc·,tJnc (.,mall and large) 1.02 (122) 

Larynx 1.35 (18) 

Llver 0.48 (3) 

Molle Genttal (Incl. prostate) 1.10 (114) 

Mouth [lrd Pharynx 1.04 (35) 

Na~dl, MIddle Ear, SlnU.,es, Nasopharynx 0.84 (4) 

Oe~ophi1gu~ 1 .04 (9) 

Pancrea~, 1.00 (37) 

RertUln, RS Junctlon ard Anus 1.30 (76) 

Re~plratory and Intrathoraclc Organs 1.10 (167) 

Sal Ivary Gland~ 0.98 (4) 

Skln (mel,lnotlc and other) 0.91 (359) 

Stonmh 1.28 (77) 

Brain 1.11 (33) 

l cu'cml.l 1.32 (50) 

S.ll cOflla 1.07 (28) 

Observed/Expected (observed) 

QuartIle 2 

0.82 (1346) 

0.81 (68) 

0.84 (112) 

0.67 (8) 

0.56 (2) 

0.87 (76) 

0.85 (8) 

1.09 (44) 

0.83 (112) 

0.68 (10) 

0.98 (7) 

0.66 (78) 

1.07 (40) 

0.58 (3) 

0.62 (6) 

0.99 (41) 

0.75 (49) 

0.81 (136) 

1.10 (5) 

0.75 (330) 

0.89 (60) 

0.95 (30) 

0.75 (31) 

1.04 (56) 

1.21 (34) 

QuartIle 3 

1.07 (1974) 

1.03 (97) 

1.02 (161) 

0.96 (13) 

1.01 (4) 

1.06 (110) 

1.07 (12) 

o 97 (45) 

1.06 (165) 

1.06 (17) 

0.99 (8) 

1 11 (141) 

1.03 (42) 

1.20 (7) 

1.29 (14) 

0.92 (44) 

0.99 (73) 

1.13 (209) 

0.97 (5) 

1.15 (571) 

o 86 (66) 

1. 11 (38) 

o 95 (44) 

1.03 (62) 

0.83 (26) 

(1) person~ lIvIng ln a dlfferent munlclpaLlty ln 1981 from the one they occupied ln 1976 

(;:') qu.lrtlle~ were calculated by ranklng values and establlshlng cLass boundilries 

to provlde about 25% of the 254 munlclp<llltles ln eilch of 4 classes; qUilrtlLe 1 IS Law 

S"urCl" NCII BrmslIlcl.. TUlllOur Reglstry 1977·80 

QuartIle 4 

1.08 (1685) 

1.21 (95) 

1.09 (151) 

1.72 (23) 

1.21 (4) 

0.95 (87) 

1.56 (14) 

0.94 (36) 

1.09 (138) 

0.93 (13) 

1.54 (10) 

1.15 (115) 

0.84 (29) 

1.35 (7) 

1.03 (9) 

1.12 (43) 

0.99 (61) 

0.95 (145) 

0.94 (4) 

1.16 (488) 

1.03 (64) 

0.83 (27) 

1. 01 (41) 

1.00 (54) 

0.92 (27) 



Table 4.18 RatIo of Observed to Expected By SIte and Agrlcul tural ACt1Vl ty (1) Ou.lrt Ile~ (~) 

l -----------------------------------------

Quartile 1 QuartIle 2 OUM t Ile 3 OU,lf t,l,' '. 

SIte 

----------------------------------------------------------
ALI SItes 0.91 (1308) 1.09 (1530) 01 (,'1 • .'1 

Bladder, Kidney, and Other Urlnary Organs 0.80 (59) 1.31 (93) o Q8 (Il.,) 

Breast 098(116) 0.98 (118) 093 (nl1) 

EndocrIne 0.55 (6) 1.21 (14) o 75 (9) N ('11 

Eye 1.30 (4) 0.67 (2) o 23 (1) 

Female Genital (Incl. uterus/unspeclfled) 0.95 (74) 1 11 (88) o 90 (1\~) Il. \ 1 1 ~. ) 

Gallbladder 0.61 (5) 1.27 (la) 1 01 (la) 1I9 (11) 

Ill-Deflned Cancer 1.05 (37) 1.06 (36) Il •• (',,') 

1 ntestl ne (small and large) 0 86 (100) , .09 (123) 02 (14 ~) 0,' (1:1) 

Larynx 0 86 (11) 0.63 (8) Dl (15) ~IJ (,l t ) 

L 1 ver 0 . 00 (0) , .56 (9) o BI (6) L'JI (1\) 

Male Genital (Incl. prostate) 0.93 (94) 1.13 (104) o ?Il (1Ol) oc) (1,1,) 

Mouth and Pharynx 1. 11 (36) 1.02 (32) 01, (59) o /\1\ (\/) 

Nasal, Middle Ear, Slnuses, Nasopharynx 043 (2) o 21 (1) SI (In 'd, (111) 

Oesophagus 1.31 (11) 1.38 (11) o ~ 1 (';) [) r; 1 (11) 

Pancreas 1.00 (36) 0.64 (22) 1 )i (57) fJ _? 1 (',1)) 

Rectum, RS JunctlOfl and Anus 0.90 (51) o 98 (54) o 9/, (6/.) ,_ 1; ('III) 

Resplratory and Intrathoraclc Organ!> 1.04 (151) 1.09 (154) 105(1/4) o Illl (ll.'~) 

Sallvary Gl ands 1.26 (5) 0.79 (3) OB', (1.) 

Skln (melanotlc and other) 0.83 (320) 1.21 (456) f) 15 (BI) 

Stemach 0 91 (53) 0.91 (51) 17 (Il.?) 1 J '/P (J~ 1 J 

BraIn 1.09 (31) 0_85 (25) (JI, (~5) 

Leukemla 1.15 (42) 1.11 (40) o en (v.) 

Lymphcma 0.98 (47) o 92 (44) 1 05 ('J 1) 

Sarcoma 0.67 (17) 1 23 (32) o 91 (7fl) 

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

(1) percentage of land under cultlvatlen 

(2) quarti les were calculated by ranklng values and e,>tabll<;hlng cla',', thur,J"r Ir", 

te provlde about 25% of the 254 ITlJnlclpall tles ln each of 4 clil,;',e',; '~U"f t 11(, 1 l', IIJW 

Source: New Brun~wlck Tumeur Reglstry 1977-80 
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Table 4.19 RatIo of Observcd to Expectcd Sy Sl~e ana ~OT Near·DIstance Exposure (1) 

---------------------------------
Observed/Expected (observed) 

Zero Low Moderate Hlgtl Very Hlgh 

(0) (1 down to 0) (2 down to 1) (3 down to 2) (6 down to 3) 

Site 

Ail SI te., 1.10 (1395) 0.94 "503) 0.83 (214) 

Blddder,Kldney, and Other Urlnary Organs 1.08 (170) 0.96 (130' 

Ilrea<,t 

EndOCrine 

h:'1Tlale Genl tal (Incl. uterusl 

un',pec 1 f 1 ed) 

Gillibladdcr 

lil-Def\ned Cancer 

!nte',tlnc "'mail and large) 

Lilr ynx 

Llver 

Male Genl tal (Incl pro.,t;Jte) 

1.15 (309) 0.92 (201) 

1.07 (25) 1.12 (23) 

1.22 (8) 0.70 (4) 

1.12 (198) a 92 (132) 

1.33 (25) 0.74 (11) 

1.01 (78) 0.97 (63) 

'.;3 (294) 0.96 (205) 

1. 02 (27) 

1. 12 (15) 

1.11 (27) 

1.07 (12) 

1.16 (240) 0.94 (176) 

Mouth and Pharynx 1.01 (68) 0.99 (60) 

Nil, .. II, MIddle Ear, SIr,u<,e<;, Nd~opharynx 1.33 (13) 0.81 (7) 

O~ ... ophagu~ 1.01 (18) 0.84 (13' 

P.IIlCI ea~ 1. 21 (96) 0 d5 (56) 

Rectum, RS JUnctlon and Anu-; 1.04 (128) IJ.95 (100) 

Rl",pII.ltory and !ntrùthoraclc Orgùns 1.04 (316) 1.00 (273) 

S.JlI""/Y GI.Jnd<, 1.16 (la) 0.97 (7) 

SI. 1/1 (1II,'l.mot IC and other) 1 11 '918) 0.89 (633) 

~ t. III. Il h 1. 10 (14 l) 0 .96 (103) 

BI ,JI n 1. 08 (o.» 0.99 (53) 

Ll'lJ~em"f 1.~ (P.» 0.94 (64) 

1 ~1"rhcm" 0.99 (100) 1. 15 (102) 

S"rCOf1Iol 0.99 (53) 1.01 (,8) 

(1) b.l',eJ on 0-1 kllometer cxpo~ure defJmtlOl1 

S,,,,! ce New Brurl~wlc~ Tum.Jur Regbtry '977-80 

1.21 (16) 

0.60 (13) 

0.49 (1) 

1.78 (1) 

0.70 (10) 

0.00 (0) 

0.80 (5) 

0.54 (11) 

0.82 (2) 

0.94 (1) 

0.57 (la) 

0.B4 (5) 

1.15 (1) 

1.34 (2) 

1.11 (7) 

1.07 (11) 

1.00 (27) 

0.00 (0) 

:1.Bl (56) 

1. 16 (12) 

0.55 (3) 

0.76 (5) 

0.80 (7) 

1. 72 (8) 

0.53 (104) 

0.10 (1) 

0.23 (4) 

0.00 (0) 

2.39 (1) 

0.26 (3) 

0.00 (0) 

1.67 (8) 

0.38 (6) 

0.00 (0) 

0.00 (0) 

0.80 (la) 

0.92 (4) 

0.00 (0) 

1.84 (2) 

0.42 (2) 

0.39 (3) 

0.57 (11) 

1.88 (1) 

0.64 (34) 

0.64 (5) 

0.47 (2) 

0.58 (3) 

0.29 (2) 

0.53 (2) 

0.94 (311) 

0.94 (16) 

0.94 (25) 

0.42 (1) 

0.00 (0) 

1.15 (2C) 

1. 05 (2) 

0.86 m 
0.78 (21) 

0.67 (2) 

0.00 (0) 

0.50 (12) 

1.18(9) 

0.00 (0) 

1.52 (3) 

0.48 (4) 

1.29 (17) 

0.88 (30) 

0.00 (0) 

1.21 (107) 

0.51 (7) 

1.11 (7) 

1.33 (11) 

0.56 (6) 

0.72 (4) 



Table 4.20 Ratio of Dbserved to Expccted BV Site and Organopho!.phatc Ne.1I··Ol"tanrc hpo",ulc (1) 

Dbservcd/Expcct t-d (ob,crvcd) 

Zero Low Moderate Hlgh VOl r 111<)11 

(D) (1 dOlo/n to 0) (2 down to 1) (3 down to 2l (6 J"WI1 t,1 5) 

Site 

All Sites 1.26 (1248) 1.01 (1980) 0.85 (1877) 1.04 (878) 

Bladder, Kldney, and Dther Urlnary Organ~ 1.43 (72) 0.99 (99) 

Breast 1.21 (104) 1.02 d69) 

Erdocrine 

Eve 

Female GenItal (Incl. uterus! 

unspec 1 f 1 ed) 

Gallbladder 

1.08 (8) 

0.48 (1) 

1.28 (72) 

1.51 (9) 

1. 21 (19) 

U.47 (Z) 

0.99 (108) 

0.63 (7) 

Ill-Deflned Cancer 1.26 (31) 1.08 (52) 

Intestine (small and large) 1.47 (122) 1.01 (161) 

Larynx 1.53 (13) 

Llver 0.92 (4) 

Male Genital (Incl. prostate) 1.42 (95) 

Mouth and Pharynx 1.53 (33) 

Nasal, MIddle Ear, Slnuses, Nasopharynx 2.90 (9) 

Desophagus 0 88 (5) 

Pancreas 1.06 (27) 

RectulT', RS Junction and Anus 1.27 (50) 

1.07 (19) 

0.84 (7) 

0.86 (116) 

0.99 (44) 

0.62 (4) 

0.79 (9) 

1.27 (62) 

0.98 (76) 

Respiratorvand lntrathoraclc Drgans 1 38 (134) 1. 05 (211) 

Sal ivary Glands 

SKln (melanotlc and other) 

Stomach 

BraIn 

Leukemla 

Lymphoma 

Sarcoma 

1.08 (3) 0.37 (2) 

1.16 (307) 0.98 (516) 

1.30 (53) 

0.91 (17) 

1.20 (30) 

0.99 (32) 

0.99 (17) 

1.13 (90) 

1.11 (44) 

1.05 (53) 

1.20 (80) 

0.84 (30) 

(1) based on 0·1 kllometer exposure destinatIon 

Source: New BrunswIcK Tumeur Rcglstry 1977·80 

0.75 (B4) 1. lb ('iD) 

0.81 (150) O.'N (,1) 

0.71 (12) 1. 10' (7) 1. 0,' (1.) 

1.27 (6) .'.2.5 (f.l () B1\ (11 

0.81 (99) r, 91\ (.'11) 

094 (12) \.38 (7) n 9/ (',) 

o 92 (50) o 71 (l'J) o rI') (1 \) 

o 88 (151l) o /JO ("6) (J 'i,' (1.11) 

0.82 (16) 1..56 (10) () Oll (0) 

1.28 (12) 1 OB (1.) o 1.1. (1) 

1.03 (15') o ?l. ()'» 0.1<, (.'/) 

0.77 (38) o 91 (1/) 1. 11 (11,) 

0.71 (5) 0.74 (2) O.f.,fl (1) 

1.02 (B) 1.01 ('» l'il) Cf,) 

0.81 (45) o 74 (16) 1. 11 (1';) 

0.87 (76) 1.0l. (3») 

0.82 < 182) 09/ W?) 

1. 16 (7) 2 sr) (6) 1) /JI) (fI) 

0.81 (1.7'1) 1 16 (lU, ) /'1 (li!.' J 

o PA (15) n.ar; (~1) 1) I~/ (11' J 

0.97 (42) o 87 (li.) 1 11) (11) 

0.89 (50) 0.84 (lIl) 

0.83 (61) 

1.29 (50) 082 Cl7) 
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v. APPRaACH Ta ANALYSIS OF PEs'rICIDE ExpaSURE DA~A 

Several broad decisions were made prior to the 

commencement of analysis. These were necessary due to the 

large number of cancer sites (N=25), exposure indices (N=4) , 

and other variables under consideration. 

The first step was to ascertain the effect of changing 

index cutoffs (the distances from a sprayed area in which 

persans were considered exposed). The effect on cancer risk 

estimates af altering these cutofis was examined. Separate 

comparisons were carried out for DDT and for the 

organophosph~tes because their different methads of 

dpplication might affect exposures of hurnans at a distance. 

No important differences were noted and the 1 kilometer 

cutoff was retained. 

Secondly, exposure covariates were introduced into the 

statistical modcls in sequence by their decrpasing 

importance as potential confounders, as subjectively 

ilssessed by the author. AlI covariates, with the exception 

of language and urban/rural residence, were expressed as 

r,ltes, divided into quartiles, and assigned four level 

scores corrcsponding te the quartiles. These 4 point scales 

wcre then treated as continuous in the analysis. No 

covariate, once included within a model, was dropped from 

subsequent models. 

Both DDT and organaphosphate indices were treated as 

continuous variates in the regression analyses. 



l O~i 

Finally, quartile scores were calculated for the ne;)\" 

and moderate-distance exposure indices and llsC'd in 

independent analyses of DDT and organophosphatcs in ord('r tu 

assess the a ffect on risk estimates of usi ng marc camp l otc 

and complicated indices that inclllded all of the spr,lY (L1Ll. 

VI. RESlTLTS OF MULTIVARIATE ANALYSIS 

Poisson regressian was used to estimate stitndnrdi zcd 

incidence ratios (SIR). As indicated prev iousl y (Methocb), 

several prelirninary analyses were performed to cXé1minc the 

appropriateness of the mul tipl icative model and the 

effectiveness of the age standardization. stlltist iCill 

significance is defined uniformly as two-tail p < 0.05. 

The average near-distance exposure score fa r non-c j ty 

municipalities in New Brunswick is 0.55 for DD'f anJ 1. '* B for­

organophosphates. Irl bath cases scores range betwccn () Llnd 

5. Table 4.21 shows the crude SIR estimates for DDT and 

organophosphate near-distance indices. In no CélSCS arc 

risks significantly elevated and only for eye Célnccr do'-!:; 

the point estimate noticeably exceed 1. O. Ovcrüll, the­

cancer risks assoc iated w i th expasure ta 0 rgêlnopho~~[lhil t,; 

forestry spray are lower than those of DDT_ 

Tables 4.22 and 4.23 present the effects of contro 11 i nrJ 

for aIl study cavar iates . Nei ther table sho't/s a cons i !:"~ tr~nt 

trend towards an increase or a decrease in the rn<JqniturJ'-~ 01 

the estirnated effects. In onl y one case, organophospha tr: 



r .. ble 4.21 Crude (1) ReLatIVe Risk Estllnates for DDT and Organophosphate Near-Distance Exposure (2) 

by Site 
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DDT Crude ModeL Organophosphate Crude Mode 1 

Site 

Al L SItes 

Bladder, Kldney, and Other Urtnary Organs 

Brca~t 

[fldoc r 1 ne 

Eye 

fCllk,lc GenItaL (Incl. utcrus/unspccl flcd) 

ua II bl ildder 

lll-Ocf Incd Cnncer 

lrlte<;tlne (.,mall and large) 

l~rynx 

llver 

M.lle G,'nUal (Incl prostnte) 

M<llJt h and Pharynx 

Nd.a" MIddle Enr, Slnuscs, Nasop-iarynx 

Recrun, RS Junctlon and Anus 

Re-,pl ratory and Intrathoraclc Organ., 

81,11 n 

Lpu!.. CfIl 1 a 

L yn~horna 

Cases 

6527 

333 

552 

50 

14 

363 

38 

161 

537 

58 

28 

448 

146 

21 

38 

165 

259 

657 

18 

1748 

267 

128 

166 

217 

115 

95% C.1. 

0.94 - 0.99 

0.87· 1.09 

0.82 - 1.00 

0.60 . 1.21 

0.44 . 1.64 

0.84 . 1.06 

0.51 • 1.23 

0.89 - 1.21 

0.80 - 0.98 

0.62 . 1.17 

0.22 . 1.19 

0.74 0.94 

0.91 1.23 

0.17 . 1.29 

0.85 - 1.48 

0.65 - 0.98 

0.92 . 1.16 

0.89 . 1.05 

0.31 - 1.46 

0.99 - 1.09 

0.77 - 1.02 

0.79-1.15 

0.88 . 1.19 

0.72 - 1.01 

0.80 . 1.18 

(1) grilnd ml'iln and near-dlstilnce indIces were the only terms ln the models 

POInt Point 

Est lmate Est imate 

0.96 

0.98 

0.91 

0.85 

0.85 

0.94 

0.80 

1.04 

0.89 

0.85 

0.52 

0.83 

1.06 

0.46 

1.13 

0.80 

1.03 

0.97 

0.67 

1.04 

0.89 

0.95 

1.03 

0.85 

0.97 

0.98 

0.97 

1.00 

0.95 

1.45 

0.95 

1.05 

0.94 

0.90 

0.87 

1.00 

0.91 

0.91 

0.60 

1. 18 

0.93 

1. 00 

0.90 

1. 07 

1.07 

0.89 

1. 01 

0.96 

0.99 

0.95 

(~) the nearest sPlùy black \llthln 1 kllomcter for each spray year were accunulated over years 

95% C.l. 

0.96 - 1.00 

0.88 - 1.07 

0.92 - 1.08 

o 73 - 1.24 

0.96 - 2.20 

0.86 - 1.04 

0.79 • 1.39 

0.81 • 1.08 

0.83 - 0.97 

0.67 - 1.12 

0.71 - 1.40 

o 84 - 1.00 

0.78 - 1.06 

0.37 • 0.99 

0.90 - , .55 

0.81 - , .08 

0.89 - 1. 11 

0.84 - a 97 

0.71 - 1 .61 

1. 03 - 1. 12 

a 79 - 1.00 

0.86 - 1.18 

0.83 • 1. la 

0.B7 - 1.12 

0.80 - 1. 13 
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Table 4.22 Crude (1) and Full Model (2) Relative Risk EstllTlates for DDT Nenr'Dist.1nce Exposwc (3) B~ SI\\' 

--~ - - - - -
DDT Crud\' Model DDT rull "h"i,'l 

______________ r 

POInt Pomt 

Site Cases 95·~ C.I. E~t lmilte ht IIH.1t e 9~l ' .. l~ 1 

- -.---- - -

All Sites 6527 0.94 - 0.99 0,96 O.9~ o 9: n Ci!\ 

Bladder, K idney, and Other Urinary Organs 333 0.87 1.09 0,98 o 96 0 I~ 

Breast 552 0.82 1.00 o 91 a 90 11 El! 

Endocr i ne 50 0.60 1.21 0.85 a 89 0 'Jo.; 

Eye 14 0.44 - 1.64 0.85 o 6:? o ~ 1 

Female Genital (Incl. uterus/unspcclfled) 363 0.84 1.06 o 94 o 89 D,tU 

Gallbl adder 38 0.51 1.23 0.80 Dm o (.13 

lll'Oef i ned Cancer 161 0.89 1 21 1 01. 1 Ob (l,IJ~~ 

Intest i ne (small and large) 537 0.80 0.98 o 89 0.95 o 85 

Larynx 58 0.62 1.17 o 85 0.99 D.W 

LlVer 28 0.22 1.19 0.52 0.~9 0.;>5 

Male Genital (Incl. prostate) 448 0.74 o 94 0.83 0.83 o /2 

Mouth and Pharynx 146 0.91 1.23 , 06 1.09 o <,1() 

Nasal, Middle Ear, Slnuses, Nasopharynx 21 0.17 1.29 0,1,(' o 6~ o l') 

Oesophagus 38 0.85 1.48 1.13 090 (j U. 

Pancreas 165 0.65 0.98 0.80 o 31 !J f". 
Rect\JT1, RS Jll1ct 1 on and Anus 259 0.92 - 1.16 1 03 1.04 O. ';0 

Respl ratory and Intrathoraci c Organs 657 0.89 - 1.05 097 0.99 o ?O 

Sa llvary Glands 18 0.31 - 1.46 0.67 o ~8 o ?'J 

Skln (melanotlc and other) 1748 0.99 - 1.09 1.04 0.99 o W. 

Stomach 267 O. n - 1.02 o 89 o 9? r) II~ 

Bra\n 128 0.79 1.15 o 9') [) 91 fJ r~ 

Leukeml a 166 0.88 - 1. 19 1 03 1 U1 (J B~ 

Lyrrphoma 217 0.72 - 1.01 0.85 o 8) oœ 

Sarcoma 115 0.80 - 1.18 0.97 0.98 o Il 

<1l grand mean and DDT near-dlstance indeK lIere the only term5 ln the morjct,> 

(2) full model lncluded DDT, organophosphate, agriculture, urban/rural, educ~t,<)n. lnUAI'!. fllmh. ",d 

mIgratIon as terms 

(3) the nearest spray block Wlthln 1 1(1 lometcr for ench spray ycar werc actuI~Jl;Jt(-<j Ilvpr I""r', 

III 

l'.1 

~~J 

:'t) 

Il.' 

' . • 1 

.lB 

q~ 

f.l. 

Sil 

o 9') 

, S S 

" 0,) 

.'/, 

fil' 

?fJ 

1rJ 

~f) 

(JIJ 

(,r, 

1 ~ 

il 

f/J 

(1. 
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Tdbl .. 4.23 Cru:le (1) and Full Mode 1 (2) RelatIve Risk Estimates for Organophosphate Hear-Dlstance Exposure (3) 

By SIte 

Organophosphate Crude Model Organl)phostate Full Model 

Si te 

Ail Slte~ 

Blilddcr, Kldney, and Other Unnary Organs 

Endocrine 

Eye 

Fell"le Gent tal (Incl. utcrus/unspcCl fled) 

G,lll bl adde r 

Il 1 Oef 1 ncd Cancer 

Int('~tlnc «,mall and large) 

LaI ynx 

LI ver 

Molle GCnl tal (Incl. prostate) 

Mouth and Pharynx 

N<l'o.11, MIddle Ear, Slnu~e~, Nasopharynx 

ParlC( eu~ 

RL'Ctllll, RS Junctlon Llnd Anus 

Rc,-plrntory and lntrathcrnClc Organs 

<;~ 111 (l1lclCmotlc and other) 

h r .11 Il 

S~l rCl~ntl 

Cases 

6527 

333 

552 

50 

14 

363 

38 

161 

537 

58 

28 

448 

146 

21 

38 

165 

259 

657 

18 

1748 

267 

128 

166 

217 

115 

95% C.l. 

0.96 - 1.00 

0.88 - 1.07 

0.92 - 1.08 

0.73 - 1.24 

0.96 - 2.20 

0.86 - 1.04 

0.79 - 1.39 

o 81 - 1.08 

0.83 - 0.97 

0.67 - 1. 12 

0.71 - 1.40 

0.84 - 1.00 

0.78 - 1.06 

0.37 - 0.99 

0.90 - 1.55 

0.81 - 1.08 

0.89 - 1.11 

0.84 - 0.97 

0.71 - 1.61 

1.03 - 1.12 

0.79 - 1.00 

0.86 - 1. 18 

o 83 - 1.10 

0.87- 1.12 

0.80 - 1. 13 

POInt P01rlt 

Estlfnate Estlmate 

0.98 

0.97 

1.00 

0.95 

1.45 

0.95 

1.05 

0.94 

0.90 

0.87 

1.00 

0.91 

0.91 

0.60 

1. 18 

0.93 

1.00 

0.90 

1.07 

1.07 

0.89 

1.01 

0.96 

0.99 

0.95 

0.97 

0.94 

1.02 

0.83 

1.59 

0.96 

1.09 

0.91 

0.91 

0.90 

1.09 

0.94 

0.87 

0.55 

1.05 

1.03 

0.97 

0.90 

1.24 

1.00 

0.95 

1.08 

0.96 

1.05 

0.97 

(1) graM ffi{'iln ilnd organophos~ate near·dlstance Index were the only terms 111 the models 

95% C. I. 

0.94 - 0.99 

O.s:. - 1.C5 

0.93 - 1. 1" 

0.62 - 1.1 1 

0.97 - 2.61 

0.86 - 1.07 

O.SO - 1.50 

0.77 - 1.08 

o 83 - 1.00 

0.67 - 1.20 

0.74 - 1.61 

o 85 - 1.04 

0.73 - 1.05 

o 34 - 0.91 

0.77 - 1.43 

0.87 - 1.21 

0.85 - 1.11 

0.83 - 0.98 

0.78 - 1.98 

0.96 - 1.05 

0.83-1.09 

0.89 - 1.30 

0.81 - 1.13 

0.91 - 1.21 

0.79-1.19 

(2) fui 1 rnJdel lncludcd DDT, organophos~ate, agrlcul ture, urban/rural, educatIon, incarne, french, and 

1111 gra t Ion as terms 

(3) the ne<lrest spray black Wlthln 1 kllomcter for each spray year were accunulated over years 



exposure and aIl sites cornbined, did an estimatc bccome 

statistically significant after controlling for the 

covariates. In bath tables intestine became statisticallv 

non-significant after the introduction of covLlrilltcs into 

the model, and nasal, middle ear, sinuses, and nasoph.-u-ynx 

for DDT, and pancreas for organophosphatcs, similllrly lo:;t 

statistical signiflcance. 

The second and third colurnns of numbers in Tilblc 4.~4 

contain deviances from two Poisson regression models. 

Poisson regression deviances are equi valent to the n~s idud 1 

sum of squares in a regular regression ê1nù rcprcsC'nt the 

l l .' 

unexplained variabillty. The deviances in col Ulnn 2 ,\re t 1 (ll1\ 

a Poisson regression with the following terms: n('at-dl!~t.lIH"C· 

exposure for DDT, agriculture, urban/rura l, French, i nCOln l ', 

education, and migration. The deviances ln column 3 arc lrum 

a model with the same terrns plus six interaction tcrms; ono 

for each product of the DDT term and each of the cov,n- ia te!!;. 

These product terms (interactions) were includeù to te~;t 

whether the effect of DDT varied across covariilte leve l';. A 

comparison of the deviances from both models indlc(1te~~ thdt 

none of the differences are notably large and none arc 

statistically signi f icant wi th the except i on a f il Il C'dll(:( '1 

sites combined. Results for organophosphiltes ilre 

essentially the same and therefore not presontcd. Tlv.!!;0 

results provide little evidence ta support the promise Uldt 

any of the covariates modlfy the effects of DDT on iJny of 

the specifie site groupings examined. 
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",ble 4.24 DevlarlCcs for DDT Near'Dlstancc Model ~ith AlI Covarlates ln by Site and Presence of 

Intcract i on Terms 

SI te 

A Il Cancer 

BI acXler, KI dney, and Other Ur 1 nary Organs 

Breil~t 

Emocn ne Glard~ 

Eye 

Fcmale Genl tal ( Incl. uterus/unspeclfled) 

G.lllblilCtlcr 

III Oellncd Cancers 

Inte.,tlnc (~rndll and large) 

L .u-ynx 

L IVcr 

Mal e Gl'nl till ( Incl. prOs~ilte) 

Mouth ilnd Pha rynx 

Nac,ill, Middle Ear, Slnuse~, Nasopharynx 

Oe .... oph.lgu" 

Pllncrl~d~ 

Rectum, RS JunctlO/'l, and Anus 

Rt"'PI rntory ar-d Intriltheraclc Organs 

S.llw<1ry Gland" 

Ski n (rnc(;mot 1 C and ether) 

St,'mlLh 

HI ,1 J Il 

\.(,,·U\c,.Clllld'" 

L 'y1nphom,\c, 

Solrcom.h 

Cases 

6527 

333 

552 

50 

14 

363 

38 

161 

537 

58 

28 

448 

146 

21 

38 

165 

259 

657 

18 

1748 

267 

128 

166 

217 

115 

Oeviance for Model 
\/nh No lnteract IOn Terms 

1573.000 

340.500 

389.700 

142.300 

70 870 

339.200 

115.300 

239.200 

376.900 

159.100 

99710 

368800 

275.200 

73.050 

134.000 

243.100 

272.900 

415.600 

87.260 

859.200 

298.100 

192 600 

226.500 

311.000 

224.500 

DeVI ancc for Mode 1 
Wlth Interaction Terms 

1539.000 

332.300 

384.000 

138.500 

61.680 

332.000 

108. laD 

221.1CO 

366.800 

151.800 

98.320 

358.800 

265.800 

70.080 

125.100 

237.500 

267.200 

411.300 

82.810 

826.000 

293.400 

189.400 

224.200 

308.500 

220.000 



1 1 ·1 

Tables 4.25 (for DDT) and 4.26 (for organophosphatcs) 

present risk estimates for males and females scp:lr.:ltely. 

Table i. 25 dernonstrates greater consistency bcb,JcC"n the 

sexes in the case of DDT exposure than tùblc 4.:~b. 

the sites listed, onlyall sites combined and illte~-;tlne ,ln' 

essentially the same for both exposures and both scxc~;. 

Conversely, breast, eye, gallbladder, and salivdry <Jland:...~ 

dernonstrate rernarkable si tejsex shifts in bchùv iour. 1"01-

example, it is remarkable that in the C:1se of C],ll 1 bLllld01-, 

DDT exposure appear s har.mful for males but protect ive lor-

females while the reverse appears to be the C<.lSC for 

organophosphate exposure. It is, however, import:lnt ta noll' 

that these are sites with smdll numbers ai cases, anJ 

further analys is is presented be low to he l p deter-m i ne Will <"lI 

di fferences can reasonably be explained by chil.ncc i) l one. 

AlI previous risk estimates have involvcd the U!..iC of 

near-distance exposure indices for DDT and organopho~;ph,lt c.' 

sprays, in which a municipa l itl' recei ves a score 0 f 1 or 

fraction thereof (see Methods for a mo re deta i led 

explanation) for each l'ear that one or more sprdy blocr.:; l~. 

wi thin 1 kilometer. Scores are added over yCi1 r~~ to ootd in" 

total exposure score. 

The calculation of medium-range scores involves ;)11 

spray blacks within a 5 kilometer radius of each scttlcIT1l.:nt 

for DDT and a 10 kilometer radius for organophosphi:ltû':. 

~ 
l 
1 
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r "bill •. 25 Full Model (1) Relative RIsle. Estlmates for DOT Hear-Olstance Exposure (2) By Sex ard Site 

"-
Males Females 

POint Point 

Site Cases 95% C.1. Estimate Estimate 95% C.I. Cases 

1\11 Site', 3669 0.92 - 1.00 0.96 0.94 0.89 - 0.98 2858 

Ell "dder • K ldney. and Other Uri nary Organs 225 0.86 - 1.20 1.02 0.86 0.67 - 1.10 108 

BI P,!'.t 10 0.87 - 3.55 1.76 0.88 0.79 - 0.99 542 

lnd"CI lne 14 0.39 - 2.16 0.91 0.87 0.54 - 1.41 36 

( y<' 8 0.35 - 1.74 0.78 0.35 0.06 - 2.07 6 

fL'II"le Gcrl1tal (mcl. uterus/unspac 1 fi ed) NA HA NA 0.89 0.78 - 1.02 363 

(Htllblnddcr 14 0.64 - 2.29 1.21 0.48 0.19 - 1.22 24 

1 1 1 Oc fI Of d Cancer 86 0.79 - 1.33 1.02 1. 10 0.84 - 1.44 75 

Inlc',t1ne (~lJIall and large) 265 0.83 - 1.13 0.97 0.89 0.74 - 1.07 272 

ldf ynx 1,6 0.66 - 1.1,5 0.98 0.95 0.27 - 3.34 12 

L 1 \/l'I 17 0.18 - 2 _ 10 0.62 0.54 0.16 - 1.80 11 

M,tleG('/lltill (Incl. prostate) 448 o.n - 0.95 0.83 NA NA NA 

"-
Mut/th d/ld l'hnrynK 124 0.89 - 1.35 1.10 1.09 0.62 - 1.92 22 

NoI'Hll. Mlddlc (ar, S muses, Nasopharynx 11 0.03 - 4.11 0.32 0.79 0.21 - 3.00 10 

Of",t1(JW'lu', 26 0.77 - 1.66 1.13 0.29 0.06 - 1.35 12 

Pdn( (~I\t:; 91 0.60 - 1. 11 0.81 0.80 0.56 - 1. 14 74 

Rc'c 11111. RS JUlctlon and Anus 153 0.86 - 1.25 1.04 1.04 0.82 - 1.32 106 

Rl",!'11 alOI y and IntrilthoraC1C Organs 538 0.90 - 1. 12 1.01 0.93 0.73 - 1.17 119 

S,IIIVoIly Glilnd~ 11 0.24 - 1.62 0.63 0.43 0.06 - 3.07 7 

~,~ III (1I,'I,Hl0t le llnd other) 1043 0.89 - 1.02 0.95 1.06 0.96 - 1.16 705 

5\ "\I,h Il 175 0.79 - 1.18 0.96 0.85 0.63 - 1.15 92 

BI \11 n 81 0.71 - 1.18 0.92 0.81 0.48 - 1.36 47 

l t~lJ t~lIl.1 97 0.70 - 1.17 0.90 1.15 O.SS - 1.52 69 

l 'yltl'h"1Il.1 127 0.63 - 1.06 0.82 0.83 0.63 - 1.10 90 

~.ll rl~lI,l 59 0.81 - 1.51 1.10 0.84 0.58 - 1.22 56 

( 1 ) tull /11ùdcl lncludcd DDT, organophosphate, agricll! ture, urban/rural, education, incorne, french, and migration as terms 
(:) the nColl'cst spray block wlthin 1 kt l oille ter for ca ch spray year were accurulated over years 

i N<\ Il,'\ Hf'pllcùble 
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Table 4.26 Full Madel (1) RelatIve Risk Estlmatcs for OrganoçJ1osph<Jtc Ncar-Olst.m:e Exp"",ule (2) By s," .1I\d Slh' 

Site 

All SItes 

Bladder, Kldney, and Other Urlnary Organs 

Breas t 

Endocrl ne 

Eye 

Female Genital (Incl. uterus/unspeclfled) 

Gallbladder 

Ill-Oeflned Cancer 

Intest'ne (small and large) 

Larynx 

l1ver 

Mal e Gen! tal (!nc l. prostate) 

Mouth and Pharynx 

Nasal, Middle Ear, 51 nuses, Nasopharynx 

Oesophagus 

Pancreas 

Rectum, RS Junctlon and Anus 

Respl ratory and 1 nt rathorac 1 c Organs 

;>allvary Glands 

Sk 1 n (me l anot 1 c ard other) 

Stomach 

Bram 

Leukeml a 

Lymphoma 

Sarcoma 

Cases 

3669 

225 

la 

14 

8 

NA 

14 

86 

265 

46 

17 

448 

124 

11 

26 

91 

153 

538 

11 

1043 

175 

Bl 

97 

127 

59 

Males 

95% C 1. 

0.95 . 1.01 

0.77 1.02 

0.32 1.40 

0.38 • 1.25 

0.73 • 2.64 

NA 

0.44 1.45 

0.78 1.23 

0.84 1.09 

0.74 1.40 

0.54 • 1.62 

0.85 1 04 

0.69 1.03 

0.39 1.42 

0.62 1.43 

0.82 1 29 

0.88 1.23 

0.80 096 

0.66 . 2.18 

1.001.13 

0.79 1.11 

0.97 1.50 

0.79 1.21 

0.91 1.32 

0.70 1.28 

POInt 

0.98 

o 88 

o 67 

0.69 

1.39 

NA 

0.80 

0.98 

o 96 

02 

o 94 

o 94 

o 85 

o 75 

o 94 

1 03 

1.04 

o ee 

20 

06 

o 91. 

1 ;>f; 

0.98 

1.09 

o 95 

Ft'm,ll,', 

POInt 

._-- ---_ .. _--

0.96 

03 

0.R9 

2.00 

o 1\') 

a .t.B 

1 ?6 

NA 

1 01 

o 41 

1.0B 

O? 

o Il'i 

~1 

0.9? 

o 9 r 

o rd 

o Bt> 

o ',. 1.' 

, .. 
o 91 f. ~t. 

o lit, III 

o 11·, IIIl 

o 6," iN 

O.!(' 1 01, 

075 ;>1') 

NA 

061. ',1 

o 1( ll'III 

O.OJ {1 

o Hl ?'I 

fi /.' !J'I 

o f,/ .' /1 

o Il'i 

o III Il 

11 

(j 71 /') 

o ill 

() 1'; 11 

1 .' 

'. , 

r, ' , , 

,'. 
.' . , " 

1.' 

11 

IU\ 

111 

/' 

1I1!, 

11'/ 

1 

l, ( 

1:, 

" 1 

(1) full rnodel lncludcd DOT, organophosphate. agrIculture, urban/rural, educiltlrJn. lnUAllt. filTlch •• n(j Il'1'1,,,11',· J, 1 •. 

(2) the nearest spray block \0/1 thln 1 kllometer for each spray year werc uccullul atrd rd' r 1'"'Jr', 

NA not appll cabl e 
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Near-distance relative risk estimates are easiest to 

interpret insofar as they represent per year increases in 

cancer ris: The medium-distance exposure scores were 

transformed rnathernatically ta reflect spray deposition 

patterns, and therefore the risk estimates generated from 

models in which they are used have no simple interpretation. 

lIowever, because the medium-distance indices use more 

cxposure information than the near-distance indices and 

because their values are scaled to reflect certain 

assumptions about deposition rates, relative risk estimates 

generated from the analysis of each type of index were 

compJred. Their comparlson is complicated by the scaling of 

the medium-distance scores which makes their units non­

compJrJble ta those of the near-distance index. 

In order to establish uniform units for both indices, 

the 254 municipalities were assigned scores between 1 and 4 

according ta which of 4 ordered classes (quartiles) they 

belonged. This was done for each exposure (near and medium­

distJncc). Thus a score of 1 for a particular index 

indicJted that the municipality was situdted i~ the lowest 

quartile of the exposure distribution. These scores were 

treated as continuous variates in Poisson regressions thus 

providing relative risk estimates per quartile unit. Tables 

4.27 (for DDT) and 4.28 (for organophosphates) contain the 

rcsults of these cornparisons. 
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Table 4.27 Full Model (1) RelatIve Rlsk Estlmates for DDT Near'OlstJncc and Ml'dll.n-OI~t,lI1Çl" h~"".l"" \.') 
By SI te 

ML--.I'"lll DI ,1 "",' 

POInt POInt 

SIte Cases 95% C.I. E~t III~H(' E~t In~,tl" 

All Sites 6527 0.92 0.96 o 94 0.91> II 'l, 

Bladder, Kldney, and Other Urlnary Organs 333 0.90 . 1. 12 1 on 1.02 n 4) l 

Breast 552 0.82 • 0.98 o 'Ill o 9.' Il ~ , 

EndocrIne 50 0.84 • 1. 58 1 15 1.10 

Eye 14 o 54 . 1.59 o 9\ tJ '.' 

Female Genttal (Incl. uteru<;/unspeclfled) 363 077,0.95 o 35 o 'Ill Il ".1 

Gallbladder 38 0.56 . 1. 10 o 7B o 111 

Ill'Oef 1 ned Cancer 161 o 81 • 1.11 U Pli 

IntestIne (small and large) 537 0.84 1. 01 092 o Hf 

Larynx 58 0.89 - 1.60 1 19 n '1.' 

L iver 28 0.68 1.57 1.03 1 011 o II 

Male Genital Cinel. prostate) 448 o 82 1.00 o 'ID o III 

Mouth and Pharynx 146 0.791.11 o 91, 1 01, o HB 

Nasal, MIddle Ear, SI nuses, Nüsopharynx 21 0.39 1.12 o 66 o 72 1} 1.1 

Oesophagus 38 0.73 . 1. 38 1 00 1 01 o II 

Pancreas 165 0.68 0.94 o BO a.11Il o Il, 

Rectun, R5 JUnctlOf'l and Anus 259 0.91 • 1. 17 1.03 1 03 

Respl ratory and 1 ntrathorae le Organs 657 0.91 - 1. 06 a 'Ill 1 00 

Sallvary Glands 18 0.45 1. 21 a Il, (J Il, 

Skin (melanotic and other) 1748 0.90 . 0.99 o 'II, (j '11 

Stomaeh 267 o 80 1. 03 1) 'i') f J !~ l, 

BraIn 128 0.801.15 (J 'It ,) 1/ 

Leukemla 166 0.83 1.14 o 91 01 (j '11 

Lymphomd 217 0.83 1.10 0.9(, (JU r J r~I, 

Sarcoma Ils 0.85 • 1.25 1 O~ 1.01, o W, 

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

(1) full model ,ncluded DDT, organapha<;phate, agrIculture, urban/rural, '.'dUC'ltl<,n, InrrJII<', fI' n' h, >1,,1 

mIgratIon as terms 

(2) the nearest spray block wlthln 1 KIIO'neter far each ~pray yf!ar \I('re "rc.UIIIlI .. tf,-j 0"'" 1'''''. 

l, 

: 1 

~ 1 

',\ 

1111 

'\ 

1. 11 

1 1111 

1 1)', 

,. ;>1. 

l ,'0 

1.f)I, 

1. 1/ 

? 11 

", 
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r ,bIc- 4.28 Full Mode 1 (1) RelatIve Rlsk Estimates for Organophosphate Near-Distance and Mediun-Distance 

ExposL're (2) By SIte 

A Il S 1 te~ 

Blillxkr, Kldney, and Other Urlnilry Organs 

Brea<; t 

[rdoc r 1 ne 

Eye 

F.1nal e Genl ta l (1 ncl. uterus/un~pec If 1 cd) 

Gallblnddcr 

Ill'Dcf IncO Cùncer 

lnte.,r 1 ne hmilll and large) 

Larynx 

Llver 

M,Ile G0n1t.l1 (Incl. pro~t:lte) 

Mou! h dm Phar'ym, 

N"',,ll, Ml<ldle E ùr, SI n'j',e5, Nn~orharynx 

P,Jncreil<; 

Rl'c tum, RS June t Ion .. rd Anus 

Re',pl ri] tOI y and 1 nt rathorac 1 c Organs 

S,lllvar'y Gl,lnch 

~~ 1 n (11,.'l.lIIot, c ilnd other) 

BlaIn 

S,II romil 

Cases 

6527 

333 

552 

50 

14 

363 

38 

161 

537 

58 

28 

448 

146 

21 

38 

16, 

259 

657 

18 

1748 

267 

128 

166 

217 

115 

Near-Olstance Medllm-Distance 

Point Poi nt 

95% C.I. Estimate Estimate 95% C. J. 

0.91 . 0.95 

0.83 . 1.02 

0.89 - 1.05 

0.63 1.05 

0.84 2.50 

0.83 1.01 

0.79 . 1.44 

0.78 . 1.04 

0.81 0.96 

0.70 1. 17 

0.69 1.45 

0.84 1.01 

0.76 . 1.04 

0.36 0.85 

0.73 1.34 

0.79 . 1.07 

0.85 1.08 

0.83 0.96 

0.83 2.20 

0.92 1.00 

0.79 1.00 

0.85 1.20 

0.81 1.08 

0.84 1.09 

0.84 - 1.20 

0.93 

0.92 

0.97 

0.81 

1.44 

0.92 

1.07 

0.90 

0.88 

0.90 

1.00 

0.92 

0.89 

0.56 

0.99 

0.92 

0.96 

0.89 

1.36 

0.96 

0.89 

1.01 

0.93 

0.96 

1.00 

0.94 

0.94 

1.00 

0.84 

1.60 

0.93 

1.02 

0.90 

0.88 

0.96 

1.06 

0.92 

0.85 

0.56 

1.08 

0.87 

0.96 

0.90 

1.35 

0.98 

0.91 

0.96 

0.98 

1.00 

0.99 

0.92 0.97 

0.85 1.05 

0.92 1.08 

0.65 1.09 

0.91 2.82 

0.84 1.03 

0.76' 1.37 

0.77 1.05 

0.81 0.96 

0.74 1.24 

0.73 1.52 

0.84 1.00 

0.72 . 0.99 

0.37 . 0.86 

0.80 1.47 

0.75 1.02 

0.85 1.08 

0.84 0.97 

0.83 2.22 

0.94 1.02 

0.80 1.02 

0.81 1.14 

0.84 1.13 

0.88 1.14 

0.83 1.19 

(1) full model Includcd DDT, organophosphiltc, agrICulture, urban/rural, education, Incorne, french, mIgratIon 

a.... tcrnr., 

(,') the n,'.11 ,'>ot spr;:,y block WI thln 1 k IlOOletcr for each spray year were accurrulated over years 



An examination of the relative risks for DDT in T .. Ü)lc 

4.27 indicates remarkable sirni lari ties betwccn thè indcx­

speci f l.e es imates; excepting those of sa li vùry glands. 1\ 

similar pattern is apparent in Table 4.28 for orgùno­

phosphates. 

Tables 4.29 through 4.32 compare relative risks [rom 

aIl non-city municipali ties wi th relative risks from 

rnunicipalities with populations < 2500 (r~ral). The moùcl~; 

for aIl municipalities contain terrns for aIl covQriablcs 

including urban/rural while rnodels for rural municipal i tjc~; 

include aIl covariables except urban/rural. 

1 ..... 0 

Despi te the control of the urban effect th rough the 

exclusion of cities and the use of an urbùn/rurùl factor ln 

the analysis, further analyses restricting obscrvùtion~3 ta 

rural rnunicipalities were conducted. Civen the strcnqth of 

the urban effect i t was important ta invest iCJi1te the ùcqrec 

to which spray effects might be masked as il rcsu] t of 

residual urban confounding. 

One previously non-significant relative risk, DDT 

exposure for all sites in males achieved borcerl ine 

statistical significance in the analysis of r lral 

rnunicipalities (See Table 4.29). 

Three relative risks, organophosphéltc cY-posurc i1ll'J (pl l -

bladder cancer for males; organophosphate and ill-de 1 j n(~d 

cancer for males (Table 4.31); organophosphi1~e and enrJocrinr..! 

cancer for females (Table 4.32) 1 changed dl rect ion f rom 

negative to positive in the analysis of ruri11 municipr.:tlitir~s. 

• 



r"bl" f, l'i Male Full Model Relative Rlsk Estlmates for DDT Near-Dlstance Exposure (1) Sy Site 

for ALI Munlclpalltles (2) and Rural Munlclpalitles (3) 
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All Muni ci pall tles MunicIpal i t ies \/1 th Popul at Ions < 2500 

POInt POInt 

SI te Cases 95% C.1. Estlmate Estlmate 95% C.I. Cases 

-- -- ---------------------------------------
Ail SI tp" 

ni ,,~j'I, Kldney, and Other Urlnilry OrgQn& 

BI t 1. t 

r r .. Jue f 111" 

1 Y" 

r 'ill"l e Gcnltill (1 ncl. uter us/un'ipec 1 f led) 

f, .. llbli1o:lcr 

III Dd lIll'd C,lncPf 

I,,! '!', Il nl' hlll,ll l and large) 

ldl yllX 

ll'J!'r 

M.de' ~,t'nlti1l (Illcl pro<;tnte) 

M"uth ,md Ph'1I'ylll\ 

Nd'"II, Middle Eilr, Sinuses, Na'iopharynx 

P.I/lel P,J', 

R"L tu,", RS Junctl0n ôrd Anu~ 

Rt".f'lrdt,>ry and tntli1thoraCIC Orgélns 

<,.Ill V,II y l.l.lmh 

<,\ III '.',l'I .Ultll 1 C éll1d cthl'r) 

hr.Jln 

l {'lJ~ 1~lJll d 

3669 

225 

10 

14 

8 

NA 

86 

265 

46 

17 

448 

124 

11 

26 

91 

153 

538 

11 

1043 

175 

81 

97 

127 

59 

0.92 - 1. 00 

0.86 . 1.20 

0.87 - 3.55 

0.39 . 2.16 

0.35 - 1. 74 

NA 

0.64 2.29 

0.79 1.33 

0.83 - 1.13 

0.66 . 1.45 

0.18-2.10 

0.72 - 0.95 

0.89 . 1.35 

0.03 . 4.11 

0.77 . 1.66 

0.60 1. 11 

0.86 1.25 

0.90 1.12 

0.24 1.62 

0.89 . 1.02 

0.79 1.18 

0.71 1.18 

0.70 1.17 

0.63 .06 

0.81 1.51 

0.96 

1.02 

1. 76 

0.91 

0.78 

NA 

1.21 

1.02 

0.97 

0.98 

0.62 

0.83 

1. 10 

0.32 

1.13 

0.81 

1.04 

1.01 

0.63 

0.95 

0.96 

0.92 

0.90 

0.82 

1. la 

0.95 

0.96 

1.88 

0.76 

0.83 

NA 

1.07 

0.95 

0.93 

0.91 

0.69 

0.86 

1.05 

0.35 

1.18 

0.82 

1.02 

1.01 

0.51 

0.95 

0.99 

0.94 

0.85 

0.77 

1.02 

III ttH' nl',UL",t ',pr,lY black \llthln 1 kllometer for each spray year were accurrulated over years 

0.91 0.99 

0.811.14 

0.81 4.36 

0.26 . 2.24 

0.36 . 1. 92 

NA 

o 57 • 2.00 

0.71 1.27 

0.78 1. C9 

0.60 1.39 

0.21 2.29 

0.74 0.99 

0.84 1.31 

0.03 3.78 

0.78 1. 77 

0.60 1. 13 

0.84 1.25 

0.90 1.13 

0.15 1.73 

0.88 1.02 

0.80 1.23 

0.72 1. 23 

0.641.13 

0.58 1.01 

0.73 1.44 

2788 

, 7'6 

7 

8 

6 

NA 

12 

196 

31 

12 

340 

102 

6 

23 

80 

114 

413 

10 

771 

141 

63 

72 

92 

45 

(,') tulllllc)ti,'l Illcludl'J DDT, orgilnopho~philte, agriculture, urb,m/rural, education, Inccrne, french, and mIgratIon as terms 

(i1 tulllll",J.ol IncluJl'd DDT, orgéJnaphosphilte, agriculture, education, 

1t', L'Ill', t,. ench, ùnd ml gr:lt Ion as tcrms 



Table 4.30 Female Full Madel RelatIve RISk Estlmates for DDT Near-Distancc Exposure (1) Sy SIte 

for All Municipalltles (2) and Rural MUnlClpalltles (3) 

All MUnlCI pall tICS 

POInt POInt 

Site Cases 95% C.l. Est 1I11ùte E~t IIIl.lte 

All Sites 2858 0.89 - 0.98 0.94 0.92 

Bladder, Kldney, and Other Unnary Organs 108 0.67 LlO 0.86 0.85 

Breas t 54~ 0.790.99 0.88 a 85 

Endocri ne 36 0.54 1.41 0.87 0.7B 

Eye 6 0.06 2.07 0.35 0.36 

Female Genital (Incl. uterus/unspec1fled) 363 0.78 1. 02 0.89 0.90 

Gallbladder 24 0.19 1.22 0.48 0.38 

Ill-Oef ined Cancer 75 0.84 1.44 1. la 1 09 

Intest HIe (small and large) 272 0.74 1.07 0.89 0.88 

Larynx 12 0.27 3.34 0.95 0.87 

L \Ver 11 0.16 1.80 0.54 0.56 

Male Gem tal (1 ne l. prostate) NA NA NA NA 

Mouth and Pharynx 22 0.62 1 92 1.09 o 99 

Nasal, MIddle Ear, Slnuses, Nasopharynx 10 0.21 3.00 0.79 o 118 

Ocsophagus 12 0.06 1 35 0.29 o .B 

Pancreas 74 0.56 1.14 0.80 0.77 

Rectum, RS Junction and Anus 106 0.821.32 1.04 1.0/, 

Resplratoryand Intrathoraclc Organs 119 0.73 1.17 0.93 0.81\ 

Sallvary Glands 7 0.06 3 07 0.43 a 39 

Skln (melanotlc and other) 705 0.96 1. 16 1.06 

Stom.:lch 92 0.63 1 15 o 85 

BraIn 47 0.48 1.36 0.81 

Leukeml a 69 0.88 1. 52 1. 15 16 

lymphoma 90 0.63 1 10 0.83 0.79 

Sarcoma 56 0.58 1.22 0.84 o 76 

(1) the nearE'st spray block \llthln 1 kllOOletcr for each spray year wcre <lccUllul,,!r.r1 Ol/r.r yr.<lr', 

0.8l . a 96 

o 46· lo' 

0.07 'Ill 

0.78 UI. 

0.11 Sil 

0.81 1./, 

0.72 III 

0.17 . l, Id 

0.17 

tlA 

0.17 1. {,rj 

o .Oll 1 51 

o 7rJ y, 

o 69 1 ~ 

o (Jf; ? /'1 

o 'II. 11. 

f) U II 

O. ';Il 'JI 

0.51 11. 

(2) full model included DDT, organophosphate, agriculture, urban/rural, C'duc"t ICJn, IrU.A!l", fru,th, "rd 

mIgratIon as tcrms 

(3) full model included DDT, organophosphate, agrIculture, educatIon, InU,flf', frrJ,rh, iJr,rj '''''JfiJtlr,n d', t',,, .. 

NA not applIcable 

l.' .2 

l'.,' '''. 

" 

:.' J 

" 

, . 
" 

l'N, 

'1 

liA 

11. 

r) 

1", ., 

') 

(,' 

, l, 

CI 
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T"bll~ 1 •• Sl Male Full Mcx:lel Relative Risle Estunates for Organophosphate Near-Oistance Exposure (1) By SIte for 

Ali Munlclpallties (2) and Rural Municipallties (3) 

Ali Munlclpalltles Munlclpalltles Wlth Populations < 2500 

SIte 

Ali SIte,> 

fi 1 a'~ II r, KI dnr>y, and Other Url nary Organs 

BrPd',t 

[rdorrlnf> 

t ye 

rl111ille GI'nltal (Incl. uteru<;/un<;peclfled) 

G.lliblildder 

1 ll'Df'f 1 ned Cancer 

lnte'.t1ne (small and large) 

Lill yllx 

Ilvei 

M,dc'Gc'Illlai (Incl. prostate) 

Mlluth ilrd Pharynx 

N,I'"II, MIddle Ear, Slnu~es, Nasopharynx 

Rt'rtlllll, RS Junctlon ard Anus 

R'H,PlliltOI'Y and Intrathoraclc Org<lns 

SoIllv.lry Gland., 

L l'll,t'1I11 a 

S.1I "'1I_1 

Cases 

3669 

225 

la 

14 

8 

NA 

14 

86 

265 

46 

17 

448 

124 

11 

26 

91 

153 

538 

'1 
1043 

175 

81 

97 

127 

59 

95% C.I. 

0.95 - 1.01 

0.77 - 1.02 

0.32 - 1.40 

0.38 - 1. 25 

0.73 - 2.64 

NA 

0.44 - 1.45 

0.7/3 - 1.23 

0.84 - 1.09 

0.74 - 1.40 

0.54 - 1.62 

0.85 - 1.04 

0.69 - 1.03 

0.39 - 1.42 

0.62 - 1.43 

0.82 - 1.29 

0.88 - 1.23 

0.80 - O.9b 

0.66 - 2.18 

1.00 - 1. 13 

0.79 - 1.11 

0.97 - 1. 50 

0.79 - 1.21 

0.91 - , .32 

0.70 - 1.28 

POInt POInt 

Estimate Estlmate 

0.98 0.98 

0.88 0.94 

0.67 0.76 

0.69 0.62 

1.39 1. 15 

NA NA 

0.80 1 Ga 

0.98 1.12 

0.96 1.04 

1.02 1.38 

0.94 0.88 

0.94 0.87 

0.85 0.86 

0.75 0.97 

0.94 o 88 

1.03 1.01 

1.04 1.10 

0.88 0.88 

1.20 1.52 

1.06 1.02 

o 94 0.88 

1.20 1.19 

0.98 1.05 

1.09 1.17 

0.95 1.00 

(1) the neare~t spray black WI thln 1 kllometcr for each spray year were accUIIYJlated over years 

95% C.1. 

0.94 - 1. 02 

0.791.11 

0.28 - 2.03 

0.26 - 1.48 

0.51 - 2.60 

NA 

0.58 - 2 00 

0.86 1.46 

0.89 - 1. 22 

0.94 - 2.04 

0.44 - 1. 77 

0.76 - 0.98 

0.68 1.09 

0.42 - 2.23 

0.54 - 1.42 

0.78 1.29 

0.90 - 1.36 

0.78 - 0.99 

0.83 - 2.78 

0.94 - 1.10 

0.72 1.08 

0.90 1.57 

0.80 - 1. 38 

0.93 - 1.47 

0.70 - 1.45 

,:) full 111L>Jl'l Included DDT, or'gi1nopho~phate, agriculture, urban/rural, educatIon, income, french, and 

illl~l.ltl0n a' tern~ 

(\) full m,,,-iel Includl'd DDT, ofgi1f1opho-;phate, agrIculture, educatIon, Incorne, french, and mIgratIon as terms 

Cases 

2788 

176 

7 

8 

6 

NA 

12 

68 

196 

31 

12 

340 

102 

6 

23 

80 

114 

413 

10 

771 

141 

63 

72 

92 

45 
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Table 4.32 Female Full Model RelatIve R1Sk Estlmates for Organophosphatc Ncar·Ol<,t.1nCC hpo~urc IndlcL'~ (1) By SIl,' 

for A II Mun icipal i t i es (2) and Rural Muni ci pall tl es (3) 

A II MUni C 1 pa lit 1 cs 

POl nt POInt 

SIte Cases 95% C.l. E.,t lmlltc E.,t 1 lII<lt l' 

ALI Sites 2858 0.92 - 0.99 o 96 o 97 

Bladder, Kidney, and Other Urlnary Orgllns 108 0.86 • , .24 1.03 07 

Breast 542 0.94 1. 12 1.02 O~\ 

36 0.64 • 1.24 0.89 1.08 

Eye 6 0.91 - 4.36 2.00 1 91 

Female GenItal (Incl. uterus/unspcclfled) 363 0.86-1.07 o 96 o 9"? 

Gallbladder 24 0.84 1.80 1.23 , 20 

1 ll'Oeflned Cancer 75 0.67 1.09 o 8~ 0.114 

IntestIne <small and large) 272 o 76 0.98 o 86 o fJ / 

Larynx 12 0.22 1.04 0.411 o 36 

L lVer 11 0.73 - 2.19 , .26 1.1'1 

Male Genital (Incl. prostate) NA NA NA lM 

Mouth and Pharynx 22 0.64 - 1.57 LOI 1 Il' 

Nasal, M1Cldle Ear, Slnuses, Nasopharynx 10 0.17 0.98 0.41 0.21J 

Oesophagus 12 0.68 • 1. 71 1 08 1 16 

Pancreas 74 0.81 - 1.29 1 OZ 1.01. 

Rectum, RS Junctlen and Anus 106 0.72 1.09 O.B'I o lU, 

Resplratory and Intrathoraclc Organs 119 0.82 1. 20 o 99 fJ rll 

Sal1\lary Gl ands 7 0.62 2.77 1 31 

Skln (melanotlc ard other) 705 0.85 1.00 092 o 'II) 

5 tomach 92 0.78 1.21 o 9/ o ';ll 

BraIn 47 0.58 1 • 17 0.85 

Leukemla 69 0.72 - 1.20 0.93 O.9~ 

Lympnooa 90 0.81 1.23 1.00 

Sarcoma 56 0.751.31 o 99 0'1 

(1) the nearcst spray black WI th ln 1 kllomcter for each spray year were ùCCUII1JliJtrrJ r:.d' r Ir Jf • 

o 9<' 01 

l', 

o 70 

0./11 Ot, 

(j (6 , .'1.' 

o /,,' 1. l', 

a 11. III 

o Il II, 

06\ ? .H, 

NA 

o /,1. 

o Ob 

o lf~ ~/l 

o {,f, 1\ 

o Il 1.,' ~ 

o ~(I (,Il 

(J IV IJlI 

r) l') il 

o ',//'I 

o 71 

IJ III 

III 

1,1) 

, , ), 

(2) full model lncluded DDT, orgùnophosphùte, agrIculture, urban/rural, <:.-ducatl',n, Ir,UJIIC, frrnrh, "lfJ 

mIgratIon as terms 

(3) futl model lncludcd DOT, orgilnophosphilte, agrIculture, educatIon, lnCCtnoe, fr':r>'h, :JnrJ ml'lroltl<)" d'. trrrfr 

NA net applIcable 

['.1'.,,,. 

", \ 

" , , 

l'II " , 

1', 

, . 
li 

/1 

'1 

lM 

11. 

/, 

1,'/, 

li 



Thcse three new positive relative risks remained small and 

statist1cally non-significant. 
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Of the sites of cancer for females where relative risks 

were greater than 1.0 in the analysis of aIl municipalities 

and remained greater than 1.0 in the analysis of rural 

municipdlities, organophosphates and cancer of the larynx 

and organophosphates and cancer of the salivary glands 

achieved higher relative risks among rural municipalities 

than among aIl municipalities. A similar increase is 

present for organophosphate exposure and cancer of the 

salivary glands in males. Of the remaining sites of cancer 

for males where relative risks were greater than 1.0 in the 

analysis of aIl municipa1ities and remained greater than 1.0 

in the analysis of rural municipalities, DDT exposure and 

brcdst cancer and organophosphate and cancer of the larynx 

arc larger for rural relative to urban municipalities. 

Table 4.33 contains Poisson based power estimates for 

cancer risks associated with DDT and organophosphate 

cxposure with an alpha set to .05 or 1ess at each of 3 

relative risk leve1s. Thirteen of the 25 DDT/cancer site 

cstimates have more than 80% power to detect a relative risk 

of dt lcast 1.5 if present. On1y 5 out of 25 of the 

organophosphate/cancer site estimates attain simi1ar power. 

For a relative risk of 5.0, only 1 DDT/cancer site estimate 

and 6 organophosphate/cancer site estimates have power less 

than 80~. 
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Table 4.33 Power to Oetect a RelatIve Rlsk ot Least as Large as Those Spec1flcd for nn Alphn 01 .0'> 
for DDT and Organophosphate Near'Olstance Cutoffs (1) 

-------- -- -
RR For DDT RR for 01 g,lIh'I')h' .l'h,lt,·, 

- -- -~--- -
Cases 1.5 2.5 5.0 1 ~ 2 ~ " II 

Site 

All Sltes 6527 1.00 1.00 1.00 1.00 (lI) 1.1I11 

Bladder, Kldney, and Other Ur 1 nary Orgnns 333 0.97 1.00 1.00 o 75 (J,I 1
'

11 

Breast 552 1.00 1-00 1.00 (] 91 (l11 Iid 

Endocrl ne 50 0.39 0.92 1 00 o 11 0 \'l (1 /H 

Eye 14 0.08 0.30 0.69 o !lO () UU II l'Il 

Female Genl tal (Incl. uterus/unspeclfied) 363 0.98 LOO 1.00 (l.Ill 1111 ll!l 

Gallbladder 38 0.27 0.80 , 00 (1 III Il Il Il (/, 

1 ll'Oef i ned Cancer 161 0.30 1.00 1.00 o 1.6 IJ !)tJ Ill' 

Intestine (small and large) 537 1. 00 '.00 1.00 o '10 UII 1111 

Larynx 58 0.42 0.95 1.00 o 16 0 ',1 Il HH 

Llver 28 0.18 0.63 o 97 o D', o 1/ (J.I.1l 

Male Gent tal ( Incl. prostate) l,1,8 0.99 '.00 1.00 (I I\!, 11/1 1 1111 

Mouth and Pharynx 146 0.73 1.00 1.00 li I.n ù If ~ 1./111 

Nasal, Middle Ear, Slnuses, Nasopharynx 21 0.20 0.59 0.94 0 11 U ;)IJ () I)IJ 

Oesophagus 38 0.27 0.80 1.00 0 111 1) 51 () t,II 

Pancreas 165 0.78 1.00 1.00 DI.? Ù (il IHJ 

Rectum, RS JUnctlOf1 and Anus 259 0.94 '.DO 1.00 a 1;') 01) 1.IH) 

Respl ratory and 1 nt rathorac 1 c Organs 657 1.00 1.00 1.00 o 'i~ 1)1) IJI) 

Sallvary Glands 18 0.19 0.54 0.91 o 00 0 IJl) IJ IJI) 

Sk ln (me l anot IC ard other) 1748 1.00 1.00 00 1 {JI) fJ'J '/J 

Stollklch 267 0.94 1 00 DO 1) /,/, r " 

BraIn 128 0.70 1.00 1.(J0 fJ H 1) '/! J ( " 

Leukeml a 166 0.81 1.00 , 00 o 1.1 IJ 'p, I,'J 

Lymphoma 217 0.89 1.00 1.00 r; ')7 1; 'li ' ' , . 
Sarcoma 115 0.67 1.00 1.00 o ?f! 0 I~I '/J 

(1) near·dlstance scores >0 relatIve to scores of 0 were u<;ed 
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Tables 4.34 through 4.37 conta in full model (aIl 

covariates in) results for sites in this study with a high 

pcrcentage of non-microscopically confirmed cases and for 

sites selected from the literature. Relative risk estimates 

are presented for aIl cases and for the subset of cases that 

were microscopically confirmed. For DDT (Tables 4.34 and 

4.35), the results are similar under both conditions with 

the possible exceptions of gallbladder in males and myeloid 

lcukemia in females. For organophosphates (Tables 4.36 and 

4.37) the only exceptions to the pattern appear ta be liver 

and myeloid leukemia in females. 



1 1 \' .. ~ \. , 

Table 4.34 Male Full Model (1) RelatlVe R1Sk Estimates for DDT Near'Olstancc E,pù~Llrc (2) Sy SIte ilnd 

M'croscopic ConfIrmation 

MI Crœ,lO\l1 c,d l., 

All Cases Conf 111I~'d 

------------ -
POInt POInt 

Site Cases 95% C.1. Estlmate Est IIn .. tc 95% C 1. l.l t 

All Cancer 3669 0.92 1.00 0.96 0.95 o 91 l.nll \1'.", 

BraIn 81 0.71 1.18 0.92 O.,go o b:' .'1I " 

Erdocnne 14 0.39 2.16 O.Ql 1.03 0. 1.1 ;> 1\') 11 

Gallbladder 14 0.64 2.~Ç '.21 0.92 o W :' ,'li 1.' 

Leukemla (excludmg myelold) 69 0.68 1.30 0.94 1.03 o 63 b') Sil 

L lver 17 0.18 2.10 0.62 a 56 o 10 !ln 11 

Melanoma 14 0.29 1.24 0.60 o 60 0 ?9 2/. 1. 

Mul tlple Myeloma 17 0.50 1.81 0.95 1 QO U 1.'1 , U"', 1.' , 

Myelold Leukemla 28 0.52 1.27 a 81 o 11/ 0 )~ ~ (J . " 
Non' Hodgk 1 ns Lyrrphoma 67 0.56 1.13 a 80 0.82 0 '.'; If, t" 

Pancreas 91 0.60 1. 1 1 0.81 0.7.5 0 1.1. 1', l , 

" 

Prostate 442 0.73 0.96 0.83 0.8'> o /5 o 'Ill ~ 1;'-

Respl ratory System 538 0.90 1. 12 LOI 0.95 0 PI. 1 Il', l,li. 

Soft'Tlssue Sarcomas 23 0.44 1.60 0.84 o 77 0 11\ 1.',') , . 
(, 

Stomach 175 0.79 1. la 0.96 0.9S 0 71. 1/ 1/.1 J 

Urlnary System 226 0.86 1.20 1 02 o '19 (J 1\4 1/ f
l l/. 

-----

( 1 ) full model lncluded DDT, organophosphate, agrIculture, urban/rural, educ:,t l lJn. 1 n( (.JIll ~ f r UK li • • 1I"j flll'jl dt l',f\ 

as terms 

(2) the nearest spray block \011 thln 1 kllometcr for cach ~pray ycar IoIcrc iJccurllJldtf d (Jill r Y"dr .) 



T"bl,! 4 35 Feilldle Full Model <1> RelatIve Rlsk Estlmates for DDT Near-DIstance Exposure <2> By SIte and 

Mlcro<,coplc ConfIrmatIon 

MI croscopl call y 

All Cases Conf 1 rmcd 

POInt POInt 

SIte Cases 95:' C.1. Est lmate Est Htlate 95% C.l. 

fd 1 Loin, cr 2858 0.89 - 0.98 0.94 0.94 0.89 0.9? 

B'd'rl 47 0.48 - 1.36 0.81 0.99 0.54 1.80 

l "Jue rlne 36 0.54 - 1.41 0.87 0.82 0.50 1.36 

(,dll bl.Hlder 24 0.19 - 1.22 0.48 0.52 0.20 1.)7 

l PlJ~ eml a (excludlng myelold) 58 o 76 - 1.44 1.05 1.02 0.64 1.65 

l,v .. , 11 0.16 - 1 80 0.54 0.63 0.14 2 96 

r~t l dn l A'rl.l 21 0.69 2.37 1.27 1.27 0.69 2 37 

M.Ji r 'rll' Myel ulll.1 13 088 - 3.36 1. 72 1. 71 0.82 3.53 

M'tl'lnHl ll"U~l'mlil l' 0.87 - 3.06 1.63 1.25 0.60 2.61 

N,_n H"l<l' ln.., l yTT'Çhon,] 55 0.50 - 1.07 0.73 0.74 0.50 1.09 

P.Jfll red', 74 o 56 1. 14 0.80 0.90 0.58 1.41 

PI t)·,t.lt e NA NA NA NA N4 

RI' plf.ltOf y Sy'>tl'Ifl 119 0.73 - 1.17 0.93 0.94 0.73 1.20 

"-n'f t TI"lll' $.)rCO'lld', 33 0.30 1.24 0.61 0.77 0.39 1.55 

~tl)moll h 92 0.63 - 1. 15 0.85 0.73 0.49 1.C9 

!J, 11h11 Y Sy..,tclTl 109 0.67 - 1. 10 0.86 0.87 0.66 1 1~ 

-----
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Cases 

25~6 

35 

33 

19 

22 

6 

21 

11 

8 

53 

33 

NA 

96 

31 

70 

98 

(1) tull modcl Includl'd DDT, orgiJnopho~phatl'. agrIculture, urban/rural, edL.Catlon, Income, french, ard mIgratIon 

d'. tf'rl~ 

(,') !Ill' nI' .. "",! "'pr~y block ,l1thln 1 kllane!er for each spray year wcre acculTl.Jlated over years 
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Table 4.36 Male Full Model (1) RelatIve Rlsk Est Imates for Organophosphate Neill 'OI~"mCt' E'p""uI" (2\ !h SI t" ,m,1 

Mlcroscoplc ConfIrmatIon 

- --_.- - - - -

MIC l,)' l "l'Il ,1\ \ \ 

All Cases Cl)!> t 1 1 Il li ,,1 

----_._--~ - -- - -

POInt Poul( 

Site Cases 95% C.I. Est Imate E~t In~1tc 9',. r l \ , 

- - - - - ---

AU Cancer 3669 0.95 - 1.01 0.98 o 'lB O.',)" Il,' ,: 

Bra ln 81 0.97 1.50 1.20 1. 11 O. <,Il) '.\ I,:, 

Endocrine 14 0.38 - 1.25 0.69 O.th n 5:, .'B 1\ 

Gallbladder 14 0.44 - 1.45 0.80 o 72 0 5/ \1\ 1.' 

Lcukemia (excludlng myelOld) 69 0.69 - 1.15 o 89 1.13 0.7: t,r) ~I! 

Llver 17 0.54 • 1.62 o 94 21 0 'J ') :' '/0' 11 

Melanoma 14 o 57 1.56 0.95 0 95 0 ' . ." (dl 1" 

MultIple Myeloma 17 0.54 1.49 0.90 1.02 II (,') t'fi 1.-

Myelold Leukemla 28 0.86 - 1.87 1.27 S'} 0 9,' ) 111 /'. 

Non-Hodgklns Lyrrphoma 67 0.95 - 1 60 1.23 19 () rn '/, t"1 

Pancreas 91 0.82 - 1.29 1 03 0 BH U tJ') 1'1 ' , 
" 

Prostate 442 0,85 - 1.04 o 94 a fl? 0 ,I~ ; {Jt} ~{;.I 

Resplratory System 538 0.80 0.96 o 88 o BII Il 
" 1 

o (~,~ l,lI, 

Soft-TI ssue Sarcomas 23 o 50 1.39 o 84 o P,I! (J 'J/ 1,/\ t',' 

Stomach 175 0.79 1.11 0.94 1 01 (J II' 
\ ~'. il 1i,f! 

Urlnary System 226 o 76 1.02 0.88 [) 91) (J II! fl/, ,"', 

(1) full model Included DDT, organopho~phate, agrIculture, urbiln/rurill, cdLJratl'Jfl, ]["'''''', I//I,(b. ,H,l ""'1''' l,', 

as terms 

(2) the nearest spray block IoIlthln 1 kllometer for each .,pr.Jy year were accuITlJI"t,,! "V' r y, "r'. 

NA nct aopllcable 
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r .. ble 4 37 Ft'fl1ale Full Model (1) Relative Rlsk Estlmates for Organophosphate Near-Olstance El(posure (2) By Site and 

MlcroscoplC ConfIrmatIon 

Mlcroscopically 

ALI Cases Confi rmed 

POInt POInt 

51 te Cases 95% C.I. Est Imate Estlmate 95~~ C.I. CiJses 

All Lmt..,r 2858 0.92 0.99 0.96 0.96 0.92 - 1.00 2546 

(!,dln 41 0.58 - 1.17 0.83 0.71 0.47 - 1.09 35 

[ndoc r 1 n ... 36 0.64 - 1.24 0.89 0.96 0.68 - 1.36 33 

["Illbl.lddpr 24 0.84 - 1.80 1.23 1. 27 0.83 - 1.95 19 

L PlJ~ 1.'1111.1 (e~cludlng myclord) 58 0.70 1.22 0.92 0.99 0.63 - 1.56 22 

l 1 Vf'/ 11 0.73 2.19 1.26 0.88 0.37 - 2.11 6 

Mel "rh .. lld 21 0.29 - 0.86 0.50 0.50 o 29 - 0.86 21 

Mul tIpI e Myf'l una 13 0.31 1.21 0.61 0.66 0.31 - 1.40 11 

Myl' 1 ü r d leu"enll il 1 1 0.45 1.93 0.93 1.33 0.61 - 2.92 8 

Hon-Hodgk ln.., l 'f11lJh onk] 55 0.90 1.51 1. 16 1. 15 0.89 - 1.50 53 

P.IJ1Crc .. " 74 0.81 - 1.29 1. 02 0.95 0.67 - 1.35 33 

PI Ill,t,ltc NA NA NA NA NA NA 

R, .. ,pl r,ltor y SV', tpm 119 0.82 1.20 0.99 1.03 0.84 - 1.26 96 

",!,tt '1', .tH"' Sdl Cufll .. .., 33 0.74 1.54 1.07 1. 11 0.76 - 1.62 31 

~ \""'" Il 92 0.78 1.21 0.97 1. 05 o 82 - 1.35 70 

UI 11\,11 Y Sy..,tcfO 109 0.86 1.24 1.03 0.98 0.80 - 1.19 98 

-- -----

(1) full IlIcodpl 1 ne l UdL'd DO T , org:mophosph<lte, agrIculture, urban/rura l, educatIon, 1 ne omf> , french, and mIgration 
()' .. tl"r Ilb 

(,') thl' nl'.1rr",t "prilY block 1./1 thln 1 k IlOOIeter for eiJch spray ycar were accumulatcd over years 

~ ,\ n, t ,lfrll,,-,l,te 



CHAPTER V 

DISCUSSION AND CONCLUSIONS 

1. INTRODUCTION 

This study was intended to provide a b,l~, L; fOl" 

proposing case-control studies of specific cancer Sit0~, il 

warranted. It has estirnated the level of site specifie 

cancer risk associated with 2 categories of pesticIde "pr,lY 

formulations used in the New Brunswick forest protectlon 

programme using municipalities as units of an~lysis. 

Two exposure indices were developed for e,lch c 1 tl:.~-; () 1 

formulations, DDT and organophosphates, and Po i ~-;:::;on 

regression was used to examine the impact of the sc mOd~,LH l'!; 

l J .' 

on cancer risk within the context of a globùl clùs~-;liicdtl(Jn 

of cancers (25 site groupings). six additionë\l Cilnccr ~"ltl':, 

were examined based on a review of the pesticlùe ùnd Cd!)(',,!" 

literature. These are' 

a) non-Hodg~:in's lyrnphornLl (ICO-O:l'1(J')()-W)(J'1,1~()(J'J); 

b) prostate (ICD-9:T185); 

c) soft-tissue sarcoma (ICD-O:M830-M8~)); 

d) myeloid leukernia (ICO-O:M986); 

e) leukemia (excluding lilyeloid) ICD-():r~(J?'()-I~rJ;l'" ;~'J;~ j­

M998); 

f) multiple rnyelorna (ICO-O:M97JO). 
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Seven potential confounders were considered and retained 

in the final regression models. These are: 

a) other forestry spray; 

b) agricultural activity; 

c) urban/rural residencei 

d) migration; 

e) education; 

f) incarne; 

g) language/culture. 

Seven of the 124 exposure/site/sex specifie risk 

estimates were found to have 95% confidence intervals that 

exc1uded 1.0. This is about the number expected by chance 

aiane. 

'l'he standardized incidence ratj ùs per unit of exposure 

werc: 

.94 (.89 - .98) for DDT and all cancers (females); 

.96 (.92 - .99) for organophosphates and aIl cancers 

(females) ; 

.88 (.79 - .99) for DDT and breast cancer (females); 

.86 (.76 - .98) for organophosphates and intestinal 

cancer (females); 

.41 (.17 - .98) for organophosphates and nasal, ~iddle 

ear, sinuses, nasopharynx cancer (females); 

.85 (.73 - .96) for DDT and prostate cancer (males) i 

.88 (.80 - .96) for organophosphates and respiratory 

and intrathoracic organs (males). 



l J.\ 

Values within brackets are 95% confidence limits and al l 

exposure units are per nurnber of times (years) within l 

kilometer of at least 1 spray block. 

Five of the seven were for females and aIl seven indic,ltc' 

a reduced risk of cancer in exposed persans. There is no 

reason to expect exposure to be protecti ve i1ga i ns t Ccl neC' t", cl nd 

these seven significant findings are interpretcd ilS the 

results of chance, urban risks of cancer (and relative 

protection of rural populations), and/or the effects of 

unidentified confounders. 

AlI DDT/site analyses, with the exception of si11iv~ty 

glands; nasal, middle ear, sinuses arld nilsopharynx; 11 vet"; il nI! 

eye, had at least 80% power to detect relativo risks 01 ~t 

least 2.5. AlI organophospha te/site anal ysc~~ had sim i 1 cl 1 

power wi th the following addi tional except ions: oC~ioph.j(Jw;, 

larynx, gall bladder, and enèJcrine organs. 

II. COMPARISONS WITH ESTlMATES IN THE LT'I'EHA'I'JI1U:; 

During the period 1952 -197 6, DDT and orrJi1nopho~".phd tr~ 

spray exposure scores ranged between 0 and :>, w i th eilch \lll i t 

of exposure eguivalent to a single year in which the 

population of a rnunicipality was within l kilometcr of nt 

least 1 spray block. The average DDT score per municip~IJtj 

for the 17 years 1952-1968 was 0.55 and the ~ver~~c 

organophosphate score for the 14 years 1963-1~76 was ] .~H. 



Risk ratios based on average formulation-specifie 

exposure scores will be used for cornparisons wi th the 

literature. These are calculated by using the risk ratio 

values for aIl cases (microscopically confirmed + ethers) 

raised ta the power of the average formulation-specifie 

135 

cxposure score. For example, a risk ratio of 1.5 per year of 

DDT exposure becomes 1.25 (1.5 ta the power of 0.55) or 1.82 

(1.5 to the power of 1.48) if the exposure was to 

organophosphates. 

Nine cancer sites (including 3 from the global 

clàssific3tion) were identified from the literature as being 

of particular interest regarding possible associations with 

pesticides. These were: 

a) braini 

b) mouth and pharynx; 

c) non-Hodgkin's lymphomai 

d) prostate; 

c) liver; 

f) gallbladder; 

g) soft-tissue sarcomas; 

hl myeloid leukemia and; 

il 18ukcmia. 

The largest risk ratio for brain cancer in this study is 

dcrived from a risk ratio of 1.2 (Table 4.26) per unit of 

or0~nophosphate exposure and, assuming average organophosphate 

pxposur8, is 1.31 for males, with 95% confidence limits of 
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0.96 - 1.82. A maximum exposure of 5 years would result in é1 

risk ratio of 2.49. 

Risk ratios in the li terature for brain cancer ranged 

from 0.72 ta 5.00 [Delzell et al. ,1985: Alavanj a et 

al.,1987;Thomas et al.,1986:Blair et al.,1983;Gold ct 

al. ,1979 ;Musicco et al., 1982] wi th the two studios having the 

largest estimates (4.0, 5.0) [Goldet al.,1979;Mussicoet 

al. ,1982] reaching statistical significance. 'l'he 2 lowcst 

estimates have 95% confidence limits that range between 0.26 

and 1. 8 [Alavanja et al., 1987 ;Thomas et al., 1986] . 'l'he 

studies with the 2 highest risk ratios were case-contre 1 

designs [Gold et al. , 1979 i Musicco et aL,] 982] . 

The largest risk ratio for cancer of the mouth and 

pharynx in this stL1dy is derived from a risk rat] a of 1. 10 

(Table 4.25) per unit of DDT exposure and, assumi ng average 

DDT expasure, is 1. 05 for males, with 95% confidence limi b; of 

0.94 - 1.18. A maximum exposure of 5 years would rcsul t j n il 

risk ratio of 1.61-

Risk ratios in the li terature for moutn and pharynx 

cancer ranged from 0.58 ta 1.77 [Gallagher et al., 1984: 

Williüms et al. ,1977 iDelzell et al.,1985;Blair et al., 

1983;01sen et al.,1987;Wong et al.,1984] with one 

statistically signif icant estimate of 1.47 havi1g a 95% 

confidence interval of 1.12 - 1.93 [Olsen et a1.,1987]. 
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The largest non-Hodgkin 1 s lymphoma risk ratio in this 

study 1..3 derived from a risk ratio of 1.23 (Table 4.36) and, 

assuming average organophosphate exposure, is 1. 36 for males, 

with 95% confidence limits of 0.93 - 2.00. A maximum exposure 

a t 5 years would resul t in a risk ratio of 2. 82. 

Risk ratios in the li terature for non-Hodgbn' s lymphoma 

range from 0.61 to 2.6 [Olsen et al.,1987iDelzell et al., 1985; 

Pr iester et al. ,1974 ; Burme ister et al. , 1983; Schumacher, 1985; 

Alavanja et al.,1987iMilham,1971; Cantor, 1982J. The largest 

upper confidence limit reported in the literature was 8.3 

[Cantor, 1982). 

AlI risk ratio estimates for prostate cancer for bath DDT 

and organophosphates were below 1.0 (Tables 4.34 and 4.36) . 

Risk ratios in the li terature for prostate cancer range 

from 0.53 ta 1. 70 (Gallagher et al. ,1984; \VilliùJTIS et al. 1 

1977iDo1ze11 et al.,1985;Blair et al.,1983;Olsen et al.,1987; 

l\lavilnjd et al. 11987;Burmeister,1983;Brownson et al. / 1988]. 

The lùrgest upper confidence limi t reported in the litera ture 

W:l.S 1.7 (Brownson et al./1988]. 

'l'he lilrgest liver cancer risk ratio in this study is 

det-l.vcd from il risk ratio of 1.26 (Table 4.26) and, assuming 

Lwe rage orgilnophosph2'te exposure, is 1.41 for females, wi th 

95"1, confidence limits of 0.63 - 3.19. A maximum exposure of 5 

yea rs wou 1 d resul t in a risk ratio of 3. 18. 

Risk reltios in the literature for l iver cancer range from 

0.77 ta 2.38 [Olsen et al.,1987;Blair et al.,1983;Stemhagen et 
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al. ,1983; Austin et al. ,1987 ; Alavanj a et al. 11987]. The 

larges~ upper confidence limi t reported in the l iterd tUl"l' \.,;,\~; 

6.9 [Austin et al. , 19B7]. 

The largest gallbladder risk ratio in this study i~~ 

derived from a risk ratio of 1.23 (Table 4.26) anù, i1~~!~1I111inq 

average organophosphate exposure, is 1.36 for fcm,11c~;, \';lt11 .1 

95% confidence Ijmit of 0.77 - 2.39. A mùximum CXPO!.3Urt> 01 '. 

years would have resul ted in a risk ratio of 2.87. 

Risk ratios in the literature for gallbl\lddcr C,ll1cer 

range from 0.6 ta 2.19 [Olsen et al. , 1987] excludilllj onc' ~~tlldy 

in which there was only 1 case (Williams et Lll.,1f)ï7]. 'l'IH' 

largest upper confidence limi t reported in the l itcril tUl'l' 'lrJ.1'; 

3.7 [Olsen et al. , 1987]. 

The largest soft-tissue risk ratio in thü; study i!. 

derived from a risk ratio of 1.07 (Table 4.37) Llnd, d~~'~lll1lll1(l 

average organophosphate exposure, i s 1. 11 (or t com,\l c' ~, w!t Il 

95% confidence limits of 0.64 - 1.89. A maximum CXPO:;llrt· ul " 

years would have resul ted in a risk ratio of ].40. 

Risk ratios in the li terature for soft-t l ~;suc [_~,J rr:OI'I.J: ~ 

range from 3.3 to 6.8 [Eriksson et al.,1981;I!<1rdcJl,l')ill). 

The l argest upper conf idence l imi t reportcJ in th(~ l J t ( l',tt III f' 

was 22.5 [Hardell,198I]. 

The largest myeloid leukemia risk ratio in thl~; ~l\jdï J', 

derived from a risk ratio of 1.27 (Table 4.1G) and, Ll~;~umi n'J 

average organophosphate exposure, is 1.42 for f effial es, vii th 
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95%" confidence limits of 0.80 - 2.53. A maximum exposure of 5 

yea rs ilould have resul ted in a risk ratio of 3.30. 

Risk ratios in the literature for myeloid leukemia range 

from 1.69 to 1.72 [Olsen et al.,1987] with the highest upper 

con f idence 1 imi t be ing 3.44. 

The largest leukemia (excluding myeloid) risk ratio in 

th is study is der ived from a risk ratio of 1. 05 (Table 4.35) 

and, assuming average DDT exposure, i5 1.03 for females, with 

9~% confidence limits of 0.86 - 1.22. A maximum exposure of 5 

years would have resul ted in a risk ratio of 1.28. 

Risk ratios in the literature for leukemia (no studies 

cxcludcd myeloid) range from 0.43 to 3.00 [pearce et a1.,1986; 

Williams et al.,1977:Alvanja et al.,1987;Delzell et a1.,1985; 

I3lair et al., 1979 ;Olsen et al. ,1987; Blair et al., 1983 ;Wong et 

<11.,1984] with the highest upper confidence limit being 7.32 

[Pc,lrce et al. ,1986] excluding certain results of studies in 

\vl1lch the number of cases were 2 or less [Wang et al., 1984; 

Pc'arec et al. ,1986] • 

The largest multiple myeloma risk ratio in t~is study is 

do r i vcd from a r isk rat io of 1.72 (Table 4.35) and, assurüng 

dVL'1 <lCJO DllT oxposure, is 1.35 for females, wi th 95% con f idence 

l imits ot 0.93-1.95. A maximum exposure of 5 years would 

rcsult in a risk ratio of 15.05. 

Risk rat ios in the li terature for multiple myeloma range 

from 0.9 ta 1.79 [Deizeli et al.,1985;Milharn,1971). The J 
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statistically significant risk ratios rangcù [rom 1.4 te") 1. i" 

[Mclau-;;hlin et al. ,1988: Burmiester et al., 198"3 ;H il h,lln, l') 11 l . 

AlI of the resul ts for those cancer sites sc 1 cl'tl'd t,) r 

study based on the review of the pesticidcjc,lnccr" liU'LltUll', 

wi th the exception of soft-tissue SarCOlnllS, f,111 w i th 1 n t 111' 

range of values reported else\.Jhere. 

Soft-tissue sarcorna relat ive r isks reportcù i n thl~ 

reviewed li terature range between 3.3 and 6.8 [Fr i k!~'~()11 (,t 

al. ,1981]. Rate ratios for soft-tissue Sl1 rcomi1~; from t IH.:> 

studies rev iewed invol ve hcrbi c ide exposurc cxc lll~; i VP 1 y . 

Herbicide exposure is not contained within ,lny ut llH' l!ldl('f"~ 

developed and used in thlS study. 

The results of this study are also ln clU!~l' dqrc'f'l1l1'llt 

with those of a similar but less detaileù stuùy at tül('~.tq 

spray exposure (1952-1968) and cancer mortlllity (l()()r)-l'lill) ln 

New Brunswick [Spitzer,1985]. 

III. RATIONALE FOR THE ECOLOGTCAL ANJ))~Y;,I~; 

The strength of prior evidence and cost V/pre' tiH' t'd', 11101 J Il 

factors that affected the choice of an ecu l Ofj iC.ll st\Jfly 

design. An initial subrnission of a Célsc-contrr;} ~;tl1(jy r) 1 

soft-tissue sarcomas and non-Hodg~:in' s lymphonJ,j v/d:, n' JI' l' 'j 

on the basis that Insuff icient evidence WiJ,S ,W,jl 1 ,d) 1 (! ;j t t Il' 

time ta determine whether these b/o cancer ~~it(·~;, of thr)',,' 

previously studied [Spitzer et al.,1984), vI0r(~ the rno·,t lirr'!/ 
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to have higher risks associated wi th the spray programme. An 

ccolog .... ...:al study design was considered to be the most cost­

effective strategy to address the criticisms directed at the 

prev ious proposa 1. 

Furthermore, ecological analyses have, under certain 

cond i tions, bcen shown to provide useful estimates 0 f 

associations operating at the individual level [Susser,1973, 

PC]. 51 :Hakama et al., 1982J. 

Numerous systems for the classification of bias have been 

proposed [Sacket t, 1979; Kleinbaum et al., 1982: Rothman, 1988] . 

'J'he pLinc ipal b iases in this study are considered under the 

lll'ad ings "Misclassification" and "Confounding". 

Although misclassification is associated with aIl data 

collectcd, it is likely to affect sorne variables more than 

othee:;, The measurement of exposure and cancer incidence will 

De consiùcred under misclassification while the study 

l'UV.lri,1tcs will be considered under confounding. 

A. M isclassification 

Misclassif ication occurs when errors are present in the 

d,1ta. If these errors are associated with both axes (exposure 

and outcome) they mùy bias risk estimates in either direction, 
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while misclassification on one axis only alwùys bL1SCS ri!~k 

estirr .. ':es in the direction of the null (Le., tow3rd tlw lh.~­

risk point) [Rothman, 1988, pg. 84]. 

1. Spray Exposure 

Several important errors are associated with tl1C 

calculation of exposure indices. 

The margin of each spray block used ml1y di ffCl- by .J!~ mu,·" 

as 1.6 kilarneters from the true spray rnargin cven W11c'l1 llll.' 

information recorded accura te ly describcs thp ~~pl',ly i n<J. 1 Il 

the early years of the spray programme, navirJatiol1 Wd!~ Indllll) 

by landmarks such as roads and ri vers ra ther thiln by 

sophisticated electronic equipment, so that rcportlll(J (,ITC)r!~ 

may also be present. Despite the likelihood of more llt"!,II'llt 

errors in rural areas where there are fewcr 1.:1ndm,ld::3 .Ind 

generally lower cancer rates, exposure i!::;. exp(.!ctC'd tn hl' 

underestimated as often as overest iml1tcd ln ru r,ll dP'.\', dIl,1 

therefore lead ta an attenuation of ris}: ratIo p!,tim.tt,,, .. 

Wind direction at the time of sprilyin r] v/d~~ not rf'f'ol'I- ,1 

and therefore not avallable for analysis. '1'h("~ (',!l("\Il.lI lf,l. 'Jj 

exposure scores based on distance alone will t'.!Ild t') (J'/pt­

estimate actua l exposure in settlements up',1i nd to ~'fJ rd ï IJ l 'J'_t 

and underestimate dO'.oJnvlind exposures. COffinun l t 1 (.!!, ',Il th 1I1 'Jll 

rates of cancer will be misc l assi f ied () sot t(.!n i1!~ thrj~J(' 'III t t 1 
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low rates, resulting in an attenuation of risk ratio 

estir: +:'es. 

The estimated geographical location of each settlernent 

centraid was used as a basis for calculating an average 

scttlement score and is subject to important imprecision with 

respect to the distribution of the settlement population. 

\vhile the population distribution within sorne settlements is 

nuclcil r in shape, others are spread along highways so that 

true exposures within the settlement rnay vary substantially, 

und any single summary estimate appl ied ta the whole 

scttlement mQy mise] assi fy a part of the population. 

Furthe rmorc, as nue lear settlements i ncrease in s ize they al so 

w i 11 be subJ ect ta similar exposure misclassi f.i.cation. This 

dSpcct of exposure calculation will also act to reduce risk 

rat io estima tes in this study. 

The attribution of exposure intensity is based cm 

as!;umpt ions regdrding the deposi tion of spray in the 

env i ronrnent f ollow i ng i ts appl ication and has important 

1 mpllL'cl t ions for the est irnation of r isk. A missp(,:cifica tion 

Cl r oxposurc m3gni tude wi Il lead to non-di f ferent ial mis­

L'LISSlficLltion and a biasing of risk estimates towards the 

nu) 1. 'l'wo di f ferent exposure models were used for each spray 

formulù t ion, and results were found ta be in close agreement. 



2. Cancer Incidence 

The estimation of disease rates is a[[cctcd by the' 

methods and intensity of case ascertainment, which mLly vLlry 

from place to place. The detect ion 0 f di [fcrcncc!:. lll'hJt 't'l1 

rates is also influenced by the interv.:ll llc't",'l'C't1 ~--;pr.\y 

exposure and cancer occurrence (incuba t ion pe r iodj 1,\ tl'nL'y) . 

a. Ascertainment 

1·1,1 

The New Brunswick Tumour Registry's m,lin ~;Ollrcp ot d-tL\ 

is pathology reports. New Brunswick patholo<]i"t[; <ln' !cw.\h·c! 

in urban centers wi thin the prov ince (Fredc rI cton, MOlll tml, 

Saint John, Woodstock, and the North Shore). ~;eventy-(' i (Jht 

percent 0 f the hospi taIs beds in New Brunsw i ck a rc ~; 1 tu.) t( '<1 in 

towns, villages, or cities with populations qro,\tcr th,)!1 ~,(JO!) 

persons (internaI NB. Gov. memorandum, March 1'1(30). Ill:; 

possible that tumours are less li kely to bc dotoctc·rj 111 1 III d] 

areas or that the y are less IH:ely ta be micro~;c;oplcdlly 

conf irrned. The latter case is one of the r";) '~On'; for 

exarüning all diagnoses of malignant tumaur~. with r(:~'I,1 '.\ t" 

the former it is unfortunate that cases idontitlcd by dr:dt Il 

certif ica te only were not unique 1 y identi t ied w i th in thr· 1 i ]1' 

used for analysis. HOViever, ln preliminary i)nllly~~r~r; thr: 

proportion of cases by reg ion of the pro'! i ncc: ',Icre eXdl:11 nI "j 

and were found to be similar ta expectecJ bd:~(:,j on thr) 
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population distribution. It is expected a priori that under­

ascertainment of cancer is greater in rural areas and is 

therefore differential in nature through the association of 

urban/rural location with spray exposure. The effect would be 

to decrease the magnitude of risk estimates, as higher 

exposure occurs in more rural areas. 

b. Latency 

'l'he interval between first expasure ta DDT and the 

beginning of the case ascertainment period is 8 (1969-76) to 

25 ycars (1953-76) and between first exposure to organo­

phosphates and the beginning of case ascertainment is 1 (1976) 

to 13 years (1964-76) with the majority of the exposure 

occurring during the period of shortest latency. 

The latent period between exposure ta chemical agents and 

the onset of cancer lS generally between 5 and 50 years 

[Schottenfeld,1984] and has not been found to vary with dose 

[Armcnian and Lillienfeld,1983]. 

Latency may, however, be shorter for chemicals that 

promote rather than initiate cancer. Because DDT has not beel' 

shown to rcact with DNA its effects are suspected to be 

promotional in nature [Klaassen et al.,1986]. No similar 

information could be found on the behavior of organophosphate 

pc~;ticides . 



l .\ l' 

It is possible that the latent per iod for anJ.:lnopho~;I'h,\t L' 

spray in this study was too short ta detcL:t \1n cf t t. ... l.'t on 

cancer. 

B. Confounding 

Confounding bias is likely to be irnpar-tCint in th i~~ ~~tudy 

because ecalog ical data are subj ect ta group i nt] b i ,1:; 

[Piantadosi et al.,1988]. 

Seven factors that rnight confound estim,J tc~ 01 he.\ l t Il 

effects of forestry spray exposures were cXc1mincù <Incl 

controlled for in the analysis: 

a) urban/rural res idence: 

b) education: 

c) incarne; 

d) ethnicity (language/culture) 

e) agricultural activity: 

f) migration; 

g) other forestry spray. 

Ali of these except agriculturùl activlty, ur-Ldll/nJ/.t! 

residence, and perhaps ethnicity operate ùt the l(~v('1 01 

individuals and are best controlled when mCïlsured at tlv_' 

individual level. Agricultural activity and urbùnjrurdl 

location are more l ikely to act 9 loba 11 y by affect i nrJ th" 

env ironment in which people l ive and él re probab l y bcst 

rneasured at the ecolog ica l lev'21 reqard l G~;'; 0 f the..! sturJl' 
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design, unless it is possible to measure directly the 

intervening variables through which the ecological variables 

operate. 

1. Urban/Rural, Education, Incorne, and Ethnicity 

Urban/rural residence, education, incorne, and ethnicity 

llrc important and correlated aspects of social structure and 

have becn shown to affect cancer mortality [Blot and Fraumeni, 

1982iMyers and Manton,1977). 

New Brunswick is a predominantly rural province wi th 

approximately 5]% of its population living in communities of 

less théln 2, 50r. Thirty one percent of the population lives 

in 6 citips ranging in size from 9,818 - 80,521. The data 

ùnalyzed in this study excluded cities. Rural residenee vias 

dcrined as habitat ion wi thin a comrnuni ty of less than 2,500. 

Definitions of urban/rural location vary internationally 

[Smith and Zopf,1976) and the definition used in this st.udy is 

more s imilar to tha t used by the US Census [spiegelman, 1968, 

pg. 295 ] rùther thùn to the Canadian Census, which defines 

urbc1n versus rural by populaUon density per square kilor.1eter 

[stats Can.Jda E-562 1 1982] . 

standardized incidence ratios for rural residence 

(excluding specifie consideration of pesticide exposure) 

r.:1ngcd betwE.'cn 1. 09 and 1.83 in 14 of the 25 sites studied in 

pIllees with popul.Jtions greater than 2,500. ~Jhil e the resul ts 
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from aIl sites combined are in agreement with results for 

cancer mortality reported elsewhere [Myers and Manton,lC)II], 

differences exist between si te speci f ic SIR 1 S obscrvcd in th l~; 

study and relationships observed in an ecologicaJ mort,11 ity 

study by Blot and Fraurneni [1982]. Allowing for diffC't"L"'IH"I':; 

in site def initions, resul ts are simi lùr fa r the fo 1 Lm ... 1 n" 

sites: 

a) larynx; 

b) na sopha rynx ; 

c) endocrine organs i 

d) intestine i 

e) lymphoma and; 

f) leukemia; 

with rates for each of these being higher in urb.1n <ln'a!;, 

Notable differences exist for brain, pancreL1~), Llfld ~~dJ 1 vdry 

glands, for which the ratios are above 1.0 in the lltcrdtllrr~ 

and below 1.0 in this study. The risk ratio c~~tim,ltn for 

cancer of the nasal cavity in this study was 2.t15 WIlC'r,'d!: il 

was approximately 1.1 in the li terature. Blot and Fr.lI.ltnr'l) i 

[1982] found a risk ratio estimate for skin Cllncer of 

approximately 1.0 whereas in this study the cé,tirn.ü(; vld'; 1.i' /. 

Education and incorne are widely r"'coqn lI:crJ il!'> llnportdnt 

and related aspects of socioeconomic sti1tus (Sr';r;). A nurnb(;r 

of ecological studies have indicatcd thélt ~~E;'; ha~; i1n cf [coct Î.;n 

cancer mortal i ty that is independent of the ci [cet ai 

urban/rural residence [Manton and Myèrs, 1977 i Blot <1nd 

Fraurnen i, 1982]. Education, incarne, and urban/ru ra Ires l <Jonce 

ûre positively associated in this study. 
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In this study gallbladder, intestine, and skin cancer 

dcrnonstrate clear risk gr~dients in which risk increases with 

both educaticn and incorne. 

elevated in urban areas. 

The risks for these sites are also 

Resul ts frorn this study are not consistent with those of 

d study conductcd at the individual level in which low SES, 

dcfincd solely in terms of income, was found ta be a risk 

factor for lung, bladder, and stornach cancer [Siemiatycki et 

al. ,1988]. They are in the opposite direction to those of 

Sicmiatycki. 

An ecological study of cancer rnortality found a positive 

d~-;~-;OC lat lon between SES and colon cancer f. Blot and Fraumeni, 

19R2]. Slmllar results were obtained in this study in which 

jntestin~l cancer (small and large combined) was found to be 

po~~itivoly .:1r;sociated with education, incarne, and urban/rural 

rt.'!; i dcncc. 

Ethnicity, defined in terms of the majority molher tangue 

01 a muniClpality, opera tes at an ecological as weIl as an 

individuell level. Individual habits as vlell as the social, 

drill of ton the physical conditions under which peopl\<; Ilve 

01 tL'n n~110ct importzll1t aspects of cultural identity. 

'l'he concentration of French persans within specif ic areas 

within the province will inevitably result in the expression 

aL certain cultural traits at the community level. The 

resulting environment will tend to support and foster those 

personal characteristics and behaviors that are particular to 
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the French culture. The indirect measurement of thcsc 

culturally determined and potentially hcal th rclated t Ll i t:; 

through an ecological variable is therefore h Lgh l Y dL'~~ 1 r.ll' I~'. 

Twenty-eight percent of the New Brunsw ick popu 1.ü i L'1Il .l!'~' 

French. They are concentrated a10ng the e.lst CO.l~;t d!HI IlIl! t Il 

shore of the province. In general the French pOpl1t.ltl~)1l l', ,,( 

a lower SES than the English population, ùnd though the}' ll'lld 

to be more rural, their communities are L1rgcly sitU.ll'.·d ,!ll)!lq 

the coastline, more distant from the forest, and tlwl'l' ft) n' 

less likely to be sprayed thëH) English communltic~;. TWI'll\'y 

out of the 25 sites examined indicate an InCT(',l'~od L'dlll'I'!' Il',k 

for the English, relative to the French. 

2. Agricultural Activity 

Agr icul tural acti vi ty wi th in New Brun~~'.oJ l d: 1:; 

concentrated along the cleared areas throurJhout the! ~;.t Jllt .JI)llll 

river valley. Given that similar pesticiùc's .1re l1~~ed in 

forestr,i dnd agriculture, attempts were made to control thl', 

potential negative confounder. rIo consiste'nt Cdncpr t r'·!l,j'. 

were observed to covary consistently wlth .tcJr iCIJ! tIn' 11 

activity. It is possible that municip()ljtif~:; v/I,'re nI,\' 

sUfficient1y homogeneous with respect to aqrj(.:ult\1n:~ or :'I;rol,/ 

exposure to permit its adequate control. 
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3. Migration 

Over time, individuals move from one municipality to 

another. Municipal out-migration rates have been demonstrated 

to vary across time period, urban/rural residence, age, 

cduc~tion, mnrital status and sex; with age less th an 30, a 

universlty educatlon, and rural areas having the highest rates 

[\v il son, 1 933 ] . 

In the United states during the period 1955 to 1980, age 

nnd cduc~ticn specifie out-migration from rural areas have 

dccrC,lscd draPlatically relative to urban areas [Wilson, 1988]. 

The impact of migration on the estimation of cancer rlsks 

hns bccn shown ta systematically bias the site specifie cancer 

risks towards the null [Polissar,1980J. The degree of bias 

vdrics by the length of the latent period, cancer site and 

t ypc of geograph ie unit. Based on ta} '2S prov ided by Pol issar 

It is pOSSIble that this study may under-estlmate risk ratios 

by réloout 30-40'70 • 

out-migratlon from New Brunswick ta elsewhere in Canada 

het\vccn 1976 and 1981 was 7.2% [stats Canada E-574,1983). The 

th".'" l\runswiek Tumour Registry does not have data on former Ne" .... 

Ilruns\vick rcsidents that develop cancer after their departure 

tram the province. This will bias results in this study as 

proportionately more persans leave the province from rural 

nreas whcrc cancer risks are lower and spray exposure is 
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higher than urban areas where cancer r isks ,1 rc Il lt]hc l' "nd 

exposure lower. This will reduce risk riltio C'~ ... til1lcltC'!;. 

V. SAMPLE SIZE 

Random errors associated with sampllnlJ Vdt'jdtlUI1 dl,· t.11 

less important within the context of thls study th.\n ,11"1' t ht· 

potential systematic errors d iscussed prcv ious] y. \-J 1 tilt Ilt' 

exception of saI i vary glands; nasal ( m iddl (> c;) r, ~~ i 1111:;(". 1 

nasopharynx; liver, and eye, all analyses for [)I)'!' holv.· 01 })(":"I 

of 80% or more to detect rate ratios that arc :'.'J 01 qll·.tt,,) 

Similar statistical po'.tJer is achieved for onpI)op\){)'.pll,tt 1", 

only for rate ratios of 5 or greater. 

VI. GENERAL lZABILITY OF RESULTS 

The results of this study are gcnerùllzdtJlc. to tilt· (' .. t, lit 

that the results are free of bias and arc rt'lr''Jdnt to ("0111"( ) 

risk at the level of individuals in other Jun~~lllctj()n' .. 

Several important variables in this :;tu'JI h,I'I(.· L''''ll 

measured at the ecological level (spray c/.po:,ur r.', tlt"L'IlI/t l ll 'Il, 

and ethnicity) and their effects controllr.:,j for ln Ut r, 

analysis. 

The aggrega tion 0 f the tlew Brunsw icy. popu Id t l un ln t () 

municipalities may have resul ted in the confounrJinq of thr, 

exposurejcancer associations studied. Ta thr.: .:xtcnt thdt th j" 
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grouping bias is associated with spray covariates measured at 

the ecological level, it i5 controlled for in the analY5is. 

While it is not possible to address this possibility in the 

absence of individual level data, the fact that the estimated 

cffect of the strongest spray covariate in the analysis, 

urbanjrurdl resldence, was found to be in general agreement 

WIth estirnQtes ln the literature, it is interpreted as 

indic~tinq th~t the uncontrolled grouping effect i5 probably 

srn,1l1 . 

The types of substances used in the spray programme are 

~lmll~r to m~ny pesticides used outside of forestry. 

The results ot this study do not provide a basis for 

t"C'('ommcnù ine; the implementation of case-control studies of 

~_,peCl t Je c.-mccr sites. Insofar as the conditions of exposure 

wlth respect to the substances and quantities used are 

,1pplIC,lOlc, the results of this study do not provide evidence 

1/1 :;upport of the hypothesis that forestry spraying of 

UL"q,lnol'h lorLne or organophosphate pesticide formulations 

Cl tt1l'r ci 1 [cctl y or indirectly causes cancer. In the case of 

onldnophosphdte pesticides, however, this must be qualified by 

1101ntinq out that the biases potentially present in this study 

o~cr~tc in the direction of reducing the magnitude of 

LÎL'tf'ct,Ü.11c exposure effects. 
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Due to the relatively short interv.:ll of t imc .:lV,lt Ll1 1 1 t' 

between exposure to organop}_osphate formuL1tions and L·,\~.l' 

ascertainrnent cornbined with the relatively 10\" power l,t 

certain organophosphatejsite analyses. the n'!:~111 ts ~;1J1l1l1 d l't' 

interpreted with particular caution as it m,IY bc too ~;()(Jn t\) 

detect organophosph3tc specifie e[[ects. 

Despite the exclusion of cities and ~;uL-,)n,\ly!;t'" III h'\II\ Il 

uni ts analyzed were restr icted to those w i th POfll! 1.\ t Illll'; l," , 

than 2500 persons, it remains po,::;sible th.\t r;ltl"~ III '.(>t-,I)'/',!, 

1 argely rura l areas, would be even lowc r 1 n t lw ,1!J!;/'I1'-" () 1 

spraying; that is, that pesticide expo:;urC' Ild'. L'dll';/"! ',(J," 

cancers and have reduced the natllro.l ëHlv,lllt'\'J" nt 1 UI.\ 1 (l'J' 1 

urban areas in cancer incidence r.:ltes. 'l'hl" llyputh" ',I', , 11111,l! 

be refuted by the data here due to the ill)~,c'n( ',_' (1 t ,1 Il 1 !JIll '/ 

rural segment 0 f the New Brunsw) ck popu Id t 1 on lor wh wh 

exposure est imat.es could not be ci.11 cu l a ted. lJ ndr'r Ull" ,f 

circumstances it appears prudent ta: 

i) maintain exposure survc il ],Inu~ dtl'] 

irnprove i ts qual i t.y th rOllqh t llf 

recording of wind directlon (J,lln ,:1.:. 

the time of sprayinq. 

ii) situate geographically the IJn",{'ntly 

missing 12% rural segment 01 tlw 

i ii) 

New Brunswick population. 

encourage the deve lopment 01 j,U-.J rr, 

precise geographlcal coordlndtl-'; Lor 

places within lIe'N Bruns'die!' .. 



iv) encourage the New Brunswick Turnour 

Registry to remain abreast of and 

implement developments in the area of 

geographic~l coordinates of 

places within its ]urisdiction. 

v) encoulaye the New Brunswick Turnour 

Rcgistry ta consider extending the 

cdte~orlCs oE data collected to include 

rcsidcntlal and occupatlonal histories 

as an aid to health surveIllance. 

vi) cxtcnd the ascertainment period ta 

provide the largest number of cases for 

study, thereby increaslng the statistlcal 

power of the analyses and increasing the 

latent period for organophosphate spray. 

vli) ldentlfy populatlon sub-groups such as 

spray applicators and fishjshellfish 

caters that are at particularl~ high risk 

of exposure. 
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STATEMENT OF ORIGINALI'l'Y 

This thes is exarnined the hurnan cance t" r l ~~k. "~;~~Ol' 1.\ t t'J 

wi th exposure to pesticidal substances appll cd to Nt'\' 

Brunswick forests. This is the first timc th.1t tlw 

geographical distribution of incident C,I~;C'!.> () 1 l'.\IWl'! ! Il r:, ''.,' 

Brunswick has been studied in relation to IJOpll Ld t Ion h, 1·.",1 

forestry spray exposure. Previous stud ios h,1VC L""/1 

handicapped by the absence of deta i led t imc, pl .1('(\ <ln,l 

formulation specifie measures of exposure. 

The analysls of the data in this study, unld.I· 11I"JI\I\l" 

studies, included other filctors that h,1VO U1l' pot"nt 1.\1 t 1) 

confound the spray/cancer assoclation~ \lndt'r l ()Il~,lt\"l.tt l'l/I, 

This study contributes more broùdly tu L/l/J'dl/·d,!/· 1/1 tll" 

field of environrnental epldemiology and ~~Lll"Jf'l 1 1 .llll è iJr' 

dernonstrating the feasibility and uscfuln(':;', ul ri, ,/,'1(1]1III'l 

computerized data bases as a meùns of mon 1 t()r IIl'J ri' ,1 

associated wi th large-scelle environmcntd 1 ('~'rJ(" .'ll '''., 
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1. r N'l'HODUCTION 

This Appendix surveys 3 broad substantive areas that 

ùre importùnt in attempts to evaluate the impact of the 

Jcrinl spruce budworm spray programme on the health of New 

Bruns',; icke rs. 
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Hhile the spray programme is commonly referred to in 

the ~; i ngu id r, i t is a hnphazard array of dl tferent e>:posuces 

thdt hd'le occurrocl over many years. Assessing i ts ir:1pùct 

\1l11 present sorne difflcult organizatlonal chùllenges. 

l3ecdusc ot the extent of the materlal covered, even 

~~llpc>rt lClal coverùge of eùch area inevitably requlres a 

largo volume of tactual mater ial. The format and content of 

th is Appc'nd 1. x wi 11 prov ide an overv i e\v' of the issues 

1l1volvcd ln studylng thlS type of progré1r.me. 

'l'hu fi rs t Llrea, Env l ronmental Cons Ide ra tlons, opens 

w 1 tt1 d br i 0 r rev lew of the history 0 f the spray programr:1e / 

d ~~ i t i5 potent llî Il Y re levant to exposure ta budworrn spray 

1 n CJ(~l1e rCll . This lncludes sorne technicQl Informatlon 

rcg~rding the evolutlon of aerlal spray applicatlon methods. 

Ncxt i5 ù dlscusslon of issues pertalning to the detection 

01 sprCly rO~lJues ln the environment, in order ta establish 

d l:ontC}:t Itlithin wInch ta evaluate the irnpJct of spray 

d1l'!111ccll!, on dqudtic, aoriéll, and terrestr131 fauna. This 

:;l'ct i on l'one 1 uclc:-; w i th a d ':'SCUSSlon 0 f the ùcutc toxie 

c' t 1 l"cts ot spcclf lC Sprély tormulatlons and their components 

(,11 (JnJ,1nl~-;C,1:~ in the enVlronment. \~hile the ultl:-nate focus 

l11 tlds stlll!y l~-; on long-term (chroLle) effects or. hunans of 

d"l'ldlly dppllCd pesticides, acute effects ln animélls other 

t \1,111 111.1l11nl.îls .:1rc lncludeJ both as an Import.:1nt enVlronr.1ent~l 

,-'~)n~;ldeL1t ion ln thE.r.lsclves and to provldc ù context for 

Li i:~L'ussion of spr.:ly dlstrlbutlon, spray residues, and 

1'0::; 1 duC' pc' r~; l s tence v,' i th l n the env ironment ln general. 

Ch l'on i C 0 t t cets in mamm.:ll sare reserved unt i l the section of 

t Il i~ ... I\ppond IX on tox icolog ical considerations . 



The second area, toxicological cons ide ri1 tians, pn'~-;('lll'; 

information about the d ifferent subst:ances used in thQ SPI,iY 

programme. The physical characteristics of the spr~y 

compenents are examined, individually and whorc possiblv 

jointly, along with the llkely conditions of expo~;un" thcit 

are relevant to each chemical' s possible route of L'nt l-Y .\lHI 

potential dose. The known aspects of ~ mi1teriill 1 s 

carcinogenic i ty and mutagenici ty wi th in on im,!l ~;YC; t ('m~; ,11'(' 

aIse explored. 

II. ENVIRONMENTAL CONSIDERATIONS 

A. The New Brunswick Spruce Budworm Spray Programme: 

A Survey of Important Events 

Over the period of more than 3 decc1cles thC'LC' h,\Vc' 1)('('11 

many changes in the spray programme. Somc' 0 [ tlw~~(' cl),) nql"', 

have increased the effects of the sprcly on the env j ronnll'nl 

and sorne have decreased them. Table ALI P rov idp~; il SUIl1Jl1d t'Y 

of the most important events. 

During the f irst 5 years of the proC] rZlmme, sm,) 11, ~-; 1 0'11-

fI Y ing a ircra ft were used for the ae r ia 1 LipP 1 iC;l t ion o! 

pesticides on bath agricultural crops and torC'~ .. t~; ln III"" 

Brunsw ie}:. These planes uscd boom and nOLzlc Lpri1Y 

equipment And fL:!'..., close to the trec top~. d t ~;pC'r:d~; 0 l ,1 LUll t 

150 }:iIol7leters per hour. Unfortundtcdy. no inturmdtlon l', 

available on: a) the droplet spcctrum withln the ~~r)r.\'1 

aerosol generated by thesc aircrélit, b) th.:- dmollnt 01 !.fJI <l'j 

intercepted by the forest canopy, c) the amount of ~~prd'l 

reaching the ground beneath the torest colnoPï, or d) thr' 

amount of sprély àrifbng off targct. [)(:~rJite thl", it 1:, 

probably sate ta assume that the droplr't ~[Jr:·ctrur.l Viol'; (_'j,If :,r· 

by current standards. As a rcsult of thls CUdr~;(:nr.':.'J th,"" 

off-target drift was pr'obably small. I<w.:r:nt, lnten:;j'/(· 

research into off-target spray drlft h<1'J dr""fn'Jw;traU!,j thrlt 

a ircra ft height above the canopy, spc::cd, iln,j drop 1 (·t ffi(:rl i 'In 



Table A1.I Important Historical Milestones of '!he New Brunswick 
Spruce Budwonn Aerial Spray Prcgramme: 1952 - 1983 

tC:<-lr 

1')':,2 

1 ')(,) 

l'Il ·1 

1q 7h 

1 <1 ,':\ 

Event 

First year that Ner.v Brunswick foreste,; were sprayed 
on a large scale for budwonn control 

Agricultural aircra[t (S~-m) 
were uscd tor SptLlyHlg 

Uso of boom arr3 n0221e spray equipment, 
which gcner<3.ted a CC3r-~ droplet distribution 

'1110 fast Gru::l<-:ln Avenger World \'Jar II torpedo 
bomber alrcr.::l.ft (1T1'1) was intrcduced. 

Only yeur slnce tJ1C' lnceptlon of the 
prcgrLl:rr:mc tJ1.J.t SPrclYHlCJ did not taJ.:e place 

Establlshrncnt of a no-OlJr-spr.::1Y (buffer) area of 
.5 kilomcters around s.-:llmon strcaJTlS and rivers 

Introouction of ultrJ-lo,,/-vclu~,e (UDJ) TeeJet nozzlos, 
whlch pro:luce a finer spr;).y droplct d lstnbutlOn 

A 3.5 :k:!n. no-fenitrotJüon-spny buffer area 
WLlS imposcd arouryJ corrJ:)(?!Tial blucberry fields 

A fot11D.l mcchill1isrn was e.st:lblishci:1 for me 
authorizabon of lJlSeCtlcide use in forest 
illSL"Ct control Wl<..lCr the provisions of me 
CanadiLln Fest Control Products Act 

The use of phospn,ll,d don, an orgal1cphcsphate 
pesticide, was dlscontinued }::x:cause of its taxie 
effect.s on birds 

Buffer ~~ün('~~ of 1. () Lllometors \oJere 
cst:1bllshocl dlOlmd arc..3.S of pennanent hwnan 
hl1bit;-ttion, c1Jld zones of 400 meters aroW1d bcx:lies of 
water gre.l.ter thùn 40 hectares and aIl J11ajor 
rivers in thE.? province 

585 oil roplaced dlesel and #2 fuel oil as 
diluents in the spray prcgramme 

Snull prwate 1,\'cxx11ots were included in 
the spray pnxJrëill1l11e 
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, 
l 

diameters at point of release are importcmt factors 

associated wi th off-ta rget drift. 

Early aireraft also operated slngly and Ilc1Viq:ltL~d ll~; l nI) 

ri vers 1 railway tracks, and other geographie,ll m,\! kL' r~; ,l~. cl 

basis for locating designated spray arcas. L1ndl'l lhC'~;l' 

conditions the patent lal for unintentional con tùm i ncl t lon \-J.l~; 

high. 

In 1958 the GrumCl.n Avcnger alrcrilft ('l'HM) \v,'~~ 

introduced into the sprJy p rogr~r.1mc. f3('\_',11l~;(' cll i t , .. ; 1,'. 

and design, it cOllld eQrry larger qULll1tltIC"~ ot ~.pt.\y 

material enabling the spraylng of largcr iHC'cl~~ al t Lln~,;t 11\'1 

flight. In adl-:ition, its hlgher spccù ('2/1 km.jhr) CdU· .. ·t! 

greater wind shear at the noz21e tlpS and il much t 111('r 

droplet spectrum than thùt of slower i:ll rcr,lft. 'l'he:;p 

aireraft also flew at highcr altitudc!; (Zlppro:':llIltltc'ly I()() 

feet above the treetops), whlch contnbut('d to qn'.1t ('r 

off-target drlft. Saon after the introductlun 01 th" (;tll:'1.111 

aireraft, more sOphlstic::ltcù i1nd prccl~,(' IldVlf}dtlOTldl 

methods were developed for sprJy app11cdtlon. '1'h(':~(' dlll)·.}1 d 

three TBH aireraft ta fly ln iormation and Lly out LI j()lnt 

""wa+:.h of 610 meters undcr the directJon ol ,1 C(";é;na ~;fJ()t t,.r 

plane WhlCh gl'JeS instructions on whon to tllI-n lhr! n().~.~l{"; 

on and off. 

Overswathing, in whieh two or more 01 UH' 1 ilÙ JfJinil1'l 

spray pli:lne swaths overlap during spray Inrj, hù.:, hl~"n hl"r:lf ,1 

for sparadlc blrd klIls by organaphosphatc pC':;tlCld f .... ()tIf' 

stur"ly found high mortality and severcLy reduc~··j rt!pt f),jlJf't- j ')1' 

suceess amonq birds subjec'::.ed to overs"/;lth 1 nr] 

( Va rt y, 1 9 8 0 , pg . 27 ] . 

In 1963 a .5 kilometer zone WdS esti1bl ishr:ù aroutlrj 

sa Iman streams and ri vers because of the i1d'lc r:::;c e f f ( • 'f ("' f 

DDT on this speci~s. 'rhis area was sprdyC!d w i th 

ph 0 s ph a m l don él t a rat e 0 f . ') lbs p e r il r-= r e [Y (-' t t f..! 1 d , ] () /', j • 

Ultra-lo·tJ-volume (UL'I) spray nuzz 1 es v/r~r(' lI'~c:d on " 

l imi ted bas is before 1968, v/hen they 'de re adopteù fur 1 ri r 'F: 

seale use within the spray programme. This dccreased, by d 



fdctor of more than 3 the total volume of formulation 

iJppl ied pcr hectare. 

inCrf'ilSe ln both the 

Also in 1968 there was a dramatic 

areas sprayed per year and the 

pro::.: i Inl ty of spray ing to po ints 0 f human settl ement. 

ln 1974 a formai mechanlsm was established for the 

duthoriw.tion of pestlcide use jn forest insect control 

uncJor the provIsions of the Pest Control Products Act. 

~;pray progriJmme org;mi zers were rcquired to have the 

clpprov,ll of the Dcpartr.lcnt of AgrIculture for ne',,,, 

furmul<1tion:~, 

In 1 ~.n5 tlew Brunswick began to spray with aminocarb, a 

Cd rbùIndt0 i nscct iCIde, as an al ternati ve to fen1 troth Ion. 
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I\mi nocdrb has bccome oarticularly popular for several 

rCdsons. Orgùnophospr ates in general and fen1 trothlon in 

p,lr"ticuldr dre rE:"latlveli' toxic ta birds. At an applicùticn 

rdtc of 210 gri1r.1s T'c'r hectare, flé-!nltroth1on CO:îes very close 

to the lcthùl ùose for many species of bIrds. It has been 

~;U~; pcct0d for mùny yea rs tha t ace Identa l overl apping 0 f 

f l'Ill t roth lon sprùy swa ths dur ing aeria l spray ing is 

r('~;ponslble for aviùn toxlcicy. 

AnllnaC<lrb, wlth an opcrational applic<ltlon rate of 70 

qr,l!n:-, per hect<lre, does not have the sar.1e degree of toxici ty 

ta blrùs. Spr<ly1ng wlth.i.n 400 meters of a11 bodies of water 

gre:1ter thi1n 40 hectares and a11 major rlvers wlthin the 

plovInce Wil:3 <11so banncu in 1978. \-Jhile this action 

i ne rcascd the perCf?'ltilge of unprotected forest, i t decreJsed 

tll~ llkellhoocl of signjflcant non-target exposure to spray. 

1 nI') i~ 0, mon l tor i nC] bl' the Env lronmentù l Protection Agency 

ot l'nv 1 ronmcnt C,lnaJ" sho',.,red that the but ter zone resulted 

in <1n RO(~ to C)~% reduction in total spray dcposits on 

protcctod ]"kos [Ernst et al. EPS-5-AR-81-3,1981,pg.15]. It 

VJ.JS llL,o ln 1978 that 585 0] l was introduced as a 

rl'p l .1l'('I1lL'nt for di ese land other fuel 0 ils, wh lch had been 

ll~;l_'d ù!j Li lluents in oi l spray formulations since the 

b('lj l nn in() of tlle progr':::l.lnme. Becûuse 585 oil was produced ùt 

tl'l11PC' r,1turcs be l 0\'-/ those at which polycycl ic aromatic 



hydrocarbons (PAH) are produced 1 this ch.:mgc W\1::, wc kOI:ll '-1 l,y 

many concerned persons. PAHs have been shawn tu bc 

carcinogens in several an imal systems and .:1 rc SllSpcctl'd III 

the etiology of sorne human cancers such as C.1ncer 01 tilt, 

scrotum in chimney sweeps. 

In 1980, small priva te woodlots were included ln th.' 

spray progr,::::unme for the f irst time. An llnpOl"t.ll1t Plt'l" 11 \ 1 l'Il 

of the productive softwood forest is loc.! t ('d \~. tt h 111 th.""" 

privately o'.·:ned arcas. 

B. Contamination of Air, Soil, and W,ltcr by 

the Spruce Budworm Spray Proqrilmmc 

Evaluating the potential impact of LI l.ltlJf' ,1fld ('('1',1,1,,:, 

activity such as the annual New Bruns'wick :...~prdy pr"ll'll 1",'" l' 

âifficult because of the chemlcùl, tC'mpor,d, dntl <J1'rlIJl qdll' 

diversi ty of spray lng ovor the yO:ln:;. '1\ 1 b l f' !\ 1 . :) 1 l ' , t ' " , 1 1 1 

of the substances that ha'/c bcen documc'nte,j d'; hd'.) IllrJ 1 ... Il 

used withln the progrlîmme, cl descdptlOt1 of tl1l'1r qr'IlI'I,11 

nature, and specific information conCCrllllllj Cf'lt.\lll 

important physical charactcrlstlcs. In sub~,0qllr'nt ',{O('\ l'lIl'; 

these will be ccnsiderod within certdln brn,\(! (·.1tl'fJOI If 

pesticides, formulation solvents, co-sol'/(:nt'" dlIUl'n\ " 

emulsifiers, and surfactLlnts. Wlthln tllc~ Cdt'-'J't!"j (Jj 

pesticides, organochlorine pestlclde~, (OIJ. DDT), 

organophosphate pesticides (eg. fenltrothlon) 1 élnrJ (',Il L,l': il f' 

pesticldes (eg. aminocélrb) wIll (.!nncréllly [.l(> c()n:~ld(,tr,'l 

sepùra tel y . Hydrocùrbon sol vents 1 co-so l vcnt';, d nr! ri J 1 1 J 1 lit', 

will be considered separLltcly from functIon,llly ~~lnild) 

substances such as Dowi'lnol that mély CaUse cl 1 f fr'rr'nl 

toxicological responscs. 

environmcntal effects of 

The assessmcnt 0 t l onr] - tr'rt'I 

indl v idual or comb 1 w~,j ~prdJ 

components lS often difflcult bcc;:!Use i1rCd~ arc ~prdJr 'j 

repea tedly year a fter year and d lt [0 ront sub'Jt,mcc~~ il r" 

sometimes sprayed from one period ta the nr.:'xt, or e'/c~n J II 

the same yea r. Consequently, i t is a f ton ncce'~S<1 ry to rr, 1 y 
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U'.ed ln the tjew Brunswick Spruce Budl/orm Spray PrograJTT1le 

Nilture ard Usp 

olganochlonne ln~ectlclde 

r,l g."H'i~"'r:hiJte In~ect IClde 

('lIhi<11dte lri"Pctlclde 

f"mAl ',\ t 1 cr 

('HllJt·) 1 t 1e r 

'.01 vent 

glycul lTIethyl ether co-,olvent 

(11111\1 c .11 ~ol ... t'nt 

hyclI1'1.1( l'Hl dllU1'nt 

hydl oc,lrbun d' luent 

DcnSI ty 

(gm./ml . ) 

1.54 

1 21 

1. 73 

NA 

1.23 

1 32 

1 10 

1 03 

NA 

o 95 

o 93 

o 89 

0.96 

o 86 

o 87 

1 05 

o 92 

a 81 

0.83 

Molecul ar 

\/elght 

354.51 

299 69 

257.44 

229 25 

330 36 

277 2 .. 

208.30 

NA 

NA 

215 00 

NA 

NA 

206 30 

NA 

NA 

NA 

NA 

NA 

NA 

BOlllng 

POint (deg Cl 

185- 187 

162 

laD 

NA 

156-157 

109 

NA 

NA 

NA 

NA 

179- 207 

NA 

109-110 

137·139 

23:)- 260 

NA 

177- 343 

176-307 

163 

Vilpour Fre::;~ure 

(20 deg.Cl ilt;nG3pher0s 

(X lI1CO, -:::: ,':00) 

o 0163 

3 3 

1 0 

1 0 

16 0 

b , 

2 2 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA (hlt ,lV.1II.Jble 01 ilppllC-lblc, bec~u'e ln sane ca~ps they are not Ju~t one chcmlcal cornpoLnd 



on 1 abora tory da ta. The difficulties of cxtr,lpol,ltlnq 

laboratory results to the environment, inL'ludinc] po~-;~-;il'l,' 

differences in actual exposure or susccpt lb i 1 i ty, t\ l"l .... Ill'( ",j 

but will not be elaborated on .:J.ny furthc r. 

1. Drift, Detection, and Persistence of I~('~~idllt\!; 

a. Drift of Residues 

Two sepa ra te spray t ime per lods C,} n hl' U:;(' t III l '} 

differentiated. The onT period extendeù tt-um tlll' It}('('ld I()!) 

of the spray programme in 1952 until DDT ioJ.I!~ 1),1111\(-<1 III l"~"~ , 

The organophosphate periocl technlcillly o("Pt1 III 1')11 \, dl\,j 

\va sin use 0 n a l (l r g e sc c11 e b y 1 ') h ') • The 1"1 • d n' ! ,1' \" • 1 .\ ] 

inportant dlffcrcnces cot',veen thoso ti-JO PI!1 1(11-,. ~: l ,t 

important, DDT \j;:1S ùpplLcd at rcLltlYely hlqll -lcl!llll", III 

011 solutlon \-.11110 fenitrothion anù otill'i Ot 'l,lll('fillc)!,!dl'\\' 

pesticides were applied at ]0'.'/ volumes ln "(jlll·(lll·. :.r>!II\ 1<'[1 

There[ore , as can be seen ln Table A1."3 ,lI1d 'J',ddl' Al _,l, tll" 

quantities of both pcsticuJe élfld orglll1lC dlllll'nt d'I-I'·I'.",j 

1 (. : 

dramatically. The decreaso in appliL,ltlon rdtl'" [ll'I II" t Il' 

'Ilas primar1ly duc to tho ùùoptlcn of ultl-,}-1')',:-'Jflllll'1" (l'l,") 

spray technology. 

ULV concentL1te spray gcnGrateci L'/ tlll' LI'I ]' t n()/.'I" 

used durlng the fen1trothlon perlod <ln' cdllbr.}t,,,j t(J 

generate droplet medicll1 diamcters 01 0e t'dl'f Il If) dlle! 1 f)f) 

r:1 i c r 0 n s COIn P Ll r e rJ t 0 Ù r 0 pIe t me ct l d n d l d f1î ct, ~ 1-: • () t ;; , • 1) - ; ( ) 1 ) 

microns dur1nq the DDT perloù [IlPCC }(,f)r!,l')II,f)'j,l/ . ' 
These have beon found to be slmilar fot- LfJth 'IId"I- dll'jr,1 

based formulations [Crabbe et ;)l. LTjI-L,'/\-(,I, ]')r;/,ri'J. l/J' 

Extensive re.:;ei1rch into the bt.;hi1'J l or 01 :.l,r,j / .!l'r')·,', l', I,I 

also indlcated thLlt \-/h11e ùlffen.:nc(,,~~ ln dropl,·t m(,dJoIll 

diameters exist bet'Neon appl iC<..ltl ons b:J ~;r:ld] 1 dl rcrd t l ',11' l, 

as the Cesna C-188 and large aircri1ft ,~u(;h il'~ triP r;r lH:lolII 

rBl1' s, about the same percent of spray mol:,'; l'; contd J nr~,j 
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l"f,l. A1.3 Cludntltl of Pe~tlcldc Appllr.d (1) (gr./ha ) by 4 Year Spray Perlod 

Organochlorlne Organophosphùte 

DDT Ph 05 pM atm don Trlchlorfon Fenl trothlon Amlnocùrb 

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

G 0 o G o C' c 

584 :. 292.2 0.0 0.0 0.0 0.0 

')'l4 4 (7) o 0 0.0 0.0 o 0 

5·;4 :. (2) 35.0 (2),140.0 o 0 140.2 (2) 2BO 1 o 0 

1 ',f f 1" 1 ~ ) n 0 35 0 (2) 140 0 o J 1:'C 2·2BC 1 

1 " 1 ~ 1" ~) l'IJ 35.0' hO 0 7" _ 

u v o 0 o 0 21 C ~ 52 : ~ _ 

o 0 o 0 IG 

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

(1) (,,l,, l,t(,<fI t"~ ,'<Ion ddt" "('lpl,cc1 by Forest Protection Ltd. 

C') I"J""t,« th.t no ln!", «.,' 1011 w.), rccorded on the sprùy map, Iran .. hlch dùtù ln thl, tilble 

"," ,(I"JI":";, ej"t.! f""n nlC n".,t recent prcceedlng or sUccccdlng perlOo .. cre ,ut;,tltutC'J 

tif ,t l' ,r l 1 If l (If th" qu mt' t'( 
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Table A1.4 Quantlty of PestIcIde AdJwants (1) Used ln the New Brun~·"l1d .. 

Spruee Budworm Spray PrograiT1'Tle 

Co-~olYents (gm./ha.) Non·\.Iatcr Dlluents (9111 Ib.1 ) rll,ul-,I t l ," . ('1'" hl' 

Spray per 1 od 

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

1952·1955 1835.41 -917.70 (2) 5484.48 2742 24 U) 

195b·1968 917 70 (2) 

1969- 1972 20 28 0.0 

1973- 1976 lB 57-20 28 329.87 

1977-1980 tJ. 94-20 28 915 .42-B09 ft;:> 

1981-1983 703 72 - 21 11 

(1) AdJuvLlnt, are dCTlnL'd as cheol1cah otr' .. r thdn .... "tc. u· ... d ln '.p"y ',,,,',,,,,,,,,,,, 

calculatlon" bLlsed on dat;) ~u~lled by fo/c·,t Protcct/on l·ri (IH J 

11 11 

" 

(2) BeCLluse the ilc:ual co "olver>ts and dllu('nt oll', u'.cd \>II th DUT lu' 'nq tllO' l' l ,,,j t",," 

1952-1968 <lnclu"lve) ilre unknown ,wd bl'CdU',e Uw pl'rCl'ntilCjl' 1)1, /l:' j"","/l /t l' ri 

ccmponent (v/v) 15 kno\>ln only for ,>ome of tht:' yt:'ar~ /n th,·, P"I ,(,d, tf" t,,( lll"Ir,,, 

villue~ lIere .,ub ... t'tuted ln the cillcu,iltlon, a<., b<",t ,,,,t 1 lT1"t(>', 

p>rcentilgc co- .. ol vent 

p>rcentage dtluent aIl 

co-~ol Jcnt dC',,,l ty' 

diluent oll dcn~ 1 ty 

2C;; 

67.5;; 

.98 gl11 /ml 

.87 grn Iml. 



vil th in droplets greater than 25 microns [Crabbe et al. 

LTI<-UA-56, Sept .1980, pg. 21 J • 

The volatile components of all formulations evaporate 

rùpidly aEter release from the spray nozzles. One study 

ost 1 matcd tl1<l t the dropl et mcaian diameter of a UL'! Ivater­

bd~;OÙ tcnitrothjon formulation was reduced from 100 to 

approXlm;ltely 50 mIcrons within cl [ew minutes of :release 

from the ircraft (Kristrranson and Pic:ot,Jan.1983,pg.17]. 

16ï 

1 C)n1Ulatlon~J h,1VC' bcen ùeveloped sa tr.at no more th?11 50'?:. of 

tn(' lor':Hlldtinn vlill eVélporate before cont3ct wlth the 

t () rC':;t. 

At 'J()() meters dmJll'tllnÙ of the point of ULV sprJy 

c ( . J , > d '~(', d r 0 p let S \v l th d 1 êl ;n ete r s 0 f ab 0 u t 4 !TI i c r 0 n s 

(.·ontr lbutr the mast ta suspended spray élerosol wlth only 

dPI) 1" U :'. 1 In d t '--' 1 Y l r,: 0 t t h'~ s pra y m C1 s s bel n gin d r a p let s l a r 9 c c" 

th,lIl ~') nl<:r()n~; [('::rdbbc ct al. LTR-UA-56,Sept.1980,pg.::'CJ:. 

,;, 'Jl'rdl LlC'tnr'=:.;, d~;l(le from evaporation, are responslble for 

t Il J:; IJl!0nol:1L'll0I1. TecJet noz:les produce many droplcts less 

t li.! n G ni 1 ( " r 0 ri ~; Ul d l am etc r ( Cr ab b e et al. L T R - U A - G l , 1 C) 8:' , 

l''J.:','] ,1nd wlulc the torest canopy is an effective filter 

t u t- l' (1 r t ,1 1 n cl r 0 p let S 11. e s i t ha s lit t l e e f f e c t on t ne s e 

<;111,111 dt"uplct~~. l'ven under Ideal condl tions élnY'.,herc fro:-:-. 

,")_~~l •• ', ot the !..:;pr-clj m.Jss gcts ùeposited on the targeted 

t()r"~':,t. Furthcrmore, CllJ~atic conditions such as wind 

Vt'l()l.'tly dnd humidity along wlth local differences in 

tl'n·,lln m'I)' chal1Cjc deposits as much as 10-fold [NRCC 

1·11U·l,1!)-/~',PCJ.J:,;tmcc 1GOï3,1977,pg.128]. Research by Picot 

.JILl hr"1·;tn.ln:3cn SUCjqcsts thdt droplet rcle::lse height is one 

,,! tlll' l1;u~;t H,port,lnt 1.1c~or aiiectlng deposltlon rates 

[ t' 1 ('r,t ,1 nd ~r l:; t !1\,1nSOn, Juno 1981, pg. 17 ]. Operation;:.1l spri.\y 

Id.\I1<> l'lcv,ltlOn durlnC] the tCnltrothion period is atout JO 

],lt'tCt"~~ [Bes!lcr ct al. ,1982, pg.94 J. However, due to 

V,l r 1,lt lOns in 10c,11 terréd n this may vary substantially. 

\',1 Z"ldt lon~~ in 'w'lnd spccd complicate the calculation of the 

or t set (d r lt t d IstélnCe ot s'Ni1th ta target) leading ta 

11,lviq,ltion,d error. These factors combined with 
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irregular i ties in forest cover also contl ibu\:.c to V,l n ,1 t 11."1(1:; 

in deposition rates. 

other thCl.n the f.:let that thosc droplpt,., undl't- :,", 

microns are poor ly lnterc:epted by the fOl"cst (.',lnol').' J Il t t 1 t' 

is known about their distrlbution duc to lir:1lLltllln~:; III thl' 

methods uscd to sampi c thcm. Kromckote C,) t-Li::;, C,l';, ",ldl' 

impaetors J anù rotorod sLlmplers ù re the ml,thod:; L"l'I'Wlll!1 1 ~ 

empioyed to collect d.:ltll on droplct dlstrlbutlun:;. 

these fleld met~ods \1re in-:.;cnsitlvc to dl'Op!t't ';1."1':, l\t'l\" 

30 microns in di,::nr.etc-r, the cxpcrlmental lc";ult,; ul '1 li 1'\ Il 1 

are used to extrapolate bclow thlS eut-oft [Picot .Inti 

Kristmanson,June 1981,pg.16]. 

Crabbe et al. found thùt 21"0 oi th'.? ~~Ub-l"'}I1lJI"/ 

suspended ffiël.terllll durinC) 1 hour follo\.,rlnq Spt.1yll1'l \-J,I', 

feni troth lon v<:lpor and the renu lndcr élL"' l-ü:,O l [1.'I'1~-1 IA-

56 , Sept. 1980, pg . 25] . Over the period ot d doly, vdfJdl 

exposure mély excced d ropi ct. exposu re, bu t 1:; III qh 1 Y 

variable, and dependlng on amblent tompcrdtlln'.; tlll' dlll<lIIJ1t 

of vapor can Vl.lt:y as much as 10 [oid l Crd!J!x' f't dl. \.'1'1 1 -

UA - 5 6 , Sep t . 198 0 , pg . 2 5 ] . 

than 6 manths (l fter <:lgricu l tUl"cl] spr,lY 1 nej l Wi ICJ, l r) / ') , P'J· 1.' i 

The signlficance of vapar as d source 01 l':':po:;lln' '.-/111 L" 

discussed in more dett111 wlthln the contf';.:t of I,o/ur:,t-(',J',f' 

and computer genera ted exposure est imd tc". 111 t.h,_' tu .. : 1 \ "f) 1 (j' 1 ! 

section. 

The most sophistieated drift modcls ~;lIrFJ('~;t th"t: ;l'1' r)1 

the active ingredlent is depos i ted w i th ln. Il }: 1 lonl( t (, l', () t 

the flight iine and that .J'J:, of the élctlVO InrJrc']llnt l', 

still airbornc as v <:lpcn.- and sm<111 drop let'> at (lI) kil (jl'\" t ' 

[ Va rt y , 19 3 0 , pg . 67 J ' On the bdsis ot labot"atory rldtd 

supplied by picot et al. ln l r)8 0 , resu l t'., lrorn COfliplJ t,· r 

simulations apply primarlly ta acti'/e lWJred] c'nt; 

evaporatlon of co-sol vents and dll uents is .cap id dur! tr) 

t 

the ir relati vel y high vapor press u t:es. One hund re,l rJf:n;r'll t 

of these substances is expected ta have e'/apordted VII th 1 n 

7.5 kilometet:s from the spray line [Cri1Lbc ct éll. LTP-IJA-
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'J 2 , 1') (3 0 , pg . 17 1 • Small aerosol particles: ln the 2-20 micron 

range, contribute wast ta long-distance drift and generally 

travel tor many tens of kilometers, before they are removed 

from the a.tmospherc. Fenitrothlon residues l,: rain dO\oJmoJind 

of spray blod:~ ln the arder of .34 ppb have been detected 

and a sample collected 85 kilometers from the nearest spray 

black contilined a resldue level of .16 ppb. Residues in 

rnln col1ected withln spray blocks has been found to contaln 

c1:~ loueh ÙS "/7 ppb ['JLirty,1980,pg.G8]. Furthemwre, Crélbbe 

h.l~; d"!;]Gns t rd tcd thi1 t the pcrcentage of actl ve ingredlent 

rem,uning all-borne do""mwind beyond the area affected by 

(lt-op1et :"';C(jlment~tlon (approx. 500 meters) is i:lffectcd by 

the: meteorologic COl'dltions at the Ume of spraying. He 

dcmonstr~tcJ th~t approximately 6% of fenJtrothion remains 

i11rbornc ùt 7.S kilorneters downwind of a spray block when 

t;p ra y j ng ta}:os place undcr turbulent cor.d i tions versus 16 '6 

whcn ~pplication takes place under stable conditions [LTR­

[11\-:1,' , 1930, PC;. l l J. Trad i t lonall y, budworl11 spraying has 

ta k en p] JL'C' in the morn l ng and even ing when condItions are 

q('ner" 111 y !7~Llblc, on the assumption that àri ft would be 

minlmlzcd unùer these conditions. 

~lthough Slmllar d~ta are not available for DDT use 

wlthln ~hc spray programme, residues of between .02 and .07 

ppb in r~in w~ter have been detected in agricultural areas 

whC'n:- DDT Wl1S sprayed [\vHO,1979,pg.13]. In view of 

:~ 1 11\ i 1,11" i t l ('~; botween ëlgricul tural and forestry spray il1g 

dia" 1 nq thL) DDT rc r iod, i t seems reasonab l e ta assume that 

tlj()~~C) Vil lUt':; ioJould approximate those resu l ting from forestry 

" pt".1 Y 1 I1q • 

b. Detection of Residues 

'l'he mobility, persistence, accumulation, and biologieal 

I.·Olh..:'cntri1t ion ot chemicals, their isomers, and their 

dog r",llLlt lon products a re important features of environment.:ll 

Imp,H:t ,lSsCSSlllcnts. Fairly extensive information is 



1 
available for the organophosphate and cLlrb.3I1h\te pc::,t lL' itk', 

used in the New Brunswick forestry sprLly pral) 1-,\11111\(', bu t 1 \", 

is k:lOwn about the activity of thelr isomer,-, ùl- dl'l) LhLlt 1\'11 

products 1 and st i 11 less about the sub,~Ll I1L'l':; ll~;t.'d i Il t Il!' 1 t 

formula tion. However, the al q~HIOpho~;ph,l te <Inti L',1 rl',\llld t \' 

pesticides are generally viewed as non-p0rsist0nt. 

Detection llmits v.3ry according ta l1lcthod,-; ot <ln,11Y',I', 

used. Tùble AloS llsts thQ 11mit,; mosl ccmlllonl y n'!l0!-tl'd 1 Il 

the literi1ture for SOr.K' ot the pC'~;tl.C'ldl':-' U:-,t-d 111 thl' ~-'pt l, 

prograJ11me and sbo·,.Js th3t lovel s of detf'ct Ion t ()!- 01 tJ,II1U­

phosphate and cé1rbJ.mate insect icides cIre S lm i 1.1 t' in <Il l 

media. However, aecura te measurcment 0 f <1 In i llOC,II'b 1 n 

water is difflcllit because cf Its instul1l11ty in th,\t 1111',lllI'l 

[Varty, 1980, pg. 63] . 

Table Al.G l Lsts t:he half-lives of SOI~~C of th!' "pl'd';' 

cornponents in aIr, wùter, sOlI, sedIment, <1nd \"c'rtdlll ;\l11: Il 

tissues. \-JIth the exception of DDT, thc:~f' ~;l!lJ,;tdlH'f'!, dllfll' Il 

ta have residence times in the envi ronmL'nt in tlH~ r.lnql' (JI 

minules ta days. While fenitrothion, dl.~-;~nlv('d ln ':!dt,,!, 

has the longest half-llfe except for DDT, the proporl 1 r)1l (d 

the total ùmount in this form .15 probably s:nllil ln VII"'" (JI 

i t s rel a t ive in sol u b 11 i t yin W Ll ter and lt, ~:; r ,1 p 1 d (, V d P () r 0\ t l" 1 1 

from the surface of wllter. 

c. Biologie Persistence of Res i due:; 

An important aspect of biologie pcr!Ji~;tr.'n(·(' l~; tl1P III" 

at which a compound is absorbed relLltive to it,~ rdtr~ of 

excretion. Table Al. 7 lists the accumul.lt lf.J1l ,_''")(·/11('1 ('Ill, 

for sorne cf the most common budworm sprc1y cornp'")llnr]', u!~("i J ri 

the pasto From these figures, aminoc;trb a[./f;r ,It", unllh'ly t" 

attain high tissue lcvels or to rema.ln ~,('qué',t(~r('ri ln 

tissues for extended perlods of tImc. Cdrr~, hr)"(~'/~r mu~,l L, 

exerc i sed in the interpretat ion of thcr.;~ rt~~,U 1 t~ br.'(~dll' J' r,1 

the importance that time since initiiJtion 01 r~/.f./()~;IJrr~ c/.r'r l 
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'f. tblc Al. 5 D3tec.tion Limits for New Brunswick Forestry Spray Components 

Foliage 
Substance 

i'c,~ticides 

---------

/ .. n 1 ncx;, Id) 10 ppb (3. ) 

l, nI trotllion 10 ppb (5. ) 

l 'I1o::pholmldon NA 

'['t-tchlorlon l'V\ 

('( )-:,,~o]lJC'nt:-:; 1 E,o] vents, 
l '::'\ lI::; Iii c r~.> 

r)( il).' 1 1 tlc'no l 200 ppb (4.) 

]\. -1 (! t on, 'cs: 

Water 

.01 ppb (3. ) 

.01 ppb (3. ) 

10 ppb (1. ) 

10 ppb (1. ) 

1.0 ppb (2.) 

1. Ernst et al. EPS-7-AR-81-1,1981 
2. Ernst ct al. EPS-5-AR-81-3,1981 
3. Varty, UND, :980 
<1. NECC No. 18979,1982 

Sail Tissue 

10 ppb (3.) 10 ppb (3. ) 

10 ppb (3. ) 10 ppb (3. ) 

5 ppb (1. ) 5 ppb (1. ) 

5 ppb (1. ) 5 ppb (1. ) 

100 ppb (4.) 1000 ppb ('-;.) 
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Table A1.6 Ralf-Lives of Certain Spray Comp:ments in Oiffercmt Hedi.1 

---------

Medium Half-Life Hl' Cl' t"vl',- l' 

SUbstance 

------

Aminoc:arD air (vapour) 38 mins. .1. 
water (river) 1-18 di1ys l. 

ODr air 3.3 yrs. 
water 4.4 yrs. 
soil 5.3 yrs. 

Feni troth:i.on air (vapour) 61 ffill15 • ·1 • 
water (dissol veel) (1) GO days 1. 
water (surfùce) 18 mins. 1. 
foUage (surface) 4 days r) • 

sediment 10-15 hrs. ;) .. 

Nonyl Phenol water (pond, stream) 3 hrs. '1. 

foliage (surface) 3 hrs. J. 
salmon 6.0 hrs. l. 
mussels 8.5 hrs. 1. 

535 oil sea T,vater 1.0 hr. ~ . 

References : 
1. Ernst et al. ,1981 
2. V~y,UNB,1980 

3. NRCC No. 18979 ,1982 
4. Pesner et dl. ,1982 
5. Crabbe et al. ,L'IR-UA-56, Sept .1980 

(1) fenitrothion's half-life in acidic media is much lonqer 
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Table Al.7 Accumulation Coefficients of Sorne Spray Components 

------ ---

Species ACClmlUlation Time Rc[crClll~(' 

Coefficient ( 1) Pericx.i 
Spray Campement 

Pesticides 

Aminocarb mussels 4 NA l. 

Fenitrothion mussels 78-130 NA l. 

claros 19-35 NA 1. 

trout 400 12 hrs. 2. 

84 72 hrs. 2. 

Pesticide Adjuvants 

Nonyl Phenol mussels 10 NA l. 
salmon 250 NA 2. 

585 oil mussels 153 NA 1. 

References : 
1. Varty, 1980 
2 • Ernst et al., 1981 

(1) accumulation coefficient is the ratio of the rate of upbkc ta 
the rate of excretion 

NA not available 

17 J 
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on coet f icient estima tes and because of widely differing 

potencies of these toxins. 

Information on environmental residue levels after 

budworm spraying is fairly extensive, but does not include 

residue levels for DDrr. 

(1) Residue Levels Detected in Air 

It is apparent from Tables AI.8 and A1.9 that nei ther 

êlminocarb or fenitrothion is present in high concentrations 

beneath the forest canopy. This is not particularly 

surpris ing in v iew of the e ffecti ve fil tering action of 

fol iage. Concentrations vary according ta both hour of 

app l icat lon (morning or evening) and hour of rneasurement. 

Typically, an evening application results in a high initial 

peZlk tlwt dcc1 i nes over a period of hours, followed by a 

rise the ncxt day to a level of about 10% of the previous 

evening pct1k. Morning appl ications resul t in initial peak 

va lues somewhat higher than those of evening applications, 

followed by a graduaI dissipation over time [Varty, 

1980, pg. 68]. As mentioned earlier, one hour after 

fen i troth ion spray was appl ied by TBM aircraft, 

approxima tely 3 ù% of the sUb-canopy suspended material was 

174 

in the form of fenitrothion vapor and the remainder as 

aoroso1. The aerosol droplets are expected to be in the 

sub-25 micron range as they are poorly filtered by the 

forest canopy. The pesticide vapor continues to drift 

downwind wlth the aerosol cloud but- it is suspected that 

C'vcntuù Il y all 0 f the downw ind feni trothion concentration is 

in the form of vapor [Crabbe et al. LTR-UA-S6, Sept.1980, 

Pc]. 27] . 

Temperature affects the relative amounts of a compound 

in its vapor and liquid phase. Thus, fenitrothion vapor 

levels tend to rise over the course of the day as ambient 

tempe ratures r ise. Ne i ther fenitrothion nor aminocarb are 

expectcd ta pers ist for long because of their short 



Table A1.8 Chemical Residue I.evels of Aminocarb and Adjuvants ~tE:'C-tClI 
In the Environment and Different Animal Species 

\ ..-1 _, 

Medilnn Level Time Pericxl Re't l'n'l1\..·L' 

Residue 

Aminocarb 

Aminocarb Adjuvants 

Nonyl Phenol 

sub-canopyair 
pond water 
stream water 
river water 
lake water 
water reservoir 
sa:li.ment 
sediment 
sediment 
sediment 
foliage 
fish tissue 
fish tissue 

flowing water 
flowing water 
stagnant water 
stagnant water 
sediment 

< 1 ppb 
2.1 ppb 
2.6 ppb 

3.3-24.2 ppb 
2.4 ppb 

.9 ppb 
20.2 ppb 
3.0 ppb 

.1 ppb 
3.0 ppb 

17-37 ppb 
500.0 ppb 

< 20.0 ppb 

2.3-9.1 ppb 
< 2 ppb 

1100 ppb 
110-2.4 ppb 

50 ppb 

< 1 hr. 
NA 
NA 
5 hrs. 
48 hrs. 
1 wcek 
5 min. [X)st-sPl-'\Y 
30 min. po~Jt -~pr, 1y 
1 hour p:J:.:;t-~;pr,1y 

1 hour po~Jt-cJpl"ly 
1 ye...,r 
12-24 hr~~. po~;t-: ,1 JL-, 1'1' 
9G hrs. 

1-4 hrs. 
5 days 
4 hrs 

6-48 hrs. 
NA 

pex;t -~ ,pt, 1'1' 

-----------------------------------------------------------_.---_ .. -

References: 
1. Ernst et al., 1981 
2. Besner et al. , 1982 
3. NRCC 18979,1982 
4. Crabbe et al. , LTR-UA-61, 1982 

NA not available 

,1. 

1. 
l. 
l. 
1. 
1. 
') 

,). 

') .. , 
1 

3. 
1. 
1. 

3. 
J. 
1. 
1. 
3. 
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'filble Al.9 Olemical Residue Levels of Fenitrothion Detected 
In the Envirornnent and Different Anilnal Species 
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Medium Level TÏIDe Period Reference 
Pesticide Residue 

Feni trothion sub-canopy air < 1 ppb < 1 hr. 7. 
stream water 40-50 ppb NA l. 
brook water 1.9 ppb 9 hrs. post-spray 3. 
brook water < .1 ppb 5 days post-spray 3. 
lake water .4 ppb 14 hours 3. 
lake water .2 ppb 3 days post-spray 3. 
lake water .1 ppb 25 days post-spray 3. 
soil 40.0 ppb same day 2. 
feliage 2000-4000 ppb same day 2. 
foliage 350 ppb 1 yr. 6. 
moss 8890 ppb same day 4. 
moss 10-170 ppb 2 days post-spray 4. 
terrestrial 
insects 1840-5900 ppb 2 days post-spray 4. 

spiders 1130 ppb 2 days post-spray 4. 
shellfish 20-660 ppb 10 days post-spray 1. 
frogs 30-170 ppb same day 5. 
trout tissue 200.0 ppb 12 heurs 1. 
bird tissue, 
no canepy 45-244 ppb 8 hours post-spray 5. 

bird tissue 1 

canepy 19-39 ppb 8 hours post-spray 5. 
bird brains .01-7.05 ppb NA 3. 

Hcferenœs: 
1. Ernst et al.,1981 
2. NRCC 14104,1975 
3. Varty, 1980 
4. Besncr et al., 1982 
5. NRCC 16073,1977 
6. NRCC 18979, 1982 
7. CrLÙJbe et al. L'IR-UA-61, 1982 

NA net available 
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half-lives in the vapor phases. DDT vapor levels of less 

than 1 part per billion (WHO,1979,pg.12), howevür, have bC0n 

detected more than 6 months after agriculturai spr~ying. 

(2) Residue Levels Detectcd in Wdter 

Aminocarb and fenitrothion residues in water appcar 

similar and range downward from 50 ppb to less th~n 1 ppb. 

over periods of hours to weeks. Partitionin<) al p,1n.'nt 

compounds, their isomers, and degr adation products dL' l-O~;~; 

water, suspended matter, and sediments has been repot'tetI tOI' 

DDT, aminocarb, and particuiarly feni troth ion [V,1t t y, M-X-

67,1976,pg.15;Besner et al.,1982,pg.7J. Fenitrothion h,l~; 

been shown ta bind at a rate of 500 microgrdms per q r,un 0 t 

sediment, dry weight, and has a half-life oL 10 to 1') hour"; 

(Varty,1980,pg.70]. It is, therefore, somc:!\v'h,1t SUll)I-J~.in(J 

that many studies have consistently faileJ ta detoct 

feni trothion residue levels in sediments [Ernst. et al. El'!;-

7-AR-81-1, 1981, pg. 50]. Tr ichlor fon, another onpnoptlO:.phd t (. 

used in the past, does not seem to accumulùtc ta ~ny 

appreciable degree in sediment. 

(3) Residue Levels Detected on Fo 1 i il <Je 

Under optimal conditions, anywhere from 25 la 8~~ al 

emitted spray is deposited on the forest cùnopy v/itll rC',iJdw' 

deposi ts on fol iage in the order 0 f 2 to t) ppm [IIHCC 

14104,1975,pg.35]. Results of studies conductcd by Yulr. <ln,j 

Duffy [1972] indicate that 50% of the depo~;it C'vripor.ite!J 

vii thin 4 days, 70-85% disappears a fter 4 wC!d:!], hut thdt d', 

much as 10% persists for up to l year [Cri1bhG ~t cll. LTH-!]f·.-

56,Sept.1980,pg.17]. These leveis after one Y'~;jr arc 

suff icient to cause 36-68% mortal i ty among sa'" f] y la r'friC! 

which fed on the foliage [NRCC 18979,1982,pq.88]. 

Furthermore, there is evidence to suggest thi1t thf'p-' ilrc 

fewer macra-invertebrates responsible for the dGcompo!]itiGn 
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of forest litter in areas with a history of fenitrothion 

spraying (Varty M-X-87, 1978, pg .15]. As can be seen in Table 

Al 8, aminocarb is much less persistent in this medium, 

per!":.aps as a result of its rapid breakdown when exposed to 

lighti its main decomposition oroducts from foliage deposits 

being methylamino matacil [Ernst et al. EPS-7-AR-81-1,1981, 

pg. 57) . Trichlorfon, USE:d primar ily in forests adj oining 

blt..:,,-:,bcrry producing districts, is considered to persist on 

fol i<1ge for times on the order of days [Varty M-X-87, 1978, 

pg.21). The high levels of fenitrothion residues detected 

in trce rr.oss have been of some concern because of the 

importance of was in the diets of certain bird species, such 

as the v..-hi te throated sparrow. The dmount of moss and 

contamlnated insects consumed by this species could deliver 

dos~gcs high enough to impair growth [Besner et al. ,1982, 

pg. 63) 

(4) Residue Levels Detected in Sail 

Sail beneath the forest is not considered a maj or si te 

of contamination. No more than 5% of emitted spray is 

expected to reach the soil beneath the forest canopy [NRCC 

14104,197S,pg.35). However, washout can cause secondary 

contZlmlnatlon of sail. Both fenitrothion and aminocarb are 

dcgr~ded by microorganisms in the sail with fenitrothion 

bcing degraùcd principally to amine fenitrothion [NRCC 

14104,1975] and aminocarb pr incipally to des-aminocarb and 

ùminocarb phenol [Ernst et al. EPS-7-AR-81-1,1981,pg.57]. 

Althollgh similar residue data for DDT could not be found, 

residues of 750 ta 2,030 have been reported in agricultural 

soils [\VI!O,1979,pg.46]. 



(5) Residue Levels Detected in Animal 

Tissue 

Organisms inhabiting the upper regions of the 10l-c~;t 

canopy are at the greatest risk of exposure to spray 

substances (Table Al.9). Of aIl the residue data obta il1C'd 

from the li terature, arthropods were cons lstent l y tound tn 

have the highest residue levels. Al though report~-; 01 

residue levels for aquatic invertebrates \~'erc' not j ()unel, 

their effects on these populations are documente'LI j 01 

phosphamidon, trichlorfon, fenitrothion, and élmlnOC,ll'b 

[Varty,1980,pg.52;Ernst et al. EPS-7-AR-81-1,!<)81,pg.34; 

Varty M-X-8 -; ,1978, pg. 8] • 

C. Impact of the Spray Programme on Orgimisms 

Inhabiting Different Environments 

Tables A1.10, Al.II, Al.12, and Al.13 list mC,1n l(~tlJoIl 

doses for many of the substances used in the New Brlln~-;''''' ll.:L 

spruce budworm spray programme. These prov ide a f r.1Jl1r! 01 

reference against which to evaluate the plausibllity ot 

harmful effects within the context of potentiill loveJ~~ of 

contamination within the environment. 

While acute effects are only one aspect of po~;~; i b 1(' 

1 ,.q 

in jury , very little information is available on the chronk 

effects of long-term exposure on many of the orgi1ni"Jl1~~ tll1 f ll'r' 

consideration. In the case of mamma l iiln spcci cs ln (Jonc roll, 

laboratory research is sometimes ava i lablc ta hc~ 1 p br i rjfF' 

sorne of these gaps. In general, prol ollCJcd cypo~ure:; to 

either the organophosphate pesticide fenitrothLOn or HF.! 

carbamate pesticide aminocarb have not becn l inked ta 

chronic effects such as slower responses to prcda tors, 

growth restr iction, or reproductive i rrcgu l ar i t les, ïl~; hd:, 

been the case for DDT [Varty,1980,pg.16]. 
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Ti.lble Al. 10 Acute LC50 r s for Aminocarb a.-rl oor in Different Animal Species 

Substance Species Exposure 

Aminocarb marine shrimp contact 
daphnia (1) contact 
salmon contact 
trout contact 
bobwhite oral 
starling oral 
ducks oral 
rats oral 
rats contact 
rats inhalation 

DDr salmon contact 
ducks oral 
rats oral 
rats denral 
rats intravenous 
rabbits dermal 
rabbits intravenous 
cat intravenous 
d~ intravenous 
monkey intravenous 

He fcrc~nccs: 
1. Ernst et al., 1981 
2. Prebble,1975 
3. WHO 1 1979 
4. Health and Welfare canada, 1975 
5. NRCC 18979 / 1982 

(1) daphnill is ù water flea 
(.') 4 hour e.>-.'POsure period 

Le50 Reference 

.2 pprn l. 
• 02 pprn 5 . 
8.7 pprn 5. 
8.9 pprn 5. 

31-41 pprn 5. 
212 ppm 5. 

2552 pprn 5. 
20-30 pprn 5. 

275 pprn 2. 
(2) . 10 ppm 5 . 

.05 ppm 2. 
> 2240 ppm 2. 
87-500 pprn 2. 

1931-3263 ppm 2. 
47 ppm 3. 

2820 ppm 2. 
30-41 ppm 3. 

32 ppm 3. 
68 ppm 3. 
55 ppm J. 
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Table A.l.ll Acute lCSO' s for organophosphates in Different Animal Spt.:"'C' k~. 

------- -

SUbstance Species E>q;>osure leS 0 El.~ t L' \ , '1 \, 'l' 

Dimethoate trout contact 20 ppm .1. 
ducks oral 41. 7 ppm ~) . 
rats oral 155-500 l'pm , , . 
rats dennal < 150-1150 ppm .1. 

Feni trothion daphnia contact .... J~ l'pm 1 

bees contact .0·1 mien!, lx" l 1. 

salmon contact 1.4 ppm .1. 
trout contact 1.9 ppm 1. 
ducks oral Il <)0 l'pm .1-
rats oral 250-670 ppm .1. 
guinea pig oral IfE)O.O ppm l. 

Phosphamidon salmon contact 11.0 l)l)m .i. 

trout contact 6.0 Ililm , 

ducks oral 3. OS ppll1 '1 • 
rats oral 15-33 l'pm <1 • 

Trichlorfon salmon contact 6.3 ppm <1. 
trout contact 1-<1.8 l'pm ;-> • 

rats oral 450-G<:Y) ppm .1-

rabbits de l:1TILl.I 5000 Pll!TI <1. 

------ - ---

References : 
1. EPS-5-81-3, 1981 
2. Ernst et al. , 1981 
3. NRCC 14104,1975 
4. Prebble, 1975 
5. WHO,1979 
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Tilble Al. 12 Acute LeSO' s for Spray Cornponents in Different Animal Species 

1 
Substance Species Exposure IC50 Reference 

Co-sol vents and Diluents 

Aerotex 34700 trout contact 2.7-5.0 ppm 2. 

0jclosol 63 daphnia contact 13.0 ppm 1. 
trout contact 17-20.0 ppm 1. 

Uiesel ail, 
Fuel Oil #2, #4 trout contact 1000.0 ppm 2. 

rats oral > 8000.0 ppm 4. 
rats contact > 4000.0 ppm 4. 

585 oil trout contact 206.0 ppm 2. 

r:mulsificrs (surfactants) 

Atlox 3409F trout contact 4-56 ppm 2. 

NOllyl phenol marine shrirnp contact .4 ppm 2. 
daphnia contact .14-.19 ppm l. 
clams contact 5.0 ppm 3. 
trout contact .56-.92 ppm l. 
salmon contact .9 ppm 2. 
rats oral 400-2462 ppm 4. 
mice oral (1) 1231 ppm 4. 
rabbits contact 1900 ppm 4. 

'l'ox imul ~1P-8 Mammals oral > 1000 ppm 5. 

I~e Cerences: 
1- EPS-5-8l-3,1981 
2. EPS-7-AR-81-3,1981 
3. Varty,UNB,1980 
4. NRCC 18979,1982 
5. ECFHOMA,1981 

( 1) in corn oil solution 
",' 



Table A1.13 Acute lCSO's for Spray Formulations in Different Anim..-ü S\X-"C:ic':,,; 

Fonnulation 

AIninocarbjNonyl Phenol/ 
Hydrocarbon oil 
(Matacil 1.80) 

Aminocarb/Ethanol/ 
Propylene Glycol 

Aminocarb/Ethanolj 
Propylene Glycol/ 
Hydrocarbon oil 

AminocarbjWater 

DlJl'/oil (2) 

Feni trothion/Aerotexj 
Fuel ail 

Fenitrothion/CYclosol 63 
(23%/76.4%) 

References : 

Species 

daphnia 
salmon 
trout 
rabbit 
rat 

rats 
guinea pigs 

rats 
rats 

daphnia 
trout 

rats 

trout 

daphnia 
trout 

1. Ernst et al., 1981 
2. WHO, 1979 
3. NRCC 18979,1982 

(1) 1 hour exposure pericxi 
(2) type of oil not specified 

Exposure lC50 

contact .1-,4 ppm 
contact J.5 ppm 
contact 1.58-5.6 ppm 
dennal 164-132 ppl11 
inhalation (1) .4~-.4·1 ppm 

oral JO ppm 
oral 60 ppm 

oral 17.1-25.5 ppm 
derrral 1'18 prm 

contact 1.1 ppln 
contact 21 prin 

oral 250 ppln 

contact 5 . 6-] 8 . 0 ppln 

contact < .01-.18 ppm 
contact 4.2-5.7 ppm 

--------~-- ~ 

1. 
l. 
1. 
L 
1. 

l. 
J. 

L 
J. 

J. 
l. 

;). 

1. 

l. 
1. 
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Cl) Impact of Spray on Terrestrial 

Invertebrates 
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The arthropad inhabitants of the upper forest canopy, 

such as the budwarm, are at the greatest risk of exposure ta 

spray compaunds. DDT i s weil known for i ts lack of 

spcci f ici ty with respect ta insects. The organophosphate 

pesticides in generai and feni trothion in particular cause 

extensive rnortality. 

Of aIl insect species, bees seern to be the rnost 

sensitive to fenitrothion. The contact Le50 for bees has 

been deterrnined experimentally to be 0.15 rnj crograms per bee 

[Bcsner et aL, 1982, pg. 68] . Data showing a low abundance of 

bumble bees in blacks sprayed with fenitrathion compared to 

untreated areas led, in 1968, to a ban on fenitrothion 

spraying of forests near commercial blueberry fields. 

'l'ri ch lorfon was sprayed in these areas because of its low 

toxicity to honey bees [Varty M-X-87, 1978, pg.ll] and in 1976 

the buffer area was increased ta 7 kilometers. Trichlorfon 

is not, hawever, of low toxici ty to SOrne other insect 

spccics. Mayflies, stoneflies 1 blackflies 1 caddisflies and 

midges ùppcar ta be particularly susceptible to trichlorfon 

rcsidues w l thin the env ironment appraaching the Leso 1 s for 

tl1ese spccies [Ernst et al. EPS-7-AR-81-1, 1981, pg. 10] . 

One study concluded tha J
" al though feni trothion reduced 

bec populùtions in May and June 1 recuperation appeared to 

OCCllr later in the SUmmer [Varty,1980,pg.60]. 

l ntcrestingl y, areas sprayed w i th aminocarb show an 

,1bllndùncc of bumble bees. Exposure cage experiments have 

a Iso dcmonstrùted the low arder of arninocarb 1 s toxicity to 

becs and some h;)ve speculated that the abundance of bees in 

ùminocàrb sprayed areas may result from the desJ.:.ruction of 

l..>cc predators such as spiders [Varty M-X-87 1 1978, pg .14] • 

Aminoc.:lrb is toxic ta spiders and adult chalcid wasps [Varty 

M-X-87, 1978,pg.15]. 



Conversely, the resul ts of a 4 year study of forest 

arthropods indicates that spider populations are una(fectc'Ll 

by either fenitrothion or aminocarb [Besner et al. ,1982, 

pg. 6] • 

(2) Impact of Spray on Aquatic 

Invertebra tes 

Surface waters such as lakes, rivers, strCill1lS, <l11l1 

reservoirs become contaminated by spray residucs by ci tl1L' t' 

direct surface contact or washout from contaminated soi 1 • 

Many aquatic invertebrate species are suscept ible to 

pesticides: for example, DDT at spray rates of 5GO sm./b,). 

completely suppressed insect emergence for up ta ') \Vl'l'k~j 

[NRCC 16073,1977,pg.393]. The effects of pcsUc Jc-'; on 

aquatic invertebrates have been extenslvely studicd. Aqdin, 

li ttle is known about the effects of other spray f ormll!iü ion 

components or their combined effects as formuliltcd. ln 19 ln 

aerial spraying in New Brunswick was banned w i th l n 400 

meters of all bodies of water greater thùn 40 h~ctilrc~ dnd 

aIl major rivers. Therefore, with the exceptIon of st rr:>;-l Ill:; 

and rivers too small ta be seen, navigational error, or 

contamination through accidentaI spillaqe, the ovcrd Il 

situation described below has changed since thilt t l me. An 

evaluation of the effectiveness of the no-spray (buffer) 

zones by the Environmental Protection Servie..! of Env i ronmC!nt 

Canada indicated reductions in lake water of about 56% 

[Ernst et al. ,EPS-5-AR-81-3,198l,pg.15]. 

Of particular interest has been the cùtcgory 0 f bcnt.tl Î<: 

insects, which are a principal part of the d iet of rnilny 

predacious species 0 f f ish such as trou t and sa Iman. A:~ Cd/1 

be seen from Table Al.8 and Table A1.9, fenitrothion Ilnd 

aminocarb residues range between < l ppb and 50 ppb, tlonyl 

phenol (an ernulsifier used in sorne arninocarb formulations) 

attains levels of over l ppm wh ich, exceeds the LC50 love 1 



for certain invertebrate species sueh as marine shrimp and 

daphnia (Table A1.12) . 
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Nonyl phenol was first used in the spray programme with 

the introduetiol1 of aminocarb formulations in 1974. Like 

other polyethoxylate non-Ionie surfactant agents contained 

in many of the spray formulations, such as atlox and 

toximul, nonyl phenol aets biologically ta increase 

lipophilicity which probably partially accounts for its 

accumulation coefficient of 10 in mussels (Table Al. 7) . 

Howovcr, dcspite its initial residue levels it is not very 

persistent in water, as indicated by its 3 hour half-life in 

this medIum ('l'able A1.6). 

Fenitrothion decreases the population size of stream 

invcrt(~brJtcs (benthos) [Ernst et al. EPS-7 -AR-SI-l, 1981, 

pg. 34 J. The threshold for the induction of benthic movement 

downstreum caused by feni trothion has been estimated to be 

20 ppb [I3esner et al.,1982,pg.74] whieh is within the range 

of rcs i dues detected in streams (Table Al. 9) . Monitoring of 

aquatic Insects following spray indieates that the actual 

kill r~te may only be about 5% [Varty M-X-67,1976,pg.9], and 

onc study found that population levels had returned to 

normul within one month of spraying [Varty M-X-S7,1978,pg.8] 

though i:mother found that the population had not stabilized 

by 6 wceks [Ernst et al. EPS-7-AR-81-1,1981,pg.34]. 

'l'he highest aminocarb residue level detected in water 

was 24.2 ppb (Table Al. 8). This is below the estimùted 

thrcsho 1 cl lovel for the induction of benthic dri ft [Besner 

ct ù 1 . , 10n =' , pg. 74]. The accumulation coef f icient of 4 for 

~minocélrb in mussels is low compared with other substances 

for wh i ch th i s type of data is available (Table Al. 7) . 

Not surprisingly, therefore, reports in the literature do 

not indic,lte that aminocarb, at level s resul ting from i ts 

typic~ 1 oper<1 tional appl ieation rate of 70 gm. Iha. has a 

signifIeùnt Impùct on aquatic invertebrates [Varty M-X-

67,197(),pg.9;Ernst et al. EPS-7-AR-81-1,1981,pg.34;Varty 

M-X-S7,1978,pg.8]. Even experimental introduction of more 

23 



than 3 times the amount expected under operational spr~y 

conditions failed te demenstrate adverse effects on aqu~tic 

invertebrate populations [Varty,1980,pg 49]. 

Praetically no information on residue lcvels or the 

effects of sprav formulation adjuvant oils on aquatic 

invertebrates eould be found in the literature. Table Al.G 

indicates that 585 oil, which replaced fuel oil #2 ilS ~n 

adjuvant oil in 1978, is not very persistent in w.:lter, bu t 

has a very high accumulation coefficient (T.:lble AI.7)" 

Also, hydrocarbon oils are insecticidal and have oven bl'c'n 

used in agriculture because of this property, 50 it in 

plausible that the petroleum oil components of spr.:ly 

formulations may disrupt certain aquatic invertebrate 

populations. However, giv~n the fact that a large 

proportion of the mass of ther"c .-:::ompounds is l ikel y ta htlV(· 

evaporated before contact with ground based surfllc(,~;, thl~ 

degree of disruption is probably small. 

(3) Impact of Spray on Fish 

In 1963 DDT spray was banned wi th in 0.8 kil ometer:. 0 f 

major salmon producing streams because of the toxiClty of 

DDT on this species. An organophosphate pesticlùe, 

phosphamidon, replaced DDT spraying in thesc aredS and 

thereby heralded not only the operational introùuct ion (Jj 

this new class of pesticide into the spray progrllmmo Lut 

also what was ta become a series of pesticldo substitutions 

as each new compound was found to have now toxiclty 

problems. While Tables Al.10 and Al. Il Ind] Cdtr..~ thdt UIJ'J' 

is more than 200 tirnes more taxie to salmon than 

phospharnidon, it also was discontinued, in 1976 b0Ci.lU~.,(· oL 

its toxieity to perching birds [Ernst et al. EPS-7-AR-Hl-1, 

1981,pg.45]. The substitution of trichlorfon for 

fenitrothion in 1968 around blueberry flelds [Wood,1~80J 

another example of this trend. 

1· r" 
.J 

1 ,' , ,\ 1 



1 

188 

In general, the Le50 levels for aIl organophosphate 

pesticides, aminocarb, and the formulation adjuvants for 

which data are available are an order of magnitude greater 

than any water residue levels reported for these substances. 

This situation also applies to those listed in Table Al.13. 

Of aIl these substances, the safety margin appears to Lè the 

narrowest for the organophosphate pesticide fenitrothion and 

the emulsifier nonyl phenol. The fact that these 2 

compounds also have relatively high accumulation 

coefficients qualifies them for special attention . 

. 1atacil, a commercial budworm spray formulation, 

contains 186 aminocarb, 50% nonyl phenol, and 35% 585 oil. 

One study indicated that this formulation was 10 times as 

toxic to rainbow trout than aminocarb alone [Varty,1980, 

pg.58]. As a result of this and other work in the area, 

nonyl phenol is no longer used as a formulation adjuvant in 

the spray programme. 

De3pite its relatively narrow margin of safety, the 

cornparlson of fish populations from areas with and without a 

history of intensive spraying suggests that fenitrothion has 

not dcplcted the populations Jr biomass of trout or salmon 

[Varty M-X-87,1978,pg.8]. Furthermore, direct mortality of 

fish caused by either fenitrothion or aminocarb at 

operational levels has not been documented in New Brunswick 

[Varty,1980,pg.2]. 

(4) Impact of Spray on Birds 

Many species of birds inhabit the upper canopy of the 

forest, and are exposed to chemical contamination through 

direct body contact as weIl as consumption of insects or 

vegetation. Spraying takes place in May and June when birds 

are also subjected to the physical and psychological 

stresses 0 f TIl igra tion and the onset of breecting [Varty M-X-

67,1976,pg.3J. Problems with pesticide toxicity in birds 

h~ve led to changes in the choice of pesticide sprays. 
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DDT is known for its negative effects on the 

reproductive success of severai species of birds of prey. 

DDT applied at rates of 1,121 ta 5,607 grams pcr hect~re 

aiso causes extensive mortality arnong many different bird 

species [Dunlap,1981,pg.77]. Table Al.J indici1te~:; th.lt 

quantities of DDT used in the early years of the New 

Brunswick forestry spray programme are within th b; r.lI1lJ<-'. 

Research carried out in 1951 on a tract of Lmrl spLlyl'd at" ,1 

rate of 2 pounds DDT per acre per year (2 t irnos tl1L' ,1 Il I1U.\ 1 

rate applied on New Brunswick forests in the ci1rly SO'~) 

over a 5 year period indicated a 26% decrease in the 

breeding population of birds [Dunlap, 1981,pg.93]. otlWl" 

research showed that the ingestion of 20 ppm DDT uy qU,l i 1 

decreased both the hatching of eggs and su rv i V<11 0 ( il.1 tcl1L'd 

chicks [Dunlap,1981,pg.9J]. Tissue conccntri1tion!:..~ ol DD'[' LIl 

predacious f ish and birds can reach tens 0 [ thou::'~dnù:; 0 l 

times the concentrations in their habitats. 

With the exception of dimethoate and phosphi1midoll, 

experimental research into the oral toxicity of spr,lY 

programme pesticides in ducks indicates acutc tOI{ Le i ty 

occurs above 1000 ppm (Table A1.10 and Télb 1 c À 1 . Il) • '1'11(1 

maximum air concentration of pest icide dctectcù f 0110';/ i n(j 

spraying is .44 ppb of fenitrothion [Besner et ill. ,l'JB?, 

pg.lOl]. Other data collected in the field indll~.ltc thdt 

the threshold of fenitrothion for acute eftccL; ln s('n~;itlVf' 

bird species is just above applicatlon rates of 210 grdm!J 

per hectare, and sorne very sensitive speCles ~;how efL(~(:t~. iit 

about 140 grams per hectare [NRCC 14104,197S,pq.(,ï.]. Utllf'r 

organophosphate pesticides used in the past wor0 mora tOYJ~ 

ta birds than feni trothion; both dimethoate cinu phosphdm j dr.J1l 

were discont inued because of their impact on scn~~ i ti 'J(..! b j r",j 

species. 

Kinglets and white throated sparrows drc consiùeleu t0 

be the species most vulnerable and sensitive ta the toxie 

effects of spray because they inhabit the upper farcst 

canopy and eat contaminated insects. 
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III. TOXICOLOGICAL CONSIDERATIONS 

A. Introduction 

An important feature of the budworm spray programme in 

New Brunswick is the large number of different substances and 

mixtures of substances employed over the years. Table A1.2 

contains a list of important compounds used operationally and 

sorne of their physical characteristics. This list does not 

include substances that may have been used on an experimental 

basis in the past, but even if this information were 

availablc, it would be of questionable importance in view of 

the relatively small amounts used and the extremely remote 

location of the experimental areas. For purposes of study, 

these cornpounds are classified into general groupings that 

reflect the formulations actually applied and their 

distribution in time and space, including the association of 

various classes of adjuvants wlth particular types of 

pesticides. This approach is to facilitate understanding of 

those aspects of exposure that are of greatest relevance to 

the asscssment of cancer risk in New Brunswick. Particular 

classes of compounds, such as oils or emulsifiers, are 

discussed in the context of the category within which they 

ma st commonly occurred. The classification of formulations 

is: 

1. organochlorine 

2. organophosphate 

3. carbamate 

The potential public health significance of compounds 

within each of these categories depends on such matters as 

their physical characteristics, conditions of human exposure, 

and their toxicity. 
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B. Physical Characteristics of Spray Compounds 

Information about the physical characteristics of 

individual corr.pounds within each formulation catcgory L',ln lH' 

useful in understanding a compound' s physical beh,1V lor 111 t Ill' 

environment. To the extent that this behavior is predlctive 

of either the compound's available dose or probable rauto ut 

entry into the body, it will be useful in the asscssmcnt ul 

exposure. 

include: 

a) 

b) 

c) 

d) 

e) 

f) 

g) 

Important physical attributes of chcmic,11 COI~l(1Ullr1,!, 

vapor pressure 

photolability 

stability at various pH levels 

susceptibility to hydrolysis 

polarity 

molecular weight 

lipidjwater partition coefficient 

Compounds wi th high vapor pressures evaporatc rdp i ù 1 y 

from surfaces with which they come into contact. This 

characteristic has important implications for substances 

released into the air in the form of aerosols at é1 d i!~t,lI1C"r~ 

from their point of contact. Under the5C cond i t i on~;, ( .1 '/ d 

small proportion of the total quanti ty rel eùscd l r: li;'~ , 1- (l 

reach its target. The vaporized component, depcndinrj on lt:'. 

stability may unde.cgo rapid phototransformùtion or rCIn.! 1 n J n 

the atmosphere where it may react with other substancC':; or t (. 

washed out. 

The chemical reactivity of a compound i5 mainly 

determined by its degree of polarity. HighlyelectrophlllC 

cornpounds are generally the most reactivc. 

Once a compound leaves the air to ~nter a watcr system, 

its persistence is rnost affected by its sU5ccptibility tu 

hydrolysis and to biologie degradation and transformatlon. 

The speed with which it undergoes chemical changes i5 common!; 

affected by the pH of the water, while the degree of 

, 
1 
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biolagically determined activity is proportiona1 ta the 

compaund's lipophilicity. After highly lipophilic cornpounds 

such as pesticides enter a body of water, they may become 

relatively unavailable for direct ingestion by humans because 

of their adsorption to microorganisrns and highly lipoidal 

sediments, but can nonetheless be a serious indirect problem 

if they concentrate wi thin the food chain and are eventually 

ingested by humans. Similar processes, ta a lesser extent, 

occur within the soil. 

C. candi tions and Levels of Exposure ta Spray 

Secondly, it is necessary to define as precisely as 

possible the conditions of exposure, especially the route(s) 

of entry into the human body and the intensity, duration, and 

frcquency 0 f exposure. The routes of entry are important in 

eva l uùting the l ikel ihood of a toxicol og ical response insofar 

as thcy a f f ect the processes of detoxif ica tion. For exaT:1ple, 

a compound that enters the body by way of the respiratory 

system or skin by-passes the portal circulation of the liver, 

which is the mLl ln si te of detoxif ication. Very li ttle is 

known about detoxification within the lung or skin. In the 

sprJy programme, the general conditions of exposure are the 

same for aIl substances under consideration and are primarily 

viLl the skin and respiratory system. 

Betwecn mid-May and the end of June each year, certain 

areLlS of forest are sprayed from the air wi th pesticide 

formulLltions. For the first 10 years of the programme 

(19~2-1962) DDT was used exclusively in hydrocarbon oil 

fOrP.1l11Lltions. Slnce that time many different pesticide 

formulations have been used. Table Al.14 contains a listing 

of these. These changes in the types of pesticides used over 

time complicate the evaluation of the public health 

significance of the spray programme. 

Exposure to chemical cornpounds contained in aerially 

applied pesticide formulations can occur by absorption from 



Table A.1.14 List of Spruce Budwonn Cl1emical Spray 
Fonnulations Used in New Brunswick 

Active Ingredient, Carrier (1) 

Organochlorine Fonnulations 

Dor, oil (2) 

Organophosphate Formulations 

Fhosphamidon, Water 

Trichlorfon, Water 

Dimethoate, Water 

Malathion, water 

Feni trothion, Water 

Feni trothion, oil 

carbamate Pesticides 

Arninocarb 1 oil 

Aminocarb, Water 

(1) when water is used, emulsifiers are also Œ~ed as 
adjuvants. Note that a srrall amount of sol vent 
is used even in the case of water-based fonnulatlull'i. 
Aerotex, a hydrocarbon sol vent, is the rno,:,t common 
solvent used in fenitrothion and WiJ.tcr tonnllJélti()n~;. 

(2) the tenn ail is used in the generic sense, and includ(·~~ 
bath hydrocarbon sol vents and pure sol vent compound: i 
such as Ibwanol. 
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the skin, or respiratory system, or through oral ingestion. 

Spray exposure is in the form of both aerosol droplets and 

vapor. Although estimates vary [NRCC 18979,1982,pg.74: 
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Varty 1979;WHO,1979,pg.200], aerosol droplets less than 5 

microns penetrate deeply into the lung and are deposited in 

the bronchioles and alveoli. Droplets between 5 and 10 

microns are deposited in the upper airways where again, 

depending on their solubility, they are either absorbed or 

swept into the pharynx to be swallowed or expectorated. 

Aerosol droplets ranging in size from 10 to 50 microns are 

rnost likely to be deposited in the nasal passages and can be 

considered to add to oral exposure. Table A1.15 contains a 

listing of the distribution of spray mass by droplet size 

ranges at time of release from the spray nozzles. These 

data are derived from the research of Crabbe et al. and are 

specifie to the ultra-low-volume (ULV) spray technology 

using TBM aircraft in the New Brunswick spruce budworm spray 

progrùmme and are therefore most relevant to spraying after 

1966. 

The use of small, relatively slow flying agricultural 

aircraft (90-152 km.jhr.) causes a shift in the median 

diameter of droplets but does not affect the distribution of 

the amount of formulation in droplets greater than 25 

mlcrons [Crabbe et al. LTR-UA-S6,1980,pg.28). Wind speed 

exerts a significant effect on droplet deposition, 

particularly with respect to droplets less than 50 microns 

in sizc. For these droplets, a doubling of the wind speed 

was round to reduce aerosol dosage levels by 50% [Crabbe et 

al. LTR-UA-S6,1980,pg.18]. 

Picot et al. have found that approximately 40% of the 

volume of the ULV spray vaporizes before it is deposited on 

the forest canopy or ground, or drifts past 300 meters 

[1980,pg.18]. Hopewell found that droplets from DDT 

formulations wlth initial droplet diameters of 100 microns 

decreased in size by 50% within approximately four minutes 

[llopcwcll,1959]. A large proportion of the solvents 
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Table Al.15 

Size Range 
(microns) 

< 5 

5 - 50 

50 - 75 

> 75 

Approximate Distribution of Spray Mass By '!hose Droplet 
Size Classes COnsidered to be Relevant to Route-Spccif ic 
Exposure As Generated by Ultra I.ow Volume Teejet Nozzll~s (1) 

Percentage of Spray Mass 
at Point of Release 

.5% 

6.5% 

18.0% 

75.0% 

inhill <lt i on 

oral 

(2) 

dcnn:ll 

(1) NROC 18979, 1982 
(2) not documented as contributing to inhalation, oral, or derm"11 (>Xfn~Ull' 
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and diluents which make up the greatest percentage of the 

volume of spray formulations evaporate within minutes of 

their release from the spray nozzles and travel within the 

spray cloud in the form of vapor. Alternatively, very 

little of the mass of the pesticide component of the spray 

cloud is in the form of vapor [Crabbe et al. LTR-UA-

56,1980,pg.23]. Crabbe et al. found that during the first 

hour following spraying from 10% to 30% of the mass of 

fenitrothion was vapor and the remainder was in the form of 

aerosol droplets [LTR-UA-65,1983,pg.21]. The vapor arises 

from the evaporation of pesticide deposits from contact 

points and is highly dependent on ambient environmental 

temperatures. Over a 10 hour post-spray period vapor 

exposure at the spray line can exceed aerosol exposure 

levels (Table Al.16 and Table AI.17). A spray line is 

defined as the track formed by a layer of spray aerosol 

generated from a single spray plane. operational spray 

application involve 3 spray planes that release separate 

spray tracks at 100 meter intervals. Under the influence of 

cross-winds these tracts join to forro a single swath. In a 

typical multi-swath operation the term spray line applies to 

the track ncarest to the outer limit of a given spray block 

and is considered to be the Equivalent of direct overhead 

spraylng. 

Two approaches to the estimation of aerosol pesticide 

exposure have been used within the context of the New 

Brunswick spray programme. The first is commonly referred 

to as the "worst-case scenario" approach in which it is 

~ssumed that 100% of the mass released from the aircraft is 

available for exposure. The second approach to exposure 

estimation uses computer simulation techniques to model the 

behavior of aerosol droplets in the environment after their 

release from spray nozzles. Table AI.16 contains worst-case 

estimates of exposure at the spray line for DDT, 

fenitrothion, and aminocarb and computer model estimates for 

aminocarb. 
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Table 1.16 

Route of 
Exposure 

Derrral (2) 

Inhalation (3) 

Oral 

Total 

Franklin Worst-case Scenario anj Crabbe Computer Model 
Estirnates of 1 Hour, Unshel tered, Spray Line Aerosol 
Exposure to DDr, Feni trothion, Aminocarb (l) 

Spray Line Aerosol Exposure (micro gr. /kg . /b\v . ) 

ODr Fenitrothion Amincx::Alrb Am incx:;1\ t") 
Worst-case Worst-case Worst-Casc Compute'l" 

188.00 67.56 22.50 6.6ïB 

NA 0.87 0.29 O. ü()()C) l 

NA 12.18 4.0f) a.()l \ Hl 

188.00 80.61 26.85 G.(,'I.'.' 1 

(1) all calculations based on figures trom NRCC 18979,1982, P=-J. 78 
(2) assumes 75% of spray mss available rather thù1l the lcss rC',lll~~tll' 

100% used in the Franklin worst-case scenario 
(3) aerosol exposure only (does not include vap:Jur) 

NA not available 
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Table A1.17 Sub-Canopy Fenitrothion Vapeur Inhalation Exposure (1) 

Spray Line -

Pericx:l After Spray 
(hours) 

0-1 .448 

1 - 3 5.368 

J - 6 21.476 

6 - 10 53.690 

Total for 10 
Ilour Work Oély 80.982 

Vapeur Exposure (micro gr .jkgjbw. ) 

Distance (meters) (2) 

200 300 500 700 1000 (3) 

.307 .245 .205 .150 

3.081 2.444 2.195 1. 788 

12.713 10.701 9.129 8.946 

30.826 24.452 21. 932 17.904 

46.927 37.842 33.461 28.788 

(1) hlSro on inhalatlOn rate of 29 litres per minute [NRCC 18979,1982,p:J.74] 
for a 70 Kg person using measured sub-canopy fenitrothion vapeur 
[LTR-UA-5G,1980,pg.25.] 

(:) weights were applie:1 to figures at each distance to adjust the 
C].lt: ... l to rcflec.."t values expected from operational multi-swath 
spraying (20 swaths). Test results are ba.seO on 1 swath only. 
[L1n-UA-56,1980,pg.27] 

(3) e.>..trapolùtcd by Crabœ et al. based on test data [lIT'R-UA-56,1980,.r:g.25] 
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It is interesting to note, although not surprising, 

that the computer model provides lower estimates for ù11 

routes, and in particular for inhalation and oral routes, 

despite the fact that the worst-case scenario estim~tes WCle 

modified to reflect that only 75% of the spray m~ss is 

contained within a droplet spectrum likely ta adhcre to the 

relevant body tissue. The computer model uses ù series Gr 
algorithms to calculate the time-integratcd ChëlnCj0S liS tl1l' 

droplets evaporate. The worst-case scenar io dol'~-; Ilot t,II (' 

into consideration the effects of evaporation on the dl"OP 1 {,t 

spectrum. It has been shawn that a 150 micron diamctcr 

droplet containing 70% #2 fue] ail and 20% aromatlc 

co-solvent decreases to 50% of its size in approXlmdtC'ly b 

minutes [NRCC 16073,1977,pg.176]. 

Dermal exposure differs between models to li mu ch ll'!;!;('l 

degree because it is much mOLe affected by largcr dr"oplet!; 

whose velocities are less dramatically altered by the 

process of evaporation. The worst-case scena rIo ilnù the 

computer medel alse differ slightly with respect ta the 

amount of exposed skin used in their cùlcu]ùtjon!~. 'l'his 

difference may account for a small part of the di!-;d(Jrf)Cm.:::)nt. 

Absorption of substances depesi ted on the skin is throU<Jh 

passive diffusion and is affected by mechanlsms in the Ilpiù 

and prote in structure of the skin. 

Absorption of aerosols entering the body throuqh the 

oral route has been assumed to be 100% [NRCC 18979,1982, 

pg.80]. This assumption should be qualified ln the Cél~,(' of 

DDT and perhaps other pesticides by considcrinq the nature 

of the solvent in vJhich the substance lS di.s~ol'J(.:d. lJU'l' l', 

less toxic when dissolved in petroleum products th,ln v/hr.·n 

dissol ved in ei ther animal or vegetable 0 il s [vJIIO, 1')79, 

pg.117]. This May be due to a laxative effect of the 

petroleum oil and might therefore also apply to oth~r 

pesticides dissolved in oil. 

Table Al.18 provides additional computer model 

estimates of aminocarb exposure at 400 and 800 meters beyond 
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Table Al.18 Crabbe Computer Merlel Aminocarb Exposure Estirnates By 
Distance From the Spray Line (1) 

Aerosol Exposure (micro gr. /kg . frJw. ) (2) 

Spray Line 400 meters 800 meters 

Route and 
Wind Speed 

I:)Jrnul (3) 6.67800 0.003000 0.00000 

Inhalation 0.00091 0.000077 0.00004 

Grill 0.01330 0.013300 0.00840 

Total 6.69221 0.016377 0.00844 

(1) treetopwind speed was 50 cm./sec. [NRCC 18979,1982,pg.79] 
(2) bascrl on 70 gr. !ha. amincx:::arb 
(3) calculations are based on model 's use of estirnated area of head, 

neck, fOr&"1nTlS and bands [NRCC 18979,1982,W.205] 
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the spray l ine. While aminocarb was chosen becausc 0 f tlll' 

availability of computer estimates for this pesticide, tlw 

shape of the curve is not expected to change. Fic 1 Li tri ,11 :. 

invol ving both arninocarb and feni trothion i ndi CZl toci t h,\ t l hl' 

differences in the dosages in the sprù.y W;:lS <11 mo!-;t en t 11 l' 1 Y 

due to differences in their application rates [Cr,\bbl' ('r ,11 . 

LTR-UA-65, 1983,pg.21]. The duration of the pa~,s,ICJl' ut ,1 

single swath in light winds has been estimatod to be trom :~o 

to 30 minutes [Crabbe et al. LTR-UA-56,10S0,PCJ· =-' 3]. 

Data collected in the field con firm thzlt thc' 

concentration of aerosol in the atmosphere fal10ws ù 10<] 

normal aistribution up to 7. 5 kilometers a.s pn:'d 1 ctt'd by t Ill' 

computer model [Crabbe et al. L'rR-UA-52, l gHO, pC}. i il. 'l'hl" ,l' 

resul ts are also cansi stent w i th what is ZlI ro,Hl Y known ,,!lmlt­

the distribution of aerosal masses in goncr,11 [Bt-dln ct Il 1. 

1974 ,pg.2-,. Under calm spraying conditions it W<1!~ iound 

that approximatel y 16% of the pesticide ma.ss 0 r the ~)pr.\y 

formulation drifts bey and 7. 5 kilometers whi le 6~) dr i rt~ 

beyond this point under more turbulent condition~1 [Crilbbp pt 

al. LTR-UA-56,1980,pg. 28J. The droplets thùt wor'" roulld to 

drift beyond 7.5 kilometers were found to range bolo',..; JO 

microns and are therefore likely to drift far an inde'! inltf' 

period of time before being removed from the a tmo~,php r('. 

Additional sampling at 22 kilometers from the !~prdy J 11)(~ 

suggests that droplets become mono-disperscù LIt i1tollnd ~ 

microns in size [Crabbe et al. LTR-UA-52, 1980, P9. 2 J 1 • ln 

view of the fa ct that spraying has histar icall y t.tl~pn pl d r;(' 

during periods of relative calm, the 161:: valu!? i~; th(: m(J',t 

meaningful for the purposes of th is stuùy. 1 t sl1a\l1 rj tJl' 

emphasized that the ab ove va lues a l 50 app L y sp~c 11 Ïcd ] 1 ï tr) 

the period since ULV spray noz::: les were i ntraùuccu j n to tl1'~ 

New Brunswick forestry spray programme in 19(j7, and 

therefore applies excl usively to organophospha te and 

carbamate pesticide sprays. Organochlorine (DDT) 

formulations were applied using high-valume nazzles and, 

although no documentation on the droplet spc:ctrum of DDT 
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forestry sprays could be located, it is reasonable to assume 

that a much smaller percentage of the spray mass would be 

contained within the very small draplets that are subject to 

long-range drift. The sarne spray technology was used in 

forestry spraying as in agricul tural spray ing during the DDT 

pcriod with the exc8ption that faster planes were introduced 

into îorestry spraying in 1958. Because of the greater 

shcar force acting at the spray nozzles of these faster 

pll1nos, a l arger percentage of the spray mass in small 

droplets i5 expected in the context of forestry spraying 

than is likely to occur in agricultural spraying. 

Ncither the worst-case scenario nor the computer model 

estima tes produced sa far Incl ude vapor exposure. Data 

collected in the field could be found only for fenitrothion; 

thcse arc contél ined in Table Al. 17. This table is based on 

dat<I collccted following a morning spray. Spray ing takes 

plélcc both in the morning and in the evening to take 

adVilntage of the calm created by temperature inversions 

during thcse periods. Al though, nat discussed in the 

litera turc i t is probably safe to assume a similar pattern 

for evening spray, except for an initial lag of several 

hours. other important features of this table include the 

fact that exposure was standardized ta a 70 kg. persan 

breJ.thing at a rate of 29 litres per minute. This figure 

appcars high whcn compared wi th amounts reported elsewhere 

but rnay accurately reflect excercise rates in exposed 

persans, <Ind was used to retain consistency with what has 

been rcported for aerosol inhalation in both exposure model 

estin1<1tes for aminocarb. Clinical investigators associated 

with the Newfoundland Medical Association used 20 liters in 

thcir estimi1tcs [NNAC,1979,pg.31] and Crabbe et al. used 6 

litcrs on one occasion [Crabbe et al. LTR-UA-56,1980,pg.i] 

and 10 lItres on another [Crabbe et al. LTR-UA-65, 1983 , 

pC]. i] . Fina Il y the Task Group of the International 

Commission on Radiological Protection used 21. 75 litres per 

minute in their report [Brain et al., 1974,pg.8]. The data 
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in this table show clear trends. Vapor exposure decreasc~-; 

wi th distance and increases over time as ambient 

temperaturûs in the environment rise. 

It has been shown tha t 70-85% of feni t rothion depos i tL'd 

on the forest disappears within 2 weeks after spr-Llying. 

Al though DDT vapor has been detected for 6 months follO\v in,) 

agricul tural spraying fHHO, 1979, pg .12] 1 vapor is not 

considered to be an important source of exposurc for th i~; 

class of pesticide. 

It can be argued that aU exposure values prcscntod ~;o 

far should be multiplied by 2 in view of the fact that mo~;t 

spray blacks are sprayed a second t ime 1 usua lly L\ t t cr a 

period of about 1 week. The bio-accumulrttion 01 DDT in 

animal tissues is weIl established wherel1s orCJ<lIloph()~;ph<î te 

and carbamate pesticides are generi:1l1y excrotcd r.1[dclly. 

Research carried out on rats by investigi1tor~ dt the· 

University of New Brunswick demonstratecl that U!:..llcllly marc: 

than 60% of fenitrothion was excreted ln the uri ne w i th i n '\ 

days of exposure to 10 mg. per kilogram body wC' igh t 1 w i th 

sorne residues remaining in the blood , brain , livc'r , ,lnù toit 

for up ta 16 days post-exposure [Varty 1 197'j]. A~;:::; um i nq 

similar processes in humans, sorne accumulation of CxpO~jUn2 

from one appl ication to the next is plausible for 

organophosphate and probably carbamate pesticidc'3 a!, well. 

Bio-accumulat ion from year to year is much l css pla us ib l c 

except for DDT. 

AlI exposure figures should be considered as arder 0 l 

magnitude estimates only. The magnitude of the error 

potentially associated wi th these types 01. e~t im,ltc~; i~; L)(,',t 

exernplified by the report that variation by as much <l~_. il 

factor of 10 was recorded wi thin a si ng l(~ ~~p r,1Y lJ l ocY. cl nd 

that in sorne situatIons spray deposi ts equiJ lIn der; rr~(~ tr) 

direct over-spray were observed at least 1. G Y. il ome:tr)c::; 

beyond the nearest spray block boundar'j [Varty M-X-fj/,l rj"j()j. 

The issue of long-range drift has been inadequ<1tcly 

covered in the literature. Worst-case estirnate'J hi1'/c not 
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been extended ta this area and the Crabbe computer model is 

not rel iable for exposure estimates beyond 7.5 kilometers. 

By applying the worst-case model assumptions to long-range 

aerosol exposure it was found that this type of exposure was 

approximately 1.7 times the total exposure expected at the 

spray l ine. This is based on an adjustment for the fact 

that at the spray line only 0.5% of the mass of the 

pesticide is in a respirable size range « 5 microns) while 

bcyond 7.5 kilometers this proportion is probably closer to 

16~. Because of the fact that a typical spray operation 

would involve 20 swaths, each of which would pass over a 

point in about 30 minutes, there would potentially be a 10 

hour exposure period at any point downwind as the spray 

cloud passed overhead. In the case of fenitrothion, the 

total cxposure under these conditions would be approximately 

278 micrograms per kilogram body weight. You will recall 

that exposure at the spray line is almost entirely dermal 

exposure while beyond 7.5 kilometers i t is almost entirely 

by inhalation. 

D. Toxicity of Spray Compounds 

Bccause the focus of this inquiry is on cancer, only 

data which is consldered to be relevant to the induction of 

ùnd or promotion of somatic events leading to the 

dcvclopmcnt of a cancer will be considered. These include 

short-tcrm in vitro mutagenicity studies and Iong-term 

studics of carcinogenicity in mammals. Factors affecting 

the cVë11uation of evidence from these types of studies 

inc ludc: 

(a) Long-term studies almost exciusively 
involve ingestion as the route of 
exposure. Because this route 
exposes potentiai carcinogens to 
biochemical processes otherwise 
absent or operating at lower leveis 
of efficiency in other routes such 
as the lung or skin, results should 
be generalized with care. 



(b) Toxicological responses to chemical 
cornpounds vary across mammalian 
species. For example, 
2-naphthylamine is a potent bladder 
carcinogen in doqs, hamsters, and 
man but not in the rat, rabbit, or 
guinea pig [WHO,1979]. Arsenic and 
benzene are human carcinogens but 
appear not to be rodent carcinogens 
[Weinstein,19831· 

Cc) Test animals are administered very 
high doses of compounds relative to 
the amounts likely to be encountercd 
by humans. The biological mech­
anisms involved in detoxificQtlon or 
transformation at high doses are 
frequently different from those 
operating in response to a chronic 
low-dose exposure. These different 
conditions may result in entirely 
different organ system responses. 

Despite these caveats, long-term chronic stuJics in 

animal species are generally considered to be uscful 

predictors of the carcinogenic effects of chemicQls in 

humans. 

Exposure within the context of the New Brun!".~wicl-: sprue!> 

budworm spray programme invol ves more than a sing le compolllld 

and the array of substances involved is discussed bclow. 

E. Spruce Budworm Spray Formulations 

In general, forestry spray formulations contain thru(' 

types of compounds: 

a) solvents and diluents 

b) emulsif iers 

c) pesticides 

While aIl formulations contain solvents ilnd diluc:nt:~, 

only those formulations that contain water as a di lU0nt ill :,() 

contain emulsifiers. Furthermore, DDT (organochlorine) '{/rI:; 

used almost exclusi vely for the f irst 17 yeFlrs 0 f thC! tlC:',1 

Brunswick programme and was formulated only with or~(lnic 

diluent ails. Organophosphate pesticides replaced DDT 



1 
beginning in 1969 and were formulated alrnost entirely using 

water as their diluent. Finally, carbamates were not 

introduced until 1972 and have been until very recently 

formulated sole1y with an oil diluent. 
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The pesticides are frequently referred to as the active 

ingredient of the formulation. This is a misnomer in the 

sense that sorne of the members of the other two categories 

also possess pesticidal and other biologic properties. 

Those pesticides that have been used within the aerial 

budworm spray can aiso be grouped into 3 categories: 

a) organochlorine pesticides 

bl organophosphate pesticides 

cl carbamate pesticides 

1. Sol vents and Diluents 

There is a fine distinction between the terms diluent 

and co-solvent. The distinction is generally made with 

respect to the quantity of the compound contained within the 

sprily forrnul ation rather than a resul t of any chemical 

differenccs, and many of the compounds used as co-solvents 

are iliso used as diluents. Pesticides are frequently 

produced in a pawdered form and co-solvents are used ta 

produce liqu ld concentrates for certain types of 

<1ppl ica tians. Di l uents, however, are usually added by the 

LippI iCLitar in arder ta produce a desired formulation 

v iscas i ty. The function, there fore, of aIl spray diluents 

and co-salvents is to produce pesticide solutions. Because 

most pesticides are not miscible with water, the y require at 

l Cilst a sm,ll] amount of organic sol vent to form solutions. 

Pr ior ta the introduction of organophospha te pest icides , 

hyùrocarbon solvents were most commonly used as diluents. 

Hydrocarban sol vents are not pure compounds but 

mixtures of hydrocarbons derived from petroleum, coal, or 

shale. Both the source of the hydrocarbon oils and the 



manner in which they are refined can rnodify their 

carcinogenic behav ior. 
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Crude oils are initially subjected to a distillllt ion 

process in which constituent materials are sepclrZltcd 

according to boiling range. Sorne of thcse praducts ,11'0 tlwn 

subjected to a secondary refining stage. One common 

secondary stage is treatrnent wi th hydrogcn to lowcr the 

aromatic content of the final product. Anothcr I nvolvc~j 

catalytic cracking operations that use hCd t cdt,11 y~,t '; ,1 nd,'Ul­

hydrogen to split rnolecules into smaller unIt!., or ta LTCdt,\ 

entirely new rnolecules. various light and hcavy 0 i 15 and 

residues result from this process. The hOZl'vY 011:-; dnd 

residues wi th higher boi 1 ing po ints USUùll y cant l1 in hi qh 

concentrations of highl y carcinogenic pol ycyc Il cal alTItl t iL' 

hydracarbons (PAH) such as benzo(a)pyrcnc Z1nd phcnc1nthrcn p • 

ails boiling above 370 degrees centigrade ilro 

carcinogenic to the skin of mice [Bingham et ,11., 1980 J • 

Their carcinogenic potency appears to be de temi ned m,l in l y 

by the concentration of PAH wi th boi l inq po 1 nt" i1bovl' th 1~; 

1 imi t. Temperature, however, should bc us eu on l y ,1S (1 r(JuqlJ 

guide to the carcinagenic potency of thcsc oil~; <l:"; the' type 

and concentration of PAH also varies accord inq to th(~ ~-;Olln.:(' 

of the hydrocarbon oils (petroleum, cOëll, shale). lt l~-; 

also a common practice ta blend oils with di fieront m,IX 1 mllm 

boiling points ta obtain products wi th de'.:; i reù phys i Coll 

characteristics. This type of activ i ty has important 

irnplica Jcions for the care inogen ic potency 0 f tiw t l nd l 

product insofar as hydrocarbon disti llates ',,11 th bo il i WJ 

tempera tures ln the range of 315 ta 42':., dcq rcr~~, cc l ',1 U~; , 

although not themselves carcinogenic, appoar ta be cdpab l(~ 

of enhancing the carcir.ogenic aetivity of olls vlith hirJt!(>r 

boiling points. The interested reade r ü; rc ferrcd ta ël 

comprehensive review of this top ic by Bingh;Jm 'l'ros::;et 1 é.l nd 

Warshawsky [1980] for more detailed information. 

During the period from 1952 ta 19G8, DDT WëlS 10rmulatC!d 

with a variety of hydrocarbon co-solvents and dDuents. 
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prorninent among the co-sol vents were toluene, xylene, and 

rnethylated naphthalenes, while fuel oils #2 and #4 were 

among the most popular diluents during the latter part of 

this pcriod. Unfortunately, no information is available on 

the nature of pesticide diluents used àuring the early years 

of the spray programme. 

Methylated naphthalenes are obtained from coal tar and 

petroleum sources. While their exact composition varies, 

they gcnerally consist of a mixture of aromatic and 

allphatic hydrocarbons. Toluene is used extensively as a 

solvent in a wide range of coatings and adhesives. Xylene 

and nùph thù lene are used as sol vents for rubber, 

po 1 ystyrenc 1 and many resins. Outside of occupational 

settings where these substances are used it would be 

cxtremely diff icul t to evaluate the am ou nt of background 

exposure ta which a typical New Brunswicker is lL~ely ta be 

exposed. 

Fuel 011 #2 and #4 are domestic heating oils produced 

[rom direct distillation or cracking, or as residual 

by-products of other processes. These ails in particular 

are highly varlable in their composition and boiling points. 

They are commonly blends of simple low and high boiling 

d 1S t illates; sorne may have been subj ected to c.:ltalytic 

cracking. Fuel ail # 2 has a boil ing range of from 177 - 343 

degrecs celsius and is generally composed of 30 - 32% 

ùromatics, 37 - 43% paraffins, and 26 - 32% naphthalenes 

[Binghùm ct al., 1980J. Diluent ail 585 is a highly refined 

ai l th,1t was introduced into the spray programme in 1978 as 

i1 pesticlde diluent. Laboratory tests conducted by the 

Canadiùn Oepartment of Agriculture indicated that, at a 

linl1t of dctection of 1.0 to 2.0 parts per million, no 

pol ycycllc arornatic hydrocarbons of the type suspected of 

hùv ing sorne association with cancer were detected [Ag 

Cùnada,1983J. 

Aerotex 3470 , a high boiling point petroleum 

distillate, is a complex mixture of alkylated benzenes, 
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naphthalene, alkylated naphthalenes, alkylated polynuclc.\ 1-

aromatic hydrocarbons, and alkylated bibenzyls [Safe ct 

al. ,1977). It has been used annua lly as a co-sol vent fOl 

both oil and water-based organophosphate formulations si nC'l' 

its introduction in 1969. The relatively high ùcgrcc 01 

water solubility and lipophilicity of its alkyl.:1ted 

naphthalene fraction has been found to promotc i ts b io­

accumulation in the environment [NRCC 16073,10"/7, pg. ,7 J) . 

Cyclosol 63, another hydrocarbon product, W,1'~ t i c.t 

used on an operational basis in 1982 and hils becn uscd ~i i tH.', \ 

that time both as a co-solvent and as a diluent. It i~; Ilot 

a fuel oil but a mixture of hydroca rbons m~nu [ëlctut"cd in t hl.' 

ref inery. At a limi t of detection of 5 pùrts per m i.ll ion 

(wjw), Cyclosol 63 does not contain any tri-cyclic arom"tiL':; 

or other potentially carcinogenic polycycl ic ël romdt l C 

hydrocarbons [Granville,1982]. 

Dowanol (tripropylene glycol methyl ether) WilS 

operationally introduced into the spray programme in tlH' 

same year as Cyclosol 63 and l ike Cycloso l 61 has bcon \I·,(~d 

both as a co-solvent and as a diluent. Unlü:c <11l of tlw 

other co-solvents and diluents employed in the sprily 

programme Dowanol is a pure compound and for th is re,}:",;ull hd:; 

been recommended by as a more desirable substance for W;(J ln 

the spray programme [Spitzer et al. ,1982] . 

Nonyl phenol is a mixture of monOêl H:yl phenol S i1nd vIol'; 

used as the primary solvent for aminocarb. Matacll 

(aminocarb 1. 8D) oil soluble concentrate conta l ncd ~o. ':J ':, (Lit 

weight) nonyl phenol. For every 70 grame::; ot () ml nOC<l rb 

sprayed, 182 grarns of nonyl phenol WùS éJ.lso sprilyeù. H', 

function is ta keep aminocarb in suspcnSlon when mixt:ù WIttl 

fuel oils. Because amj nocarb is a pola r compound i)nd 

therefore only moderately soluble in aromùtic solvünt:~ rHJ!lj J 

phenol acts as an emulsifier to bind aml noci)rb to the 

hydrocarbon solvent (Thurlow,1979,pg.43). A grcat d(:i11 (JI 

interest in nonyl phenol was generated by the f inding thdt 

aminocarb formulations containing nonyl phenol are 10 tim"': 
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more toxie to rainbow trout than arninocarb formulations 

without. It is possible that part of its toxicity may be 

due to the nonyl group of phenol which is known to increase 

lipophilicity [Varty,1980,pg.57]. Although field studies in 

ontario suggested that even in the worst case of 

contamination there would be a 100 fold factor of safety for 

salmon, a new formulation was developed that did not require 

nonyl phenol [Varty,1980,pg.2]. Nonyl phenol and other 

similar compounds are used in a wide range of commercial 

products and acute toxicity is generally greater than 1000 

mg/kg body weight [ECPHOMA,1981,pg.29]. 

2. Emulsifiers 

Emulsifiers are complex mixtures of palyoxyethylene 

ethers and benzene sulphonate esters. They belong to a 

class of chemical compounds known as surface active agents. 

Their primary activity is to alter energy relatianships at 

interfaces, usually by lowering surface or interfacial 

tension. This is achieved by the structural arrangement 

withln the emulsifier molecule of a hydrophilic group and a 

hydrophobie residue. The function of emulsifiers within the 

spray formulation is to facilitate the dispersion of the 

pesticide/solvent solution within the water component of the 

formulation. 

The chemical activities of emulsifiers within 

biological systems include: 

1. alteration of membrane permeability: 

2. interaction with and alteration of 
antigens; 

3. inhibition of enzymes; 

4. interaction with proteins resulting 
in precipitation, complex formation 
and denaturation. 

An evaluation of the presence of emulsifiers in the 

environment indicates that these substances are ubiquitous. 



They originate from such varied sources as household 

detergents, toothpaste, shampoo, paints, floor polishcs, 

textile coatings, leather coatings, and processcd foods. 

3. Organochlorine Pesticides: DD'r 

The best known members of the organochlorine fami l y al 

pesticides are DDT, aldrin, dieldrin, chlordane, cndr in, 

lindane, BHC, heptachlor, methoxychlar, toxl1phcl1C', ,lnd 

endosulfan. These pesticides are knawn to be pC'l-sistcnt in 

soil, food, and feed and tend to accurnulate in the fùtty 

tissues of animaIs and man. 

:' l l 

DDT was the only organochlorine pestic ide uscd [0 r 

forest protection in New Brunswick. Its use WdS 

discontinued in 1969 as a consequence of i ts pers istC'ncc in 

the environment and its negative effects on certilin dnim,11 

species, particularly on the breeding of b i rds of prey. 

The main acute toxicological effects of argilnochlorino 

pesticides are on the nervous system and the 1 i ver. Bath 

the central and per ipheral nervous system a rc il r t ccteù. 

Single or repeated doses lead to hyperexcl tabi 1 i ty, trcmo 1 

ataxia, and convulsions in animaIs. Sufficiently hiqh do~;(!~, 

are lethal, with death usually due ta resplrc1tary Llilurc 

brought on by the convulsive stage of the toxie rcspon~::.c. 

Nervous system effects are due to the action of thcse 

substances on tissue membranes. DDT also causes foe,ll 

necrosis of liver cells in several animal spccics 

[WHO,1979,pg.16]. 

a. Physical and Chemicul Propertics 

DDT or [1, l, 1-trichloro-2, 2-bis (p-chlorophenyl) 

ethano], is relatively non-volatile campdred with ether 

pesticides used in the spray programme. l t is aIse hiqh 1 ï 

lipophilic and very resistant te oxidativc, reductive, an'J 

hydrolytic enzymes. These propert i es account for i ts 



1 

" 

extreme mobil i ty, persistence, biological concentration, 

1 ipid storage, and remobilisation in the env ironment 

[Varty, M-X-87 , 1978, pg. 22] • The only exception is that DDT 

decomposes rapidly under biologically active anaerobic 

conditions. 

b_ Sources, Routes, and Levels of Exposure 

Organochlorine pesticides, particularly in the form of 

DDT, have been the most extensively used pesticides in 

history. DDT was introduced on a limi ted bas is by the US 

military in 1939 for use against vector-borne diseases such 

as malaria but was not made commercially available until 

1945. In North America, it was used extensively prior to 

the 1970's. 
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DDT has been used extensively in agricul ture in North 

America, and forestry sprays have not been the most 

important source of exposure within the New Brunswick 

populdtion. While i t is highly unlikely that as many 

hect.:lres 0 f agr icul tural land were sprayed as were hectares 

of forest, a larger proportion of the population live closer 

to f lIrmc r' s fie Ids than to areas of susceptible soft-wood 

forcsts. 

Ingestion of fond is considered to be the major route 

of DD'r' s entry into the body. The daily intake of DDT in 

food in the US from 1953 to 1954 was estimated to have been 

from .184 to .286 mg./person. Ten years later it had 

doc roased to from .038 to . 087 mg. jperson and by 197 a was in 

the orùer ot . a 15 mg. /person (WHO ,1979] • 

OccupatlOnal exposure to DDT is mainly via the skin and 

the resp i ra tory system. Levels in the occupat ional 

env i ronli1ent have been recorded to reach 104 micrograms per 

litre of air [WHO,1979]. Assuming an inspiration rate of 29 

litres/mln., a worker 1 s respiratory exposure would be 

approximLltely 26,000 micrograms of DDT per kilogram body 

\"0 ight per la hour working day of exposure. Dermal contact 



is also a source of exposure in this context, but 0 f lcs~;L' r­

importance because DDT is poorly absorbed through the ~;h in. 

The New Brunswick budworm spray programme used DDT Il!; 

its "active ingredient" from 1952 until 1968. 

million kilograms were sprayed over approximil tely 11. 7~) 

million hectares. Table Al. 19 contains informùtion on the' 

extent of spraying during the 17 year period during (l~)I).~-

1968) which it was used. Of aIl the areél spray0ù, OVCl' ql) " 

was sprayed with DDT. Worst'-case scenario est im,lh:">!; al Pl)'!' 

dermal exposure range from 376.03 micrograms pel.' ki loqt.lll\ 

body weight during the early spray years down ta ilS low 11~; 

94.02 micrograms per kilogram body weight dur ing the Llt tC'l' 

years of i ts use. If we were to assume that the proport ion 

of the mass of DDT contained in respirable aerosols Wl1~~ ~Jn". 

of that generated by ULV spray equipment then the <.lmount u 1 

respirable DDT aerosol could be calcula ted as rcll1g l nq 

between 24.19 and 6.14 micrograms per ki logTélm body. 

Vapor exposure is expected ta add .0000 61 microqr,lm!:J pel' 

kilagram body weight for a total exposure rimg ing betw0f'l1 

400 and 100 micrograms per kilogram body weight. 

c. Evidence of Mutagenicity and/or 

Carcinogenicity 

:2 l J 

While DDT does not appear ta be a mutagcn 

[WHO,1979,pg.115), animal studies indicate that DDT caw;(>'=-.; 

cancer of the liver, lung, and lymphatic system in mICO 

[Terracini et al.,1973;Kashyap et al.,1977] and Iivcr CdW':('r 

in rats [Rossi et al. ,1977]. Recent rescarch by Ros~J i dnd 

his colleagues [Rossi et al., 1983] indicated that DDE 

[l, l-dichloro-2, 2-bis (p-chlorophenyl) ethylenc], a prox imd l 

metabolite of DDT, causes liver cancer in hamstC!rs. Tlw 

fact that hamsters are not as efficient as mice in 

converting DDT to DDE [Gold et al. 198]] rnay expIa in () 



TobIe Al. 19 Spray Area (1) by Formulation 

Formulation 

Dur 

OrrJélnophosphate 

CUmrnulative Area 
(in hectares) 

11,749,534.1 

28,720, 593.4 

Average Annual 
Percent of Total 
Provincial Area (2) 

9.41% 

27.94% 

(1) accurnulated over the 17 year pericx:l 1952-1~68 for DDI' and over the 21 
yœr pericxl 1963-1983 for organophosphates 

(2) total provincial area ycrrs = 7,343,700 ha. 
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previous report of non-carcinogenicity in hamsters [C~br~l 

et al.,1982] and rein forces the importance of the metùbolic 

activation of pro-carcinogens. 

4. Organophosphate Spray Pesticides: 

Fenitrothion, Phosphamidon, Trichlorron 

Organophosphate pesticides like DDT are powcrful 

acetylcholine esterase inhibitors. They were first 

introduced into the New Brunswick spray programme on ~n 

operational basis with the use of phosphamidon, followed in 

1965 with dimethoate and mal~thion, fenitrothion in 10h7 , 

and trichlorfon in 197.... Dirnethoate and mell dth 1 on wC' n::> 

sprayed on an operational ba::: is for one yc,l r' on l y, 1 ') ("" d Ih 1 

were appl ied to only 3,000 and 25,000 hec·tl1 rc~; 01 ! or(·~;t 

respectively and for this reason wi 11 not be cons iclnrcù in 

the section to follow. 

Organophosphate pesticides used in the spray proqrl1mW0 

have been formulated with water as weIl as with ail. Wlth 

the exception of one non-hydrocarbon diluent, Dow.mol, t11l' 

dlluents used for arganophosphate pesticides a rc ~; 1 mi l dl' 

chemically ta those used for DDT exeept thi:lt in mo';t Cd~;(>'j 

they are lighter and have lower boiling ranges. 

Phosphamidon was first applied along 3J t:i mct0r strip:; 

along the borders of rivers and streams bccduse ai DDT' s 

toxicity to salmon. It saon became a popular pesticiùe 10r 

general application to forests and ranks second to 

feni trathion as the most extens1vely spraycd orrJanofJh():,pll.d (. 

pesticide. Extensive bee mortal i ty led ta 1:; 

discontinuation after the 1976 spray yedr. Unfortunat('ly, 

very little information on the toxiei ty of this compound i:, 

available. 

Fenitrothion is the most extensively applicd posticJrJ 0 

for forest protection in New Brunswick w i th more thiln 2 H 

million hectares of forest having been sprayorj bob/cen 1')()7 

and 1983. This is more than twice the total ilre~ spr~y0~ 
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with DDT and almost 6.5 times the area sprayed with the 

second most commonly used organophosphate pesticide, 

phosphamidon. 
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Trichlorfon was applied to approximately 336,000 

hectares of fore st between 1975 and 1977. It was used 

mainly in areas adjacent to fruit crops, in particular 

blueberries, because of its relatively low toxicity to 

pollinating insects such as bees. Despite trichlorfon's 

relatively limited use it will be considered in more detail 

because it i5 on the US Environmental Protection Agency list 

of chemicals that will not be re-registered without review, 

for reasons of possible carcinogenicity in mice, 

teratogenicity in rats, mutagenicity in microorganisms, and 

possible bone marrow effects in other mammals [Ernst et al. 

EPS-5-AR-81-3,1981]. 

a. Physical and Chemical Properties 

Fenitrothion [O,O-dirnethyl-O-(4-nitro-rn-tolyl) 

phosphorothioate), is a yellowish brown liquid that is 

soluble in aromatic hydrocarbon solvents, of low solubility 

in aliphatic hydrocarbons, and poorly soluble in water 

[Spencer,1982,pg.289]. 

Tcchnlcal grade fenitrothion contains about 5% of 

impurities of which s-methyl fenitrothion [O,S-dirnethyl­

o(J-methyl-4-nitrophenyl)phosphorothioate], whose level 

rarely 0yr eeds O.05~, is considered to be the most important 

[NRCC IG07J,1977,pg.JO]. 

Fcnitrothion is metabolized by sail microorganisrns te 

amine fenitrothion and reaches non-detectable levels within 

32 - 64 days [NRCC 14104,1975,pg.31] following aerial 

application. 

Trlchlorfon [2,2,2 trichloro-l-hydroxyethyl­

phosphonJte], as a pure substance, consists of colorless 

crystals which are soluble in water, benzene, ethanol, and 

most chlorinated hydrocarbons but are insoluble in petroleum 



oils. It is stable at room temperature (22 degrees 

celsius), undergoes dehydrochlorination in alkaline and 

neutral solutions to dichlorvos (2,2-dichlorovinyl 

demethylphosphate), or to dimethyl phosphonic acid and 

trichloroethanol in acidic solutions. Technical gr~dc 

trichlorfon is reported ta be 98% pure with dichiorvos 

(0.2%) and dimethyl trichlorfon (0.3%) reprcsenting the 

Iargest proportions of impurities other than watcr. 

Dichlorvos is a powerful alkylating agent and thercforo ~ 

member of a class of highly reactive substances wlth th0 

potential to directly damage genetic material [IARC 

mono.30,1983] . 

Mammals rapidly 3.bsorb and excrete trichlorfon wi th 

from 70 to 80% being excreted by mice within 12 hours ot 

exposure. Its biological half-life is approximately 80 

minutes. 

b. Sources, Routes, and Levels of Exposure 
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Fenitrothion is uSEd for the control of insects ln 

cereals, cotton, smaii fruit, orchard fruit, forestry, ricp, 

and vegetables. It has aiso been used as a contilct ~;prdy 

for the control of cockroaches, flies, and mosquitoes 

[Hartley & Kidd,1983]. In Canada, however, fenitrothion l!; 

registered only for commercial use in forestry [NUCC 

14104,1975,pg.91). 

Trichlorfon is used on a variety of aqricultur,ll crop~'1 

and in animal husbandry for the treatrnent of ecto-p.}rd~; l t,·,; 

in cattle, in silviculture against the gypsy month tinù 

spruce budworm, and in rnedicine for the trc;'ltment of V,Œ lOIl!, 

intestinal parasites. 

Daily therapeutic dosages in humans are as hiyh as 70 

mg./kg./day for periods of up to 12 days. 

While trichlorfon has been detected ln the liver tis~uc 

of food producing animaIs in the US, i t was not dctectcd in 

a total diet study conducted in Canada from 1016 to 1918. 



While many other organophosphate pesticides are used 

for agricultural purpases in New Brunswick, fenitrothion is 

registered in Canada for commercial use in silviculture 

only. More than 5 million kilograms was sprayed over 

extensive areas of the province during the 17 year period 

from 1967 to 1983, nearly aIl of it in areas remote from 

human settlement. 

c. Evidence of Mutagenicity and/or 

carcinogenici ty 
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Results from short-terrn bacterial mutagenesis assays of 

fenitrothian are conflicting. Yddav, Vashishat, and Kakar 

[1982J, found fenitrothion ta be nan-mutagenic in 

Saccharomyces cerevisiae, but Kawachi and colleagues [1981] 

reported positive Ames tests with Salmonella typhimurium. 

While both studies report using technical grade 

fenitrothion, the pur~ty of the compounds used is not 

described. In view of the possible presence of as much as 

5':, jmpurities, with known batch to batch variation in the 

amounts of these compounds, it is possible that the 

different results reflect differences in the amount of 

impurities present in the compounds tested. 

The Kawachi research also indicated positive results in 

othcr short-term muta~enesis tests, specifically al in vivo 

chromosome brCdks in rat bone marrow cells, b) errors in 

sister chromêltid exchange in Chinese hamster cells, and c) 

~-;istcr chrom.ltid cxchange in human embrya ceIIs. Thelr 

tinùlngs were ncgative for a) DNA damage in Bacillus 

subtllis, b) nbnormalities in micronucleus development in 

Chinese hamster cells and human embryo cells, and c) 

mutation in Drosophila melanogaster. 

A two year dietary study of fenitrothion in the rat 

conducted by Hazelton laboratories Inc. and reviewed by 

toxicologlsts afflliated with the New Brunswick Task Force 

on the> Env lronment and Cancer did nat find feni trothian to 



be a carcinogen [Spitzer et al.,1984]. No other 

carcinogenicity studies reviewed by the Task Force were 

considered to be of sufficient qua1ity or reliability ta bo 

interpretable [Spitzpr et al.,1984]. 

Trichlorfon is known to be a mutagen in a vdriety a r i Il 

vitro and in vivo short-term mutagenesis assays but the 

findings from these studies are not consistent. ln gC'n(\r,\ 1 , 

the quali ty of chronic studies of tr ichlorfan in lllilmmc11~. i~, 

poor. The majority of studies were conducteù OV!?l" toa !~l)(ll t" 

a time span anè the fact that they reported no carcinogl'Ili<-.' 

effects is not particularly surprising. Two lifetimo 

studies, one skin application study in mico and one 

subcutaneous and/or intramuscular injectIon stU<lY in rat~-;, 

reported an excess of malignant tumours in th(~ tn'.\tmont 

groups. The rARe review committee appeùred ta hdVC littlf) 

faith in these findings because of Inadequnclo~ in 

reporting, but r feel that in view of tho pc1ucity of ddLl in 

this area that these results should be given grcdtcr wOlljht. 

The predominant tumour type in the mouse study were myoloid 

leukaemia. The monograph does not report the tumour type' (';) 

for the rat study. 

5. Carbamate Spray Pesticides: Aminocarb 

Carbamate pesticides, such as the organochlorines anù 

the organophosphates, are acetylchollne esterase inhibj tor:; 

and can cause similar al though frequently les:::; "cvere i1cut.· 

toxicological responses. 

Aminocarb is the only carbamate pesticide ta h~vc buun 

used in the New Brunsw ick spray programme. l t v/d~; fi r:::; t 

used operationally in 1975, by 1979 it replacccl fCllltrothiun 

as the principle insecticide for budworm control 

[Varty,1980,pg.40]. 

Prior to 1977 aminocarb was formulated wlth ù varictï of 

different diluents including Dowanol (glycol mcthyl ether), 
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Aerotex, mixtures of 1ight petro1eum hydrocarbon fractions, 

and diesel ail. In 1977 and 1978 fuel oil #2 was used and 

585 ail has been used since that time. Until very recently 

formulations included 50.5% by weight of nonyl phenol as a 

primary sol vent. 

a. Physical and Chemical Properties 

Aminocarb [4-(dimethylamino}-3-methylphenyl methyl­

cùrbamate], is a tan colored crystalline solid which is 

moderately soluble in aromatic solvents, soluble in most 

polar organic solvents, and unstable in strongly alkaline 

media [Spcncer,1982]. Hydrolysis is the major route for 

transformat.ion of aminocarb in animal tissues [Varty,1980, 

pg. 54). Acute toxici ty has been studied few several 

metabolites of aminocarb: 

4-(dimethylamino}-3-methyl phenol ( C) 
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3-methyl-4-(methylamino)phenyl-N-methyl carbamate (MAA) 

N-(4-hydroxY-2-methylphenyl)formamide (FC) 

N-(4-hydroxy-2-methylphenyl}-N-methyl formamide (MFC) 

4 -amino-J-methylphenyl-N-methylcarbamate (M) 

MFC and FC are less active than their parent compound, 

aminocarb, MAA and AA are as or more toxic than the parent 

compound. [NRCC 18979,1982,pg.163]. Experimental work 

indicated that 70% of aminocarb given to rats was expired as 

carbon dloxide within 48 hours, 25% was eliminated in the 

urine and 4 ~ in the feces. The (C) and (M) metaboli tes 

wcre found ta be 10 times more potent anticholinesterase 

inhibitors than aminocarb [ECPHOMA,1981,pg.28]. 

b. Sources, Routes, and Levels of Exposure 

No information could be found on the usage of carbamate 

pesticides outside of forestry. 



c. Evidence of Mutagenicity and/or 

Carcinogenicity 

Research findings conflict over whether aminocarb is a 

carcinogen. In one report, the Arnes test (salmonella/ 

microsome test) was negative [Spitzer et al.,1984,pg.62]. 

Elsewhere, in an abstract reviewed by the New Bt"uns\oJ iek 'l\\~;l" 

Force on the Environment and Cancer, aminoci1rb was found tu 

produce dose-related increases in mutations us 1 nl] tl1L' Am! ". 

test. However, aminocarb did not cause mutat iOlls in J 

strdins of yeast as measured by reversion from h istiù i Ile and 

~ethionine auxotrophy [Spitzer et al. ,1984,pg.67]. 

Alternatively, aminocarb was found to cause large doso­

related chromosome aberrations in chinese hamster oV.lI·Y 

cells [Spitzer et al.,1984,pg.63]. Furthennore, MdLll'il 

(aminocarb + nonyl phenol) was found to be mut,HjCn le U~~ i 11<) 

the Ames screening test [Spitzer et al.,1984,pg.G8}. 

Matacil Flowable (aminocarb + 585 oil), which docs not 

conta in nonyl phenol, was aiso found to be mutagenic, but 

only in the presence of hepatic oxidativc enzymes [Spitzer 

et al.,1984,pg.68]. 

A 25 month chronic feeding study in rats, 2 other 

chronic feeding studies in rats involving 0 to 800 m(j/krj/c].ty 

for up to 84 weeks, and a 2 year chron ie orill tox Le i ty ~;t\ldy 

in beagle dogs were aIl negative with respect to 

carcinogenicity [Spitzer et al. ,1984;NRCC 18979,1982, 

pg .170] . 
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Appendix Il 

Laboratory Centers for Disease Control 

tCD Conversion Table 

ICD-B 

140 
140-149 

140-209 

141 

141 143-149 

142 

143-145 

146 

146- 149 

147 

148 

149 

150 

150-159 

151 

152 
153 

153 154 

154 

155 156 

155 

156 

157 

158 

159 

160 

160-163 

161 

162 163 

162.1 

163.0 
194 

171 

170 

172 

172.0 

172.1 

172.2 

172.3 

172 4 

172.6 

172.7 

172.8 

172.9 

173 

ICD-9 

140 

140 142-149 

140-208 

141 

141 143-149 

142 

143-145 

146 

146-148 149.0 

147 

148 

149.0 

150 

150-159 

151 

152 
153 

153 154 

154 

155 156 

155.0 155.1 

156 

157 

158 

159 

160 

226 

160-163 164.2 164 3 164 8 164.9 165 

161 

162 163 164.2 164.3 164.8 164.9 165 

162.2 162.3 162.4 162.5 162.8 162.9 

163 
164.0 194 

164.1 171 

170 

172 

172.0 

172.1 

172.2 

172.3 

172.4 

172.5 

172.6 

172.7 

172.8 172.9 

173 



1 

Site ICD-8 

~ .. ... 

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

Breast 
Chorlonepi thellOlM and uterus NS 
Chorlonepithelloma and other uterus 
Other uterus 
Uterus (lncludlng ccrvlx) 
CerVIX uterl 
Female genltal 
Chorl0nepl thellorna 
Corpus uterl 
Ovary falloplan tube broad ligament 
Ovary 
Prostate 
Male genital 
Testls 
Melanoma of scrotum 
Bladder 
Urlnary 
Bladder and other urinary 
Kldney 
Eye 
BraIn 
BraIn and other nervous system 
Nervous system (benlgn and malignant) 
Thyrold 
lll-deflned cancer 
Neoplasms (secondary, lll-deflned, and benlgn) 
Non-Hodgkin's Lymphomas 
Lymphold 
RetIculum cell sareoma 
Lymphosarcoma and retlculum cell sarcoma 
Lymphosarcoma 
Other l yrrpho Id 
Hodgkln's dlsease 
MultIple myeloma 
Lymphatlc leukemla 
Lymphatlc and myeloid leukemla 
Leukemlas 
Myelold leukemla 
Monoeytle leukemla 
Other and unspeclfled leukemla 
Polycythemla vera 
Benlgn neoplasms 
Neoplasms of unspeclfied nature 
Neoplasms of lymphatlc and hcmatOpolctlc tissue 

NA not applIcable 

174 

181 182.9 

181 182 

182 

180 182 

180 

180- 184 

181 

182.0 

183 

183.0 

185 

185-187 

186 

172.5 

188 

188 189 

188 189.9 

189.0 189 2 189.2 

190 

191 

191 192 

191 192 225 238 

193 

195-199 

195-199,210- 239 

200 202 

200 203 

200.0 

200 

200.1 

202 

201 

203 

204 

204 205 

204-207 

205 

206 

207 

208 

210-228 

230-239 

200-209 

174 175 

179 181 

179 181 182 

179 182 

ll9- Hl2 

180 

180-184 

lBl 

182 

183 

183.0 

185 

185187.'-187 ? 

Wb 

187.7 

18B 

lB8 189 
188 189.3 189 l. lIN Il 11'.'1 <} 

1 B9 . 0 '89 1 Hl') :? 

190 

191 

191 192 

191 ln 2252.37.') 2)(,6 ,'W.t, 

19) 

195·199 

195-199,21O·229,?B.l.?I', ,'~IJ 

200 202 

200 203 

200 0 

201) r 200.1 

200 1 

200.2 

201 

203 

2Cj/. 

204 205 

204·206 207 0 20/,2 I,rJ 1 Ij 2'Jfj 

205 

206 

2070 207.2 207.8 20'\ 

207,1238.4 

210-229 

233.1 235-238 

NA 



Appendi x Il 1 

LIst of E,l(po~ure Labels Used in the Epldemlological llterature Reviewed 

PC5tlclde EApClsure Term 

FarrnT ng Oceupat T on<; 

Agr 1 cul tural crop Tndu',try 

AgI Icultural 1lVC~tock lndustry 

CJt tIc T nventory 

Cat t l c ranchers 

C,lttle treated 1.11 th pe',tTcTdes 

ChI c k en f iJrmer~ 

Chleken InVcntory 

Corn il, reùgc 

D," ry f <lrrn 

D,II ry f armer; 

D'llry f.lrll\lng 

D,illY filra~ 

DilI ry products Inventory 

Orllvery and routcmcn 

Faim 

r ,Ir III 1 ilbol ers 

Far III 1 abourers and f arm foreroen 

F,lIll1 no <lnlmo1l!> 

rdrm NOS 

F arm owncn. and m,lnilgcrs 

F.H ln wor~er., 

r <II Il.·1'-; 

F ,JI ml' r~, <lnd f arm ""lnùger~ 

r.1rllk'r ... ilnd toreo;tI:>rs 

LUIIK'fo.; fann man<lgcI!> and laborer, 
LHII."lr ~ nec 

F .lrll>:> l", (DwnelS and tcnilnt,,) 

F.l! 1111119 

f .lI Il'fWOI \...CI ~~ 

G.·n"1 ,,1 01 un\pcC 1 f 1 cd farln 

Llfdln flTT 11er •• 

Il.1<) InventOI y 

In',eltlCldc\ acre'i trciltcd 

1 n',l'C tIC' dc"/pe, tIC 1 dc\/hcrb' C 1 des 

lIVl·'tOcJ.. fafln 

M.lIOI OCCUp,lt lOti filr'm 

Orllh11d f,llrn 

01 dldl d l.lOOr cr, 

01 Lh,lrdl q" 

Or l h.lId, ... t<;, f.H l1il'rs 

Oth,'r JnTm •• 1 hu,bJndry farmlng 

PI9 t,trot» 

P,·ultry tarrn 

Reference( s) 

9 

9 

6 

19 
6 

19 
6 

6 

29,30 
19 
7 

27 
6 

19 
18 

19,33 
22 

27 
30 

33 

23 
9,26 
22 
23 
19 
19 
19 

2,10,11, 14,16,17,24,32,40 
9 

29 

6 

6 
8 

29,30 
38 
29,30 
19 

19 
37 

27 
27 

27,30 

22B 



--------

Pesticide Exposure Term 

Farming Occ~ations cont'd 

Poultry population 

Sugar beet production 

Use of herbicides on farms 

Use of insecticides on farms 

\/heat acreage 

\/heat and grain farmers 

Forestry and Agriculture OcCUpatIonS 

Foresters and loggers 

Forestry 

Forestry, flshmg, agriculture 

Hunting forestry and flshmg, agricul ture 

Loggers 

Occupat i onal Exposure to Pest icides Other Than Fanning, 

Forestry or Agr1cul ture 

Agricul tural chernical handlers 

Chlordane heptach lor 

DSCP 

DDT 

Gardeners 

Non termi te control operator 

Pest control opcrators-flJlli gators 

Pesticide appllcators 

Pesticides for fumigatIon 

Pesticides for lawn and ornamcntal 

Pesticides for household pests 

PestIcides for redents 

Production of agricultural pesticIdes 

Rallroad herbIcide sprayers 

Termite control operators 

Terml te pestIcide appl ieators 

Reference( s) 

31 

12 
13 
13 

6 

19 

23 

29,30 

34 
28 
19 

25 
35 
21 

39 

19,23 

36 
25 

5 

5 

5 
5 

5 
4 

3 
36 
5 

229 



F 

1 Pcr,tl~lde E)(po~ure Term 

Other MI~cellaneous Pesticide ExposurE's 

Ch 1 orophenol s 
I(crblclder, 

Herbicide'; ilcreôlgc', treated 

1 n',pc t 1 clde~ 

Pp', tiC 1 de., 

Pht:flOXy ne Id'; 

Phcnoxy nCld" or chlorophenoh 

Phenoxyncet IC ac Id., 

Referencees) 

15,20 

2 

6 

18 

2 

15,20 

20 
20 

230 



Appcndlx IV 

New BrunsWick Forestry Pesticide Formulations 

Fornulatlon/Adjuvant/Nurrber of ApplIcation Code Hl ~·ta( e.., 

OOT/Oi l/1 102010 9 .. 16123 g 

DOT /0 il /2 102020 23??776 2 

DOT/Di l/I+Feni trothlOn/IJater!1 13211 1 1(6):,.1 

Phosph ami don/'.Ja ter /1 201 Dl 0 90llWil 11 

Phosphamldon/lJa ter /2 201020 90419[\ / 

Fem t rothlon/lJater/1 301010 713m3 ;? 

Fem t roth 10n/IJa ter/2 301020 9566598.1 

Femtrothlon/Oll/1 302010 Ml0lll 

FemtrothlOn/Oll/2 302020 1094:,0'1 7 

Fem t roth 1 on/Cycl 050l/2 303020 143Bl~5 l, 

Fenl t roth lon/Dowanol/2 304020 Wt..!V,?U " 

Fen 1 t roth 1 on/IJa ter /1+Phosphaml don/llat er /1 32111 1 20 11\~16 9 

Feni t roth 1 on/lJa ter /2+Pho5phamldon/lla t er Il 321121 BM~.' 1 

Fenl t rothion/Watcl / 1+Fcm t rothlOn/Ol l /1 331211 76'JO/, 2 

Fem t roth Ion/lia ter!1 +Aml noc arb/OII/1 34121 , 56(1] 1. 

Fem t roth Ion/lia ter/l+AmI nocarb/Ol 1/2 341212 306131, ? 

Fenl t roth IOn/1I3 ter /2+Aml nocarb/Ol 1/1 341221 14032 1 

Fem t roth lon/llatcr/l+Tr 1 ch l orfon/llater /1 3511 " l'tU'I) Il 

Amlnocarb/\lôtcr /2 401020 401l.4 

AmlnoCdrb/OII/1 402010 15{,O~3Î 6 

Amlnocôrb/OIl/2 402020 14[,2')21 7 

Ami nocarb/OII/2+Pho~phami don/llater/1 422121 95'115 

Amlnocarb/Oll/3+Pho~phaml don/llater/l 422131 6BOÎ) 5 

Tri ch l or fon/llat er /2 501020 2 'J(,65 " 

o Imethoate/llater /1 600010 3119 l, 

Malath i on/llater /1 700010 2474.' 1 

Bacillus 800000 6/91 '} 
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101 
102 
104 
106 
116 
201 
202 
20] 
204 
206 
208 
211 
21::! 
21G 
218 
221 
224 
2:26 
228 
231 
234 
237 
239 
2·12 
2·1·1 
:'·1 :1 
301 
ll).) 

l DI) 

J Oh 

JOB 
311 
31:> 
31·1 
JIG 
318 
·101 
·lO·1 
.H)~) 

·10(1 
·lOS 

Appendix v 

1981 New Brunswick Population by Munic ipa lit Y , 
Standard Gecgraphical Co::1e, and Type of Municipality (1) 

Municipal i ty 

NEW BRUNSWICK 

SAlur YJ\RTI11 
ST. Mi\R1'll 15 
SIMONŒ 
SAINT JOHl l 
MUS QUASH 
GRNJD MAl'JAN 
SEAL CDVE 
NORI'I{ HeAD 
CAMR:lI3EUD 
WEST ISlES 
ŒPREAU 
rOJIIFIEW 
BLACKS HARPDUR 
SAINT GCORGE 
ST. GEOHGE 
SA-INT PATRICK 
SAnrr ANDRDvS 
SAurr ANDREivS 
SA INT--c:ROIX 
CUFFERUJ 
SAINT' STEPHEN 
ST. STEll!EN 
sJ\nIT JN1ES 
SA II'IT 11\ VI D 
rl'r-'IP ..... \RTOtI 
m/\i ID HARl:cuR 
mJSS\'ILIE 
GI t\IY)'I Ollf~ 
'mACY 
mEDDUCIDN JUNCTION 
LINCOLN 
PURroN 
OROr-'DCTO 
SH[FFIEID 
t-IAUGERVIIŒ 
NORIHFIEID 
Pl:ITI~SVI IlE 
G\GETO\<JN 
G\GCTO\,'N 
lW!f'STfAD 
\'JIŒIù\M 

Type of 
Municipality 

par 
vI 
par 
c 
par 
par 
vI 
vI 
par 
par 
par 
par 
vI 
par 
t 
par 
par 
t 
par 
par 
par 
t 
par 
par 
par 
vI 
par 
par 
vI 
vI 
par 
par 
t 
par 
par 
par 
par 
par 
vI 
par 
par 

Population 

696225 

1050 
530 

2765 
80520 

1270 
690 
550 
665 

1420 
860 

1060 
2025 
1360 
2145 
1155 

615 
370 

1760 
535 
455 

1745 
5105 
1325 
1585 

485 
640 
875 
345 
640 
735 

2920 
3675 
9065 

725 
1215 

865 
810 
280 
605 
350 
410 

232 
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1 Type of 
Municipality Municipality fbpulation 

Code 
--------

411 CAMBRIŒE par 795 
413 CAMBRIŒE-NARRQ\oJS vI 415 
414 JOHNS'ION par 745 
416 BRUNSWICK par 280 
418 WATEROOROUGH par 805 
421 CANNING par 760 
422 MINID vI 3Jl)û 
424 CHIFMAN par 9,10 
425 CHIFMAN vI 1820 
501 HAMMOND par 290 
504 UPHAM par 1100 
506 HAMProN J?<.lr 1730 
507 HAMProN vI 3135 
508 ROTHESAY par 1150 
509 ROTHESAY t 1775 
510 RENFORI'H vl 1tl90 
511 WESITIElD par 1905 
512 GRAND BAY vI 3165 
513 WES'TFIElD vI 1105 
514 KINGSIDN par 2175 
516 NORroN par 1030 
518 NORroN vl 1380 

521 SUSSEX par 2050 
522 SUSSEX t 39/5 
523 SUSSEX ffiRNER vl 1035 
524 WATERFORD par 4<10 

526 CARI:WEI.L par 1045 
528 HAVELOCK par 132:" 
531 S'IUCHOLM par 30B'j 

534 SPRllIGFIElD par 112') 

536 KAPS par lS'. 
538 GRID1WTŒ par HHiO 

551 EAST-PIVERSIDE-KIIIGSHURST vI 10Wi 
553 FA.IRW-.IE vI 3')':,.') 

556 QUISPAMSIS vI G02CJ 

558 GONOOIA ronIT vI 307S 
601 HOPEWELL par 700 
603 RIVERSIDE-AlBERT vI 48CJ 
604 HARVEY par 470 
606 AIl1A vl 325 
608 ELGIN par 28(J 

611 HI ILS OORCUGH par ]450 
614 ŒYVERDAIE par 30GO 
620 RIVERVIEW t 14'J0· ... 

625 HIILSOOROUGH vl 125c.:. 
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'lyPe of 

Municipality Municipality Population 
Code 

701 WES'IMORINID par 1090 
702 roRI' ELGlli vI 515 
704 roISFORD par 2965 
707 CAP-PEIE vI 2175 
708 SACKVILlE par 1160 
709 SACKVILlE t 5645 
711 IXJRCHESTER par 4765 
712 IXJROfESTER vI 1110 
713 SAnrr-JOSEPH vl 640 
716 SHEDIAC par 7520 
719 MONCTON par 6260 
722 MOnCWN c 54735 
724 SALIS EVRY par 3160 
728 SAUSPVRY vI 1680 
729 PETITCODIAC vl 1400 
745 DIEPPE t 8520 
752 SHEDIAC t 4280 
801 r::uNDAS par 5475 
804 WEILINGIDN par 3585 
805 BJCTOUŒŒ vI 2475 
806 SAINT MARY par 2040 
807 SAINT-AN'ronŒ vl 1230 
808 SAINT-PAUL par 1070 
811 HARCDURT par 560 
814 WELDFDRD par 2535 
B16 Rl OU BUCID par 1910 
817 REX1DN vl 925 
818 RIOUBUClD vi 1720 
819 SAINT œAR.LF.S par 1895 
821 SAINT-lOUIS par 1935 
B~:2 SAINI'-LOUIS-DE - KENT vI 1165 
82·1 AO\DIEVI liE par 1050 
8;)(; CAmEroN par 1190 
'lO l l li \HfJ.JI ŒE par 2695 
l)l) 1 GIDf[LG par 2040 
')U( , OiNI1lAM par 3740 
C)(l ! llX::;CIEVI ILE vI 790 
'JO:, a fA 'l1lA."'1 t 6775 
(JlI DEEl"W par 1190 
~)1·1 NELSON par 1065 
9Ei NEL..SON-MIRAMI Œil vI 1440 
910 RCGERSVIilE par 1480 
917 RCGERSVIilE vI 1240 
918 BLACINIll.E par 2465 
(n') BLAO-VIll.E vi 885 
q,~ l BLISSFIELD par 725 
t)22 OOM"R1VN vI 1005 
9~'Î WDLOW par 1850 



.' J') 

1 
Type of 

Municipality Municipal i ty Population 
Code 

926 SCUIHESK par 1930 
928 NORIHE'SK par 3415 
931 NEWCASTlE par 291~ 

932 NEWCASTI..E t 6250 
933 D:XJGI.AS'IDWN vl 1075 
936 AI.NWICK par 7]65 
938 NmJAC vi 17SS 

1001 NEW MARYlAND par 4100 
1004 MANNERS SUI'IDN par 16B5 
1005 HARVEY vi 355 
1006 MCADAM vi I8GO 
1007 MCADAM par 100 
1008 NORTH LAKE par 290 
1011 CANI'ERBURY par 655 
1012 CANI'ERBURY vI 470 
1013 MEOOcrIC vI 26S 
1014 I:XJMFRIES par 415 
1016 PR.1NCE WILLIAM par 775 

1018 KINGSCLEAR par 3135 
1021 QUIDJSEURY par 1095 
1024 samIAMPION par 1750 
1025 MI Il.NILIE vI 300 
1026 BRIGHT par 2'jOO 
1028 [XJUGlAS par 4070 
1031 SAlliT MARYS par 2785 
1032 FREDERICIDN c 43715 
1036 STANlEY par 2115 
1037 STANlEY vi 435 
1054 NACKAWIC t 1350 
1101 RIŒMOND par 1125 
1104 WOOœTCCK par IT3S 

1106 WOOœTCCK t 4GJ'':> 
1108 NORlliAMPTON par 1120 

1111 BRIGHTON par lIi45 
1112 HARI'INlD t 85:; 

1114 ~-.JAKEFIEID par 2370 
1118 WIlIDI' par 1170 

1119 CENTREVILlE vi ':!75 

1121 SIMJNL6 par 525 
1123 FLDRENCEVILL vl 705 
1124 PEEL par 1195 
1126 ABERDEEN par 1250 
1128 KENT par 23G:' 
1129 BRISIDL vl 825 
1130 BATH vl 780 
1131 WICKI..DW par 1760 
1201 ANCOVER par 1035 
1202 ARCX)S'IOOK vi 405 
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Type of 

Municipal ity Municipali ty Population 
Cede 

1204 PERm par 1705 
1206 PERm-ANOOVER vI 1870 
1208 GOROON par 1805 
1209 PIASTER RCX:K vI 1220 
1211 IDRNE par 715 
1214 DENMARK par 1760 
1216 GRNID FALLS par 1210 
1219 GRAt ID FALLS t 6205 
1221 DRUMOOND par 2030 
1223 DRUMIDND vI 845 
1301 SAINT-ANDRE par 1625 
1303 ST. ANDRE vI 380 
1304 SAlNI'-IEONARD par 925 
1306 SAlNI' IEONARŒ t 1575 
1308 NarRE-Dl\ME-Di\ME-DE-LOORDES par 545 
1311 SAD.JTE-ANNE par 1245 
1312 SAINTE-ANNE-DE-MADA\'lASKA vI 1340 
1314 RIVIERE-VERTI:: vI 1045 
1315 RIVIERE-VERTr:: par 820 
1318 8i\INTE-Pl>S 1 LE par 580 
1319 SAINrE-BAS ILE vI 3225 
132~ SAINT-JOSr::FH par 1440 
1324 ST. JACÇUES par 1340 
1326 SAINT-J AC'Ç!UES vI 2305 
1328 MADA\'lJ\SKA par 810 
1329 E!1'1UNSIDN c 12030 
1332 SAINT-IUIAIRE par 455 
1331 ST. HllAIHE vI 255 
11 )·1 BAKER J3RCX)K par 490 
1335 BAKER BlmK vI 520 
13J(, IAC BAKrn par 375 
1337 LAC BI\l\ER vI 270 
1] lB CIAII{ par 275 
1339 CIAIR vI 915 
1'311 S,\INT-FRANCOIS par 865 
1 J .1:' SA TNT-ITh\NCO IS-DE -MADA\oJASKA vI 745 
Ilot CURHAM par 2645 
1·102 JACQUETRIVER vI 780 
]·103 COLBJRNE par 390 
1·10·) alARlD vI 1610 
1401) PALMORAL par 725 
l·lOb BAlMORAL vI 1825 
l·iO~l Dl\IHOUSIE par 3405 
1409 DAlliOUSIE t 4970 
1·\ Il EEL FlIVER ~~SSING vI 1445 
1·112 ADDINGIDN par 3035 

.., l·nJ A'I110LVlUE vI 1675 
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Type of 

Municipality Municipali ty fupulation 
Code 

1414 CAMPBEU.:ION c 9810 
1415 TIDE HEAD vI 955 
1416 EIroN par 1290 
1418 GRIMMER par 1055 
1419 I<EI:GWICK vI 1210 
1421 SAINT-çuENTIN par 1430 
1422 SAINI'-çuENTIN vI 233') 
1501 SAUMAREZ par 8';PJ 
1504 TRACADIE t 2·14~ 

1506 ALIARDVII1.E par 3080 
1508 BATHURST par 4910 
1511 BATHURST c 15710 
1512 BERESFORD par 5785 
1513 FOINTE-VERIE vI 13]'J 
1514 PEITT-ROCHER vi 185') 
1515 BERESFORD vi ]6·1'3 
1516 NEW BANlX)N par 3660 
1519 PAepEIVII1.E par 2910 
1520 PAepEIVII1.E vI 620 
1521 SAINI'-ISICORE par 2525 
1524 INKERMAN par 4450 
1526 CARAQUEI' par 1775 

,0. 
1527 Bi\S-cARAÇUET vi 18GO 
1528 CARAQUEI' t 412S 
1529 SHIPPAGAN par 8i)]S 

1531 SHIPPAGAN t 24BO 
1532 IAMEQUE vi lSG'j 
1534 BELIEIXJtJE vi 700 
1536 BERI'RAND vi 12BO 
1537 NIGAJXX) vi loa') 
1538 GRANDE ANSE vi 815 

(1) par is parish; t is town; vI is village; c is city 
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ApperxUx VI 

Reccrling of Indian Reservation Nt.unerators & D:mominators by SGC (1) 

Origiml SGC Reservation 
1981 

Population 
f.1erged 

Into SGC 

0381 
0881 
0882 
0883 
0981 
0982 
0983 
0'J84 
0986 
0987 
1081 
1082 
1083 
1181 
1281 
1381 
1481 
1'J31 

Onnocto 26 115 
Buctouche 16 95 
Richibucto 15, Big Cove 965 
Indian Island 28 60 
Red Bank 4 205 
Red B1nk 7 0 
Big Hele Tract 8 45 
Eel GrOlllld 2 295 
Burnt Q1Urch 14 635 
Tabustinac 9 0 
Kingsclear 6 260 
Cevon 30 355 
st. Mary's 24 0 
Wcx:xlstOCK 23 170 
Tobique 20 455 
st. Basile 10 0 
Eel River 3 190 
Pabineau 11 40 

(1) Standzuù geographic.::Ü Cede 

0313 
0803 
0815 
0820 
0923 
0925 
09J4 
0935 
0944 
0947 
1019 
1034 
1035 
1104 
1207 
1320 
1410 
1510 

IJute: Fort FoUy (SGCSl: 0714) is not included because it was created only 
in 1980; no population was reported for this SGC in 1981. 

~;Ullrcc: statistics canada (1969-73) 
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Appendix VII 

Sacio-Oemographic Information for the 

New Brunswick Population 

Table A7. l gives the population by census distTll't 

wi thin New Brunswick for the past 3 deccnniLl1 ccnsusc~;, 

" J l) 

Most counties showed consistent growth <lcro~~~; thc~:;(' pL'r l Lllb, 

Major geagraphical shifts in the populat 10n would 

necessarily reduce the validity of the expo~;un' L,~;til11,Jtt"'. 

Major shifts wauld also imply possible chLlnqL'~:; in tho 

dernographic and exposure characteristics of tho~~c 

populations affected. These in turn would rcducc the 

credibil ity of characteris ing municipa l itics on the b,I', 1 ~'. 01 

1981 data. Table A7.1 can only suggest th,lt impot'L1rll: 

fea tures affect ing cancer r isk may have accu t'rcd. 

Table A7. 2 contains the distribution of the Ne'.v 

BrunsHick popul ation by sex and age group. Thc aqc CJ rallp'; 

indicated are those used for calculating e>:pcctcd V,l Luc~~ fur 

the data analysis. A more detailed breakdown 01 the 

population is available only on speciùl rcquo~t j rom 

Statistics Canada. 

The New Brunswick popu lation incl udcs t\/o m.l j 0 r 

cul tural groups: for convenlence, these are desiqnat0d by 

their predominant language as Eng l ish anù French. 

Approximately 33% of the New Brunswick Popu lat lOn rOfJort(" l 

tl1eir mother tangue as French and only 1. ]'~ reportr>d the' J r 

mother tangue to be other than French or F:nrJll~.h [~;t.lt'. 

Canada E-562,1982]. These t'lia populéition'..; md'l 'Jarl ",ith 

respect to lifestyle, and do vary ln tc:! rom:; 0 t lh(' i r 

geographic distributlon withln the provlncC!. 

The French population within Ne'lI Brun~;,tlic}: 1s COll­

centrated along the east coast and with ln the northern 

regions of the province. Among the predominantly French 

municipalities, 78.6% of the population lives in rural <lrr~d:. 

compared ta 42.2% population of predominantl y Engl ish 

municipalities (Table A7. 3) . 
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Table A7.1 New BrunswIck Population by County for Cens us Years 1951, 1961, 1971, 1981 

Percent of Total Populûtl" ,,.lersum.) 

1951 1961 1971 

County 

Ent 1 re Pr OVlnce 100.0% (515697) 100.0r. (597936) 100.0% (634557) 

Al!;", t 1.9% (9910) 2.1% (12485) 2.6% (16307) 

C~I leton 4.3% (22269) 3.9% (23507) 3.8% (24428) 

Ch~r 1 Dt te 4.9% (25136) 3.9% (23285) 3.9% (24551) 

Gloudw' ter 11.1% (57489) 11.1% (66343) ".8% (74752) 

Kent 5.2% (26767) 4.5% (26667) 3.9% (24901) 

KIng', 4.4% (22467> 4.3% (25908) 5.2% (33285) 

M"d.II ....... ka 6. r/" ( 34329) 6.5% (38983) 5.5% (34976) 

NOl thunbcrl and 8.3% (42994) 8.47. (50035) 8.1% (51561) 

alJl"en'~ 2.6% ( 13206) 1.9% (11640) 2.0% (12486) 

Re', t 1 'louc he 7 O~. (36212) 6.9% (40973) 6.5% (41289) 

S,lInt John 14 4% ( 74497) 14.9% (89251) 14.5% (92162) 

SIJfll'lJry 1.8% (9322) 3 8% (22796) 3.4% (21268) 

'Ill tOI 1,-\ 3.6% (18541 ) 3.3% (19712) 3.1% (19796) 

\.I,".UII.11 land 15.5% (80012) 15.7"1. (93679) 15.5% (98669) 

Y." ~ 83% (42546 ) 8.8% (52672) 10.1% (64126) 

SOlJl cc .... 1951: 9th Ccn~u~ of Canada 1951; Ottawa, Jan 3D, 1953 

19b1' Ccnsus of Canada Vol.l Part 1; PopulatIon; Ottawa March 29, 1963 

1971: Statistlc~ Canada Catalogue Il 92-704 Vot. 1 Part 1 Sept. 1972 

1981 

100.0% (696225) 

3.4% (23615) 

3.5'1, (24635) 

3.8% (26550) 

12.4% (86165) 

4.4% (30760) 

7.4% (51180) 

5.2% (36395) 

7.8% (54090) 

1.8% (12405) 

5.8% (40590) 

12.4% (86135) 

3.0% (21060) 

3. O~; (20805) 

15.5% (107620) 

10.7'1. (74220) 

19111: Extractcd for thesls from Statlstlcs Canada Catalogue # E-S62 Ottawa 

Augu-;t 19B2 
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Table A7.2 1981 New BrL61swlck Population by Sel< and Age Group 

1 
PopulatIon (%) 

Total Hales Fcmalcs 

Total 696225 (100.0%) 345785 (100.0%) 350440 (100.0'1,) 

o Up ta 5 53030 (7.6%) 27140 (7.8%) 251)90 (7 4%) 

5 Up ta 10 58485 (8.4%) 29900 (8.6%) 28585 (8 2%) 

10 Up ta 15 62040 (8.9%) 31905 (9.2%) 30135 (8.6;;) 

15Upto20 72145 (10.4%) 36905 (10. r-,) 35240 (10 1';;) 

20 Up to 25 64460 (9.3%) 32285 (9.3%) 32175 (9.2%) 

25 Up ta 35 116420 (16.7"1.) 57990 (16.8%) 58430 (16.7"1.) 

35 Up to 45 77445 (11.1%) 39360 (11.4%) 38085 ( 10.9'1.) 

45 Up ta 55 62500 (9.0%) 30860 (8.9%) 3161.0 (90%) 

55 Up to 65 59225 (8.5%) 28480 (8.2%) 30745 (8 Bio) 

65 Up to 70 24735 (3.6%) 11785 (3.4%) 12950 (3.7"1.) 

70 & up 45740 (6.6%) 19175 (5.5%) 26565 (l6%) 

Source: 1981 Census [Stats Canada E-S62, 1982J 
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Table A7.3 1981 New 8n.r'l~wlck pOp.llatloo by Urban/Rural ResIdence and language (1) 

POp.llû·lon MUnlClpall tles 

Wi th Pre J"ce of (persans) 

AIL MUntClpal\tles French Engllsh 

Urb"n/Rural Re,ldence 

Total 100.0% (696225) 100.0% (196910) 100.0% (499315) 

P,Jr l,hc'., Town" or V 1 Ililge~ 52.5% (365440) 78.6% (154680) 4Z .Z% (210760) 

Lp','. Th,m 2500 

1 uwn', 0 r VIL l age, Greater 16.4% (114265) 15. 3~~ (30Z00) 16 .8~: (8.\065) 

rh.Jn (SOD 

C \ t "'" 31.1% (216520) 6.1% (12030) 41.0% (Z04490) 

(1) Mothcr tangue French or Engll~h greater than 50% of the 1l1Jnlclpal pop.Jlatlon 

SOU/ Cr> l ';a 1 Ccn<.,us (Stat~ Canada E-574,1983J 
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Undefined and unmeasured lifestyle factors rn.:1y inct"t',\"l' 

or decrease cancer risk wi thin the French popu l\\ t 1. ~)n rel ,\t i \'1' 

to the English. The coastal location c ~ t. 'n,' l " . t lel:h'nt ,; 1 :', 

probabl y correlated wi th low spray expc ~"'url L11ld the 1 r 1 U 1·.1 1 

nature impl ies a decreased cancer r isk. 1\.: l'OX 1111<\ tl' 1 Y 1 ) 

(N=68,620) of the New Brunswick populat .on 1") yCCH"S 01' U\'l'I 

has attended or is now at un1versity, anJ JI F,"> or .1[)(1Ut l', 

of these have obtained a degree. It is CVlc!,'nt tram 'l'.lhl.' 

A 7 .4 that a higher proport ion of persan:; h;1'.' 111<J ,\ t tl >ndl>' 1 

univers i ty are si tuated w i thin ci tles th,ln 1 Il mun:, nll" 1 

areas. According to Table A7.5, rnunicipi11itiL)~; in Whll'i1 th"I" 

are large nurnbers of French also tend ta \l.lVl' :.11\.1 1] cr IlUI1li,,', , 

of persons who have attended university. 1111<111y, 

predorninantly French an~as within the prov 1 nL'C' h,1vc hlqtll'I 

proportions of persons wi th law-incorne tlh\n rn>dOI11I noir t \ Y 

Engl1sh areas (Table A7.6). Table A7.7 sho\-/:, 01 clcdr PI)';lt IV' 

correlation between incorne and educatlondl atto\ i nrncnt. J r \l' ( ) Ill' . 

distribution and urban/rural residence tire aL;o correIoltf'r1. 1\ 

higher proport ion of lml- incarne 15 present in ni rCll ,ln',j:, 

(Table A7.8). 

The plcture that er.1erges from thesc t.:1bJf"; 1:; Uldt fI(", 

Bruns'.-J ick the re appears to j ncl ude two LII r 1 y cll:; t 1 net 

populations. The French liv(l in more rural .:1r(~,l:~, Llrt! \. 

well-educated 1 and have lower l.ncomes on i)vcr,vj<.! thdIl tll' Il 

English counterparts. 

Table A 7 .9 shows tha t larger proport l on!~ 0 t pop!ll d t 1 (,fI', 

within tOvlnS and vl.llages and cities rniqrdtc ttldn 

populatic:1S in rurLll areas. f1igrùtion l'~ IUI/('r Wltltlll 

predominantly French municipalities reliltl'lc tu I:nq! J':h 

rnunicipalities (Table A7.10). MigratIon is also pO~ltl~011 

associated wi th percent who attencJed un i vers l t ir!s ('l'db J (. 

A7.11) and migration is highest where the incuJr~nce of l'J',I 

income i s lowest (Table A 7.12) . 



T"ble A7.4 1?81 New BrunswIck PopulatIon 15 Years and OVer by Educatlonal AttalrVnent (1) 

Quart Iles (2) and Urban/Rural Res Idence 

foucat lonal Attalnl1'('nt 

QuartIle (3) 

Tû! .Ji (10.1) 

U'1" t 11(' 2 ( 7 5) 

OUoI f t Ile 4 (113 O) 

Percent of Total PopulatIon 15 Year' ;rd Over ln (persans) 

Parlshes, Towns cr Village', 

CI tl es 

Ali Munlclpalltles Less Than 2500 Greater Than 2500 

100.0r. (522670) 100.0% (266825) 100.0% (84860) lOO. 0% (170985) 

14 2% (74195) 27.8% (74195) 0.0% (0) 0.0% (0) 

16 Sr. (86130) 31.3% (83465) 0.0% (0) 

15.6% (81485) 27.3% (72720) 10.3% (8765) 

55 7"1. (2e0860) 13.n: (36445) 86.5% (73430) 100. 0% (170985) 

(1) Prol"f lion of pcrôon~ who attended unlversl ty ln the total pcpulatlon 15 or alder 

(2) C.llrtJl.ltcd by rCln'lng vi1llle~ and e~tJbll"hlng cla"s bourdarlcs 

to pr OVlue 25;~ of the munlc lpilll t le<; ln eëlch of 4 cl asses 

(3) M",JI' "'!1' P"f 100 per~on~ wllhln each qUëlrt:te 
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Table A7.5 1981 New Bn.ll1SWlck POp.JlatlOl1 15 Years and Over by Educatlonal Att;Jml"'fl! (1) 

QuartIles (2) and Language (3) 

PopulatIon 15 Years and Over ln MlJlIClp.ll 1 t Il'', 

1./1 th Large Proport Ion" of (pl" "0" .. ) 

A Il MUni C 1 palU 1 es French [II'1II'.h 

Educatlonal Attalnment 

QuartIles (4) 

----~~---

Total (10.1) 100.0% (522670) 100.0:' (144315) 100.0:' (311B',S) 

Quart Ile 1 ( 4.4) 14.2% (4195) 24.5% (35335) 10.5"; <5!\!\W) 

Ouartlle 2 ( 7.5) 16.5% (86130) 30.3:: (43795) 11.2% (1.:'15',) 

Ouart 11 e 3 (10.4) 15.6:: (81485) 18 2" " (26505 ) 14.6:; ()',1'\() 

Ouartlle4 (18.0) 53 . n (280860) 26 9% (38380) 64 .0% (241 rmO) 

(l, Proportion of persons who attended university ln the total population 15 or old"r 

(2) Calculated by ranKlng values and establlshlng cla~~ boundarle ... 

to provlde 251. of the munlClpillitles ln each of 4 closses 

(3) Mother tongue French or Engllsh gre3ter than 50% of the fIU1lC lpal population 

(4) MCiln rate per 100 persons IOlthln each quarttle 

Source: 1981 Cens us [Stats Canada E·S74.19831 

~ .. ', 
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Tilble A7.6 1981 New Brunswick Population by Incidence of Low-Incane (1) QuartiLes (2) 

and Language (3) 

Population ln Munlclpalltles 

\Jlth large Proportlons of (persons) 

A II Mun lei pa lit 1 es French Eng II sh 

Incidence of low IncolIlC 

Qu;:;r t Ile~ (4 ) 

T {,t u 1 (18 1) 100.0% (696225) 100.0% (196910) 100.0% (499315) 

QU.1f t Ile ( 8 9) 19 1% (132840) 13.4% (26395) 21.3% ( 106445) 

Q'j.1I t Il (' 2 (15.0) 26 4% (183920) 33.n, (66295 ) 23.6:: (117625) 

QU.H t Ile :3 (19 7) 41.?% (283660) 25.1" (49375) 47 9~: (2392e5 ) 

Qu.1I t Ill' t. (28 8) 13 . 0:: (90805) 27.9" (54845) 7.2% (35960) 

(1) hf'l'ndl ture,> for food, cloth 1 ng, and shel ter excced the avcrilge Level for the rcgl0n of 

r'''.ld,'nce by .1t leaq 20;: 

(2) C.dculated by r.mklng value,> and establlshlng class bourdarles 

to provldl' 2~ï. of the munlClpal1tI(,~ ln each of 4 classes 

(3) Moth,'r tonqul' French or Engll ~h greatcr than 50:: of IT1Ullclpal populùt Ion 

(1.) M",1f) r.Hl' per 100 per"on" ... !thln eneh quartile 

'""" Ll' l'iIll C"(hl)', [St;\t, Can;\d3 E-574,1983J 
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Table A7.7 1981 New Brll'1swick Population 15 and OVer and NU1ÎJer of Persans by IncIdence 

of Law-Income (1) Quartiles (2) and Educational Attamnel1t (3) Qunrtllcs(2) 

Incidence of Low-Income 

Quarti les (4) 

Total (18.1 ) 

Quarti le 1 ( 8.9) 

Quartile 2 (15.0) 

QuartIle 3 (19.7) 

Quarti le 4 (28.8) 

Percent of Total PopulatIon 15 YearS and Over 

~ithin Educatlonal Attairm:mt (persons) 

Quartile 1 Quarti le 2 QuartIle 3 Quart Ile 4 

100.0X (74195) 100.0X (86130) 100.0X (81485) 100.0X (280860) 

13.2X (9815) 14.1X (12120) 27.4X (22350) 18.4X (51750) 

21.3" (1583S) 34.1X (29335) 39.5X (32215) 21.8% (61145) 

23.9" (1mS) 32.0X (27535) 24.2" (19695) 56. IX (157425) 

41.5" (30810) 19.9% (17140) 8.9" (7225) 3.8X (10540) 

(1) Expenditures for food, clothlng, and shelter exceeds the average level for the 

region of residence by at least 20ro 

(2) Calculated by ranking values and establl!>hlJ19 class boundaries 

ta pravide 25% of the I1lU'1IC Ipallt les ln each of 4 classes 

(3) Proportion of persons who attended lI'llverslty in the total populatIon 15 or aider 

(4) Mean rate per 100 persons withln each quartile 

Source: 1981 Census [Stats Cannda E -574,19831 
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T "bIt: Al.a 1981 New Brun~wlck POp.Jlatlon by IncIdence of Law·lncome (1) Quartl les (2) 

Dnd Urban/Rurnl ResIdence 

Perc('ot of Total PopulatIon 15 Years <lnd Over ln (persons) 

ParI shes, lowns or VII [ages 

Cl t 1 es 

ALI MUnlClpal1tles L ess Than 2500 Grea ter Than 2500 

1 ne. Idlnce of Low- Inco",e 

Ou,n t 1 le (3) 

--------

Tut,1l (113.1) 100.01: (696225) 100.0% (365440) 100.0;; (114265) 100.0% (216520) 

QU,II nIe 1 ( 13.9) 19 1~: ( 132840) 23.7"1. (86670) 40.4% (46170) o. O~~ (0) 

Qu,unIe? (15.0) 26 4% ( 183920) 296% (108310) 27.9"1. (31895) 20.2% (43715) 

Ou,,, t 1 1,-, 3 (1? 7) 41 5:: (83660) 24 4:: (89250) 23.3:: (20605) 79 8~~ (l72e05 ) 

Qu." t 1 II' 4 (23.5) 13 0:: (90805) 22 2". (81210) 13.4:; (9595) o O~~ (0) 

-- --------

(1) E 'f"'ndl turc'. f"r 10od, clothlng, and shC'l ter cxcccd the averagc level for the reglon of 

r l",ld,'ncc by at ICil·,t 20:; 

(!) C.IlCUloltpd by r,mklng v.,luc~ and establlshlng class boundarles 

t\' prOVlde 2'):: of the munlclpalltles ln each of 4 classes 

(3) M.-..lll rate pcr 100 per'ion~ 011 thl n each quartile 

S,'IJJ, " 19i11 C"""u, rSt,1t., Canada E-57~.19B31 
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Table A7.9 1981 New BrunswIck PopulatIon by MIgratIon (1) QuartIles (2) ~nd Urb.ln/Rur,ll 

ResIdence 

Percent of Total PopulatIOn ln (pl'r"on ... ) 

Parlshes, Town~ or VIIIJql'''' CI t Il' ... 

Migration 

QuartIle (3) 

Totill (15.4) 

QULlrtlle 1 ( 7.5) 

QULlrtlle 2 (12.1> 

QULlrt il e 3 (16.6) 

QuartIle 4 (25.3) 

All Munlclpal1tICS Less Than 2500 GrC.lter Th,11l 2',llù 

100 0:: (696225) 100.0% (365440) 100 .O"~ (II, • .'!,',) 

16,2% (1'2800) 28.6% (104440) 7.3~ (Il'lbl) 

30.2% (210450) 30.6% (11 1695) 5.4% (6~0') ) 

34.7'): (241575) 20 rI. (75620) 36. 7"; (1."11'.'; ) 

la.9"1. (131400) 20 2% (73685) 50.5;, (SllPJ) 

HILl U' 

on. 

''-2 1 •• 

, . 
; 1 \ , 

U f): 

(1) persons ll\'1ng ln a dlfferent d .. elllng ln 1981 fran the one th .. y OIlUpl"j III "1/1, 

(2) quartIles were calculate<l by rimKlng \fùtue,> ùrd e,tilbll',hlng (\.1','. b%I'<1" 1 1", 

to pro\flde about 25% of the munlClpalltlC'> ln each of 4 clil"'., , 

(3) mean rate per 100 persons 

Source: 1981 Cens us [Stats Canada E'574,1983J 

( ... ' 1 t,l" \) 

(II) 

«(),\t,t,i) } 

( 1.' SI," 1) 

(II) 

, " 
L •• 



1 
Tdblf' Al.10 1981 New BrunswIck PopulatIon by MigratIon (1) Quartiles (2) ard Language (3) 

Population ln Munlclpalltles 

\.Ilth Large ProportIons of (persons) 

All Munlclpallties French Engllsh 

MIgratIon 

Ou." t Ile~ (4) 

T vt.d (15 4) 100.0:: (696225) 100.0% (196910) 100.0~; (499315) 

Ouar t Ile ( 7 5) 16. 2% (1 1 2800 ) 30.4% (59825) la .6% (52975) 

Qu." t Ile 2 (12.1 ) 30.2:' (210450) 40.0;' (78695) 26.4% (131755) 

Ou.H tlle 3 (166) 34.7% (<'41575) 20.9:: (41120) 40.1% (200455) 

QIl." t Ile 4 (25 3) 18.9"1. (131400) 8 B:' (17270) 22.9:' (114130) 

CI) p"r·,on·, lIVIng ln a d1fferent dllelllng ln 1981 fran the one they oCCUpled ln 1976 

(~) qU.lr'tllc' ... cre cillculated by ran'lng villucs ilrd establlshlng class !:xJundilrles 

to provlde about 25% of the munlclpall tiCS ln eilch of 4 classes 

(1) ntuthef tangue French or Engll~h greater than 50% of munIcIpal populatIon 

(1.) me,ln rilte per 100 pCI ,>on" 

SVIJI (l' 19131 Cen',u,> [Stat,> Cilnildil (·574,19831 
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1 
Table A7.l1 1981 New Brunswick Population 15 and Over and NlITber of Per"on .. by Mlgratl"" (1) 

Quart 1 les (2) and Educat 1 ona lAtta lI'Vrent (3) Quart Iles (2) 

Percent of Total Population 15 Year ... md 0'<'1 \.II th", 

Educat lonal AttaHlment (per!.on .. ) 

Quartl le 1 Quart 1 le 2 Qlklrtlle 3 Quart Ile l, 

Migration 

Quart 1 les (4) 

Total (15.4) 100.0% (74195) 100.0% (86130) 100.0% (8148'i) Ion O~, (..'nm't,ll) 

Quartl le 1 ( 7.5) 51.8% (38455) 25.6% (22045) 22.0"1, (17925) 2":, ( 10',,'11) 

Cuartlle 2 (12.1) 27.0% (20060 ) 34.7"1. (29915) 32.0% (26090) n l'/~ (B3·.P/, ) 

Quart 1 le 3 (16.6) 11.0% (8125) 29.2% (25180) 17 8'Y. (14470) I.e}. 3'i~ (1 )~~I)!;J \ ) 

Quartl le 4 (25.3) 10.2% (7555) 10.4;; (8990) 28.2% (23000) 1'1.n ()S51~) 

(1) persans living ln a dlfferent dlolclling ln 1981 from the one they occllpled ln 1'1/6 

(2) quart 1 les were calculated by ranklng vëllue~ and establl~hlng cla ...... bound.II 11.", 

ta provide about 25% of the total ln each of 4 cla'ise~ 

(3) proportion of persans who attcnded university ln the total p:lpulëltlon 15 or olu. r 

(4) mean rate pcr 100 pcr<o~~ 

Source: 1981 Census [Stats Canada E-574,1983J 

1 
.. 11.,1 



1 
Table M.1Z 1981 New Brunswick Population by Incidence of Low Incooe Cl) Quartiles (2) 

and Migration (3) Quartiles (2) 

Perc~nt of Total Population Wlthin Migration (~rsons) 

Quart Ile 1 Quartile 2 Quartile 3 Quart Ile 4 

(nt 1 df'nce of LOI/· (ncome 

Quartiles (4) 

T (Jt.,t (lB. 1) 100.O:~ (112800) 100.D:: (210450) 100.0% (241575) 100.0% (131400) 

OU.II t Ile 1 ( 8.9) 12.3% (13850) lO.?'}; (224(0) 12.0% (29000> 51.4% (67550) 

Quar t 1 te 2 (15 0) 16 .6~: (18735) 18.4% (38665) 39.4% (95070) 23.9% (31450) 

Qu.lItlle 3 (19.7) 35.9% (40445 ) 55.9% (1 17595) 45.5% (109920) 15.8% (20700) 

QU.lr tlle 4 (28 8) 35 3% (39770) 15.1% (31750) 3.1% (7585) 8.9% (11700) 

(1) e)(plèlldl ture., for food, clothlng. und ~hel ter exceeds the average level for the reglon 

of rC~ldcnce by ilt leil~t 20;; 

(.'> qu,utiles .. cre c<llculated by ranklng values and establ15hlng cla5s boundarlCs 

to pro'ndc about 25% of the total ln each of 4 classes 

(3) pcr',on~ liVing ln a dJffcrcnt dwelling ln 1981 from the one they OCCUPled ln 1976 

(4) mC<ln rilte pcr 100 per~on'i 

SeilH' L'. 1981 Cen~u<, (St<lt., Canada E-574.1983J 
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Appendix VIII 

Global site Classification categories 
Based Solely on Topographie Cedes 

site catego~ ICD-8/ICD-9 

Bladder, Kidney, and other Urinary Organs 188-189 

Breast 174-175 

Endocrine 193 
19·1 

Eye l()ü 

Fernale Genital (incl. uterusjunspecified) 179-18 i 
23·1 

Gallbladder 156 

Ill-Defined cancer lSB 
159 

FJ5-1 'J'J 

Intestine (srnall and large) 152 
153 

Larynx 1() l 

Liver 15".> 

Male Genital (inel. prostate) 18") 
18G 
187 

"outh and Pharynx 140 
Hl 

14'3-14') 
l1i (, 
14 i~ 
14'J 

Nasal, Middle Ear, Sinuses, Nasopharynx 147 
1GO 

Oesophagus 1::;0 

Panereas lS7 

Count-

J l \ 

')I).l 

'l< , 
·1 

Il 

\1,11 

)" , , 

,1 
l ') 

l·L' 

'1 

l," 
J. " 

1):: 

1" . " 
i) ,1.' 

, 
) 

(". , 
1.' 
.'( 

l,' 
; 

1 r J 

11 

',' ,'. 

1 r, , 
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i site category ICD-8/ICD-9 COlU1t 

Rectum, RS Junctian and Anus 154 259 

pf..·.3piréltory and Intrathoracic Organs 162-165 657 

S<:ll i VLlty Glands 142 18 

S}:in (mclanaUc and ather) 172 35 
173 1713 

StomLlch 151 267 

, 
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