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ABSTRACT

The human health risk associated with exposure to
pesticide formulations applied to New Brunswick forest.s was
examined for 31 sites of cancer, using measures of exposure
based on the proximity of non-city population centers to

spray areas.

Twe organochlorine and two organophosphate exposure
indices were developed by using maps of areas sprayed cach
year during the period 1952 to 1976. These data were
analyzed in relation to cancer incidence rates during the

period 1977-1980 for 254 New Brunswick municipalities.

Follow-up case-control studies of the cancer siter
considered does not seem to be a matter of high priority at
present. However, continued surveillance and data analysi-
invelving more recent data is needed, particularly in the
case of organophosphate formulations, due to the relatively
short interval between exposure and outcome ascertainment

for this exposure.
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RESUME

Le risque pour la santé humaine associe a 1'exposition
a des formules de pesticides repandus dans les foréts du
Nouveau-Brunswick a eteé examiné pour 31 cancers différents,
cecl en utilisant des mesures d'exposition developpées selon

la proximite des populations rurales aux zones aspergees.

Quatres indices dfexposition ont eté developpes en
utilisant les cartes des regions aspergées de 1952 a 1976,
deux indices ayant cete developpes pour les organochlores et
deux autres pour les organophosphates. Les donnees
recueillies ont ete analysees en fonction des taux
d'incidence de cancer de 254 municipalites du Nouveau-—

Brunswick etablis pour la periode de 1977 a 1980.

Les etudes cas/temoins des cancers etudies ne semblent
pas ¢tre une yrande priorite presencement. Toutefolis, une
surveillance continue ainsi que l'analyse de donnees plus
recentes sont necessaires, particulierement en ce qui
concerne les formules organophosphates compte tenu de
l'intervalle relativement court entre le moment de
l'exposition et de la determination objective de son
resul tat.
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CHAPTER 1

INTRODUCTION

The long-term health effects of pesticides sprayed on
forests in New Brunswick have never been studied adequately.
To do so requires: a) the assembly, validation, and linkage
of many disparate pieces of information from the fields ot
biology, physics, toxicology, and epidemiology, b) the
development of measures of both exposure and outcome, and <)
an appropriate statistical method of analysis.

This study contributes to the understanding of
pesticide effects on human cancer risks through its
development of appropriate exposure indices and their use to
estimate cancer risk. The results should contribute
constructively to the ongoing debate surrounding the hazard
to health posed by the New Brunswick spruce budworm spray
programme.

The spray programme is complex, in part due to the many
changes over time in the substances used and the method of
application. These changes have had a substantial impact on
the degree of population exposure. The effects of these
technological changes, compounded by increasing health
concerns, have played an important role in shaping the
history of the spray programme.

Chapter II begins with a brief history of spruce
budworm spraying in New Brunswick. This is followed by

summary information on the environmental impact of spraying,



some 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-specific risk estimates
are provided and form 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 all of these topics, excepting epidemiology, is located
in Appendix T.

Chapter 1II contains information on the sources,
quality, and means of linkage of exposure and cancer
incidence data. This includes the definitions and
relationships 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 methods
employed in the development of separate near and medium-
distance cxposure indices for organochlorine and
organophosphate pesticide spray formulations are then
described and discussed. Outcome measure development is
then 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




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 age
standardization and the possibility of the interaction of
exposure with age and other covariates are considered along
with the appropriateness of the multiplicative model of
causality in the assessment of cancer risks related to
pesticide exposure.

Findings are presented in Chapter IV, which begins with
some general descriptive information on the New Brunswick
population and univariate descriptions of cach of the
exposure covariates examined in the study. Next,
relationships among covariates are examined in the form of a
series of bivariate distributions. A detailed description
of population exposure to spray is provided and extended to
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 sitec grouping:s
from the receipt of data tapes to the point of analysis.

The distributions of standardized incidence ratios for each
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 all tumours diagnosed as malignant
were analysed using a global grouping of cancer sites. As
the final stage of analysis, specific 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 confirmed 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 relaticnship to other
studies, their interpretation, and conclusions are contained

in Chapter V.



)

CHAPTER II

ENVIRONMENTAL, TOXICOLOGICAL, AND EPIDEMIOLOGICAL
CONSIDERATIONS

I. ENVIRONMENTAL AND TOXICOLOGICAL CONSIDERATIONS

A. Introduction

Awareness of the potential health effects of pesticides
began to materialize in New Brunswick in the middle 60's as
Rachel Carson's Silent Spring focussed scientific and public
attention on the hazards of pesticide use [Carson,1962].
Public concern over pesticide exposure in New Brunswick was
further stimulated by an extensive annual forestry spray
programme that had been initiated in 1952 as a joint venture
of four large forestry companies. It had expanded enor-
mously by the early 70's and spraying close to heavily
populated areas in the south had intensifiecd public anxiety.

In 1974, a team of medical investigators i1n Hova Scotia
linked the use of certain insecticide formulations used in
the spray programme with the occurrence of pathophysio-
logical changes in mice that were similar to those of Reye's
Syndrome in children [Crocker et al.,1974]. Reye's Syndrome
is a rare but frequently fatal childhood condition. By 1973
these investigators had also linked the geographical
distribution of cases of Reye's Syndrome to areas of foreust
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 laberatory
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
within 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
identified 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 using the new data base would be proposed for

further examination by case-control studies.



The importance of developing and maintaining indices of
population exposure to environmental substances is clearly
expressed by U. Saffiotti, a former director of the NCI

Carcinogenesis Programme:

"Tf environmental chemicals continue to be used,
because society deems them to be useful, it would at
least be important to know the pattern and extent to
which the population is exposed, in order to make
selective preventive measures easier and to provide a
basis for future monitoring and epidemiologic studies.”
[Saffiotti,1977)

B. Environmental Considerations

During the first 5 years of the programme, small slow-
flying aircraft that were used for the aerial application ot
pesticides on agricultural crops were also used to spray Neow
Brunswick forests. These planes used boom and nozzle spray
equipment and flew close to the tree tops at speeds of about
150 kilometers per hour. Although no information 15
available on the technical aspects of the programme it 1
probably safe to assume that the droplet spectrum was very
coarse by current standards. As a result of this coarseness
the off-target drift was probably small.

Recent, intensive research into off-target spray drift
has demonstrated that aircraft height above the canopy,
speed, and droplet median diameters at point of release arc
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
aqueous solutions. Secondly, the decrease in application
rates per hectare was primarily attributable to the large-
scale implementation of ultra-low-volume spray technology
and applies predominantiy to the organophosphate pericd.

The mobility, persistence, accumulation, and biological
concentration of chemicals, their isomers and degradation
products within the environment, are important features of
all environmental impact assessments. Fairly extensive
information is available for the organophosphate and
carbamate 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 I). 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



groupings that reflect the formulations that were actually
applied in time and space 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 droplets and
vapor. Although estimates vary [NRCC 18979,1982,pg.74;WHO,
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. Acrosol droplets
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 ust ” within the context of the lew
Brunswick spray programme. The first is commonly referred

to as the "worst-case scenario" approach in which it is
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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 droplets 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 all
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 calculate the time-integrated changes as the
droplets evaporate while the worst-case scenario does not
take 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-solvent decreases to 50% of its size in approximately 6
minutes [NRCC 16073,1977,pg.176].

Dermal exposure differs between models to a much lesser
degree because it is much more affected by larger droplets
whose velocities are less dramatically altered by the
process of evaporation. The worst-case scenario and the
computer model also differ slightly with respect to the

cmount of exposed skin used in their calculations. This



Table

2.1 Franklin Worst-Case Scenario and Crabbe Computer Model
Estimates of 1 Hour, Unsheltered, Spray Line Aerosol

Exposure to DDT, Fenitrothion, Aminocarb (1)

11

Spray Line Aerosol Exposure (micro gr./kg./bw.)

DDT Fenitrothion Aminocarb Aminocarb
Worst—Case Worst-Case Worst—Case Computer
Route of
Exposure
Dermal (2) 188.00 67.56 22.50 6.178
Inhalation (3) NA 0.87 0.29 0.00001
Oral NA 12.18 4.06 0.01330
Total 188.00 80.61 26.85 6.69221

(1)
(2)

(3)

all calculations based on figures from NRCC 18979,1982,px).78

assumes 75% of spray mass available rather than the less real istic

100% used in the Franklin worst—case scenario
aerosol exposure only (does not include vapour)

not available



difference ray 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 to factors such as age, sex,
amount of body fat and region of the body exposed play
important roles in 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 solvent in which 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 reliows a log

12

normal distribution up to 7.5 kilometers as predicted by the

computer model [Crabbe et al.,LTR-UA-52,1980,pg.ii]. These

results are also consistent with what is already known about
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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 spray
formulation drifts beyond 7.5 kilometers while 6% drifts
beyond this point under more turbulent conditions [Crabbe et
al.,LTR-UA~-56,1980,pg.28]. Turbulence acts to drive a
larger percentage of the smaller droplets into the forest
canopy thus preventing their off-target drift.

Droplets that drift beyond 7.5 kilometers were found to
range below 30 microns and are therefore likely to drift tor
an indefinite period of time before being removed trom the
atmosphere. Additional sampling at 22 Kilometers from the
spray line suggests that droplets become mono-dispersed at
around 5 microns in size [Crabbe et al., LTR-UA-52,1980,
pg.23]. In view of the fact that spraying has historically
taken place during periods of relative calm, the 16% value
is the most meaningful for the purposes of this study.

Neither the worst-case scenario nor the computer model
estimates produced so far include wvapor exposure. Data
collected in the field could be found only for fenitrothion;
these are contained in Table 2.2. This table is based on
data collected following a morning spray. Spraying takes
place both in the morning and in the evening to take
advantage of the calm created by temperature inversions
during these periods. Although not discussed in the

literature, a similar pattern probably exists for evening



Table 2.2 Sub-Canopy Fenitrothion Vapor Inhalation Exposure (1)
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Vapor Exposure (micro gr./kg/bw.)

Distance (meters) (2)

Spray Line - 200 300 500 700 1000 (3)

Period After Spray

(hours)

0-1 .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
Total for 10
Hour Work Day 80.982 46,927 37.802 33.501 28.788

(1) based on inhalation rate of 29 litres per minute [NRCC 18979,1982,pg.74]

for a 70 Kg person using measured sub-canopy fe.itrothion 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 multi-swath
spraying (20 swaths). Original test results are based on 1 swath only.

[LTR-UA-56,1980,pg . 27)]

(3) extrapolated by Crabbe et al. based on test data [LTR-UA-56,1980,pq9.25]



spray, except for an initial lag of several hours. Other
important features of this table include the fact that
exposure was standardized to a 70 kg. person breathing at a
rate of 29 litres per minute. This figure appears high when
compared with amounts reported elsewhere but may accurately
reflect exercise rates in exposed persons, and was used to
retain consistency with what has been reported for acrosol
inhalation in both exposure model estimates for aminocarb.
Clinical investigators associated with the Newfoundland
Medical Association used 20 liters in their estimates
[NMAC,1979,pg.31] and Crabbe et al. used 6 liters on one
occasion [Crabbe et al.,LTR-UA-56,1980,pg.1} and 10 litres
on another [Crabbe et al.,LTR-UA-65,1983,pg.i]. Finally 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 in Table 2.2 show clecar
trends. Vapor exposure decreases with distance and
increases over time as ambient temperatures in the
environment rise.

Very little DDT vapor is expected following spraying
based on calculations using a formula for estimating vapor
exposure reported in a National Research Council of Canada
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.
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IL. EPIDEMIOILOGICAL 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 uniform coverage. Given the limits
to the investigation imposed by the finite number of cases
available for analysis, it was not feasible to examine all
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-
tency and comparability. Furthermore, some cancers, such as
sarcomas, lymphomas, and leukemias, can arise in different
topographical sites though they may have the same causes. A
method of classification that used both topographic and
morphologic information was therefore developed for use in
the main 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 groupings with elevated risk estimates for
which estimates would be unavailable within the site

grouping used for this study.
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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 estimates
for cancer/pesticide associations. The periods of
observation range between 1935 and 1986, and while the
majority are from the United States, populations from many
other countries are also represented. Sixteen of the
studies used incidence data and 60% used mortality data.
This table also serves as the reference key for all
subsequent tables and citations in this section.

Two hundred and eighty eight relative risk estimates
were obtained from the 40 articles in Table 2.3 and
characterized in terms of such information as the site,
exposure, population studied (male, female, or both), number
of cases for each site, and confidence intervals. All sites
were classified using a standard format supplied by D. Wigle
of the Laboratory Centre for Disease Control, Health and
Welfare Canada (Appendix II).

Table 2.4 lists the results of the studies reviewed in
terms of negative, null, or positive relative risk estimates
cross~classified by site and population studied (male,
female, or both). Studies with relative risk point
estimates of 0.95 - 1.05 were classified as null; those less
than 0.95 were classified as negative; those greater than

1.05 as positive. A few studies only reported the direction




Table 2.3

List of Cancer/Pesticide Articles Reviewed

18

NN

- e o s o a a
NV S NN e DO

18

38

NA

Reference Place Period Type of Data

. Aloavanya et al.,1987) Sweden 1961-1979 incidence
. [Austan et al., 19871 USA NA 1ncidence
{Axc Lson et al ., 1980] Sweden 1957-1978 mortality
(Bar thel,1981] German Democratic Republic 1948-1972 mortality
[Blair et al.,1983] Florida 1965 - 1966 mortality
[Blarvr et al.,1979) Nebraska 1957- 1974 mortality
Blayr et al.,1980) USA 1968-1976 mortality
[Brinton et al ., 1984) North Carolina/Virginia 1970- 1980 1ncidence
. [Brownson et al ., 1988} Missour i 1984 - 1986 1ncidence
[Burmerster et al.,1983] Towa 1964- 1978 mortality
{Burmeister et al ,1982] Calaifornia 1971-1978 mortality
[Contor et al., 1980] USA 1950-1975 mortality
[tontor et al., 1982) Wisconsin 1968- 1976 mortality
[Detzell et al., 1985] North Carolina 1976-1978 mortality
{triksson et al.,1981) Sweden 1974-1978 incidence
[Facal et al.,1968) USA 1969-1970 mortality
[Gallagher et al ., 1984] Canada 1950- 1978 mortality
[Gold et al ,1979) Baltimore 1965-1975 ineidence
[Goldsmith et al., 1977) California 1971-1972 mortality
[Har det l,1981) Sweden 1978-1979 1ncidence
[Hear v et al., 19841 Michigan 1957-1979 mortality
{Linet et al.,1987] Baltimore 1975-1982 Incidence
Mc taughtin et al.,1988) Sweden 1961-1979 incidence
M1 Lham, 1971} Oregon, Washington 1950- 1967 mortality
Mo gan et al., 1980] USA 1967-1978 mortality
[Mustcco et al.1982] Milan, Italy 1979- 1981 1ncidence
[Notkola et al., 1987] Finland 1979- 1983 mortatity
[0tson et al.,1987] Denmark 1970- 1979 incidence
[Pearce et al., 1986) New Zealand 1979-1983 incidence
{Pearce et al ., 1985] New Zealand 1977-1981 incidence
{Priester et at.,1974] USA 1950- 1969 mortality
(Schumacher, 19851 Utah 1967 - 1982 mortality
[Stuithagen et al.,1983) New Jersey 1975 - 1980 1ncidence
[Thamas et al ., 1986) New Jersey, Philadelphia 1978- 1981 mortality
[Wang et al , 1979(b)] USA 1946-1976 mortality
{(Wang et al ,1979(a)} USA 1967-1976 mortality
(Wicklund et al ., 1988) Washington 1968-1980 mortality
Wilbvams et al., 1977) USA NA incidence
[Wong et al , 1984} Michigan 1935- 1976 mortality
. {Zagramiskr et al ., 19861 Connecticut 1975- 1980 incidence

not avatlable



Table 2.4 Relative Risk Estimates

From the Literature by Site and Type of Association
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Site Negative Null Posi1tive
Alt Cancer 11(m), 16 f),16(m),25(m), 1(m),27(m),31(f), 3(m),5(m),21(b),25(m)
27¢(m),35(m),36(m) 31(m),39(m)
Bladder (urinary) t4(m),28¢(f),28(m),38(m) 7(m) T(m),5(m),36(m),39(m)
Urinary Organs 28(£),28(m)
Brain 1(m), 14 (m), 34(m) 18(b),26(b)
Brain and Other Nervous System S5(my,38(t), 38(m)
Breast 38(f) 28(6) 28(m),38(m)
Trachea, Bronchus, Lung, and Other 38(m) 3m),4(m)y,S¢(m), 39(m)
Buccal Cavity and Pharynx 14(m) 5(m),28(£),28(m),39¢m)
Esophagus 1¢(m), 14 (m), 28(m) 17(m),38(m) 28(f)
Larynx 28(m),38¢m) 17¢m) S(m),28(f),400m)
Mouth 38(m)
Nose and Sinuses 28(m) 8(b),28(f)
Pleura 28(f),28¢m)
Respiratory 1{m),37(m) S5¢im),21(b), 39(m)
Tongue, Mouth, and Pharynx 17¢m)
Bronchus and Lung 14(m),17¢m), 28(F), 35(m),36(m)
28(m),36¢(m)
Cervix Uter) 38(f) 28(£),31(f)
Corpus Uter 38(f)
Female Genital 28(f)
Ovary, fallopian Tube, Broad Ligament 31¢6),38(1),
Colon (excluding rectum) 5¢(m), 146(m),17(m), 39(m) 1(m),20¢m),38(f), 38(m)
Large Intestine and Rectum 28(m) 28(f)
Rectum and Rectosigmoid Junction 1(m),38(m) 5(m) 39(m)
Digestive Organs 5(m),35¢(m),36(m), 39(m)
Stomach 38(m),39¢m) 1(m), 14(m) 3(m),50m, 10m), 17¢m), 28( 1), 28(m)
Gal lbladder 28(m) 28(1),38(1)
Liver 5(m),28¢(m) 2(b) T(m),2(b),28Cf)y,55¢(m)
Liver and Gal Lbladder 1om
Hodgk1n's Disease 1my, 16 (m) ,16(f) 31¢f) 16(m),246(m), 28(¢f),28Cm), (51 (m), 38(m)
Lymphoid 30(m) 20¢m),30(m)
Lymphosarcoma 19¢m) 19¢m) 19(m)
Lymphosarcoma and Reticulum
Cetl Sarcoma 16(f),16¢m)
Lymphatic and Hematopoietic
Neoplasms 25(m),35(m) 39(m)
Non-Hodgkin's Lymphomas 28(f) 14¢(m),31(f),31(m) 1(m), 10¢m), 12(b), 13(m), 24(m)
28(m),32(m)
Reticulun Cell Sarcoma 24(m)
Soft-Tissue Sarcoma 15¢m),20(m)
Leukemias 1(m), 14(m),29(m), 38(m) S(my,6C(my,28¢1),28¢m) , 29(m)
38(f),39(m)
Lymphatic Leukemia 22(b) 17(m),22(b), 16(1) ,16(m), 24(m)
31¢£),31(m)
Mul tiple Myel oma 14(m) 16(f),16(m) Y(my, 10(m), 23 (m), 24 (m)
Myeloid Leukemia 28(f),28(m)
Other and Unspecified Leukema 28(f) 28(m) ,38(m)
Malignant Mel anoma 28(m) 28(f) 14(m)
Other Skin 1(m),28(f),28(m) S5¢m), 1 (m), 25y, % (n)
Kidney 5(m),28(m),38(m) 28(f) T(m)
Pancreas 1(m), 14(m),24(m) 5(m),28(m) 17¢m),28(£),38(f), 580m)
Prostate 1(m),5(m) Qum), 0m), 16tm), 1/ Cm), 8(m), 28¢4m)
Testis 28(m),380m), 39(m)

(m) Males; (f) Females; (b) Males and Females
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of the effect (negative, null, or positive). While the
results from these studies, viewed in this manner, appear
inconsistent, the following sites appear to merit closer

attention:

a) Brain and other nervous system;

b) Trachea, bronchus, lung and other;
c) Buccal cavity and pharynx;

d) Mouth;

e) Multiple myelomna;

f) Non-Hodgkins lymphoma;

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 other nervous system;
ii) Mouth;

iii) Testis.




Table 2.5 Comparison of Selected Risk Estimates From the Literature by Site of Cancer for all Pesticide Exponures

Lowest Estimate

o

Highest Est mate

Confidence

Site Citation Limits Cases RR RR Canes
ALl Cancer 25. NA (13 0.7 2.2 (15)
Bladder (umirary) 38. NA (6) 0.7 3.0 (2)
Urinary Organs 28. 0.7 - 2.2 (11 1.2 1.3 (4)
Brain 14. 0.4 - 1.2 an 0.7 5.0 (47)
Brain and Other Nervous System 38. NA 1) 1.7 50.8 (@D
Breast 38. NA (6) 0.5 1.7 H
Trachea Bronchus Lung and Other 38. NA (15) 08 1.8 (50)
Buccal Cavity and Pharynx 14, 0.6 - 1.1 3 0.8 1.8 QR D]
Esophagus 14. 0.3 - 0.8 (15) 0.5 1.4 3
Larynx 38. NA [@))] 0.4 2.9 (7
Mouth 38. NA (8) 2.0 2.0 (8
Nose and Sinuses 28. 0.3-30 3) 1.0 2.5 (2)
Pleura 28. 0.1 - 6.1 Q)] 0.9 0.9 4)
Respiratory 1. 0.7 - 1.4 (32) 08 1.9 (5)
Tongue Mouth and Pharynx 17. 0.1 - 2.1 (2) 0.6 0.6 (2>
Bronchus and Lurg 28. 0.4 - 0.9 23 06 1.3 (12>
Cervix Uteri 38. NA (2) 03 1.2 (11509)
Corpus Uter: 38. NA (4) 23 2.3 (4)
Female Genital 28. 0.8 - 1.2 (8%) 10 1.0 (85)
Ovary Fallopian Tube Broad Ligament 31. NA (8776) 1.1 1.4 (1
Colon (excluding rectum) 39. 0.1-33 (@) 0.6 1.8 (154)
Large Intestine and Rectum 28. 0.9 - 1.2 (13D 1.1 1.2 (72)
Rectum and Rectosigmoid Junction 38. NA (6) 0.8 1.6 (1
Digestive 36. NA (@) 02 0.9 (€8]
Stomach 38. NA (4) a.5 4.2 (3
Gal L bladder 28. 0.3 - 1.4 (5) 06 7.4 (b
Liver 28. 0.4 - 1.5 (9 0.8 2.4 (o)
Liver and Gallbladder 1 1.0 - 3.0 (14) 18 1.8 (14)
Hodgkin's Disease 16. NA (316) Q5 1.7 6>
Lymphoid 30. 0.0 - 1.4 &) 0.2 55 (4)
Lymphosarcoma 19. NA (7 0.4 2.5 (36)
Lymphosarcoma and Reticulum Cell Sarcoma 16. NA (981) 0.8 0.9 (715)
Lymphatic and Hematopoietic Neoplasms 25, NA 4 0.3 1.3 (3
Non-Hodgkin's Lymphomas 28. 0.3 -1.5 (5) 0.6 2.6 (59>
Reticulum Cell Sarcoma 24, NA (7 0.8 0.8 (7>
Soft-Tissue Sarcoma 15. 1.3 - 8.1 an 3.3 6.8 (14>
Leukemias 29. 06.1-26 (2) 0.4 3.0 (9
Lymphatic Leukemia 22. 0.3 -1.8 (8) 0.7 1.4 (257)
Multiple Myeloma 14. 0.7 - 1.2 (24) 0.9 1.8 (60)
Myeloid Leukemta 28. 1.1 - 2.6 (20) 1.7 1.7 (8>
Other and Unspecified Leukema 28. 0.7 - 1.0 (158) 0.9 2.2 (1
Malignant Melanoma 28. 0.4 - 1.1 (16) 0.7 1.2 (24)
Other Skin 28, 0.6 - 1.1 (37) 0.8 5.7 (4)
Kidney 5. NA (D) 0.5 1.1 (15)
Pancreas 1. 0.3 - 1.3 (9 0.7 4.2 1)
Prostate 5. NA (2) 0.5 1.7 (7
Test1s 28. 0.8 - 1.4 (47) 1.1 3.9 (&D)

Conf rcdence

Limits

0.

0.

0.

0

0.
0.

NA not avaitable

= w o

oo Q0 Q@

NA
NA
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NA
NA
NA
NA
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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
excluded 1.0, four of the studies contained 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
literature (38) and another grouping of sites that included

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

1. Detailed Cancer Site Examination

A closer examination of ¢), f), and g) from the first
list of sites that appeared to merit closer attention
indicates that of the five estimates available for buccal
cavity and pharynx listed in Table 2.4 (5,14,28(f),28 (m),39)
all except one (14) range 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
number 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 estimates of

1.2, 1.4, and 1.5 (10,9(m),9(m)).

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); just above the
criterion for a positive association. A closer examination
of the literature for multiple myeloma revealed that threce
of the four positive relative risks reported were statis-
tically significant (23 (M),10(M),24 (M)).

Based on the examination of Table 2.5 the following
additional sites were examined in greater detail:

a) Urinary:

b) Corpus uteri;

c) Liver and gallbladder;
d) Soft-tissue sarcoma;

e) Myeloid leukemia.

The rubric "urinary" includes cancers of both kidney
and urinary bladder. Three of the five kidney relative risk
estimates listed in Table 2.4 were between 0.5 and 0.6
(5,28,38). The nine relative risk estimates available for
bladder cancer ranged between 0.7 and 3.0 [1,5,7,14,28(m),
28(f),36,38,39]. In general, the risk estimates above 1.0
were based on small numbers (1,5,36,39). Only two estimates
for urinary cancer are available from the literature
reviewed and both come from the same study (28). The
estimates reported were 1.21 (N=11) and 1.34 (N=4).

Cancer of the corpus uteri is contained within two
rubrics (corpus uteri, female genital) in Table 2.4 and only
one estimate is availlable for each. The estimate for corpus

uteri is 2.28 (N=4) and 1.02 (N=85) for female genital.
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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 uteri;
cervix uteri; chorionepithelioma; ovary, fallopian tube, and
broad ligament; other and unspecified female genital organs.

The combined rubric of liver and gallbladder is
represented in the literature reviewed by seven relative
risk estimates for liver (1,2(b),2(b),5,28(m),28(f),33),
three 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 to 4.4
respectively. Of the remaining nine, six were greater than
1.0 and five were below 1.0.

Sarcomas are widely distributed across many sites, most
notably bone, connective tissue, brain and other nervous
system, genital in females, and testis in males. Soft-
tissue sarcomas, 1in 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, 1s incomplete in
its coverage of these cell types. For this reason risk
estimates for these tumours are rarely availalle from
ecological studies. Four estimates were obtaiied from the
literature and all four were positive and significant.

Estimates range between 3.3 and 6.8 (15,20).



Of the 24 risk estimates available for rubrics
containing myeloid leukemia, two are for myeloid leukemia
specifically. Both estimates 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)) have

confidence intervals that exclude 1.0.

2. Pesticide Exposures in the Literature

Pesticide exposure can and has been defined and
quantified in many different ways. Appendix 11T lists some
of the terms used in the literature to describe exposures.
While in the majority of cases it is not possible to isolate
specific pesticide exposures, the terms were grouped into
four broad categories in order to highlight important
differences in exposure intensity and cancer risk. Yor
example, farming occupation and other variables related to
farming activity are frequently used as proxies for
pesticide exposure. While the probability of pesticide
exposure among farmers is probably much higher than among
most other segments of the population, farmers are also
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.
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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) Farming 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. 2s in
previous tables, single studies often report many relative
risk estimates for a variety of exposure/site/sex
combinations. It is therefore possible for the same study
to provide lowest and highest relative risk estimates 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 so
different, this category was not combined with farming. The
farming category includes studies of both farming as an
occupation and correlates of farming activity. The
"occupations other than farming forestry or agriculture"
catecory contains the results of studies of populations that
wereexposed to pesticides through their work. Of all the
categories, the results contained within the occupational

group are most likely to be associated with pesticide



Table 2.6 Relative Risks From the Literature by Site of Cancer for Forestry and Agricultural Occupations

Lowest Estimate Highest Estunate

Confidence Confi dcncc:m T
Site Citation Limts Cases RR RR Cases Lyimits Citatron

Brain 34. 0.4 - 1.8 (718) 0.8 0.8 (718 0.4 - 1.8 3.

Buccal Cavity and Pharynx 28. 1.1 - 1.9 (51 1.5 1.8 (1 1.0 - §2 M8
Non-Hodgkin's Lymphomas 28. 0.3 - 1.5 (5) 0.6 1.2 (28) 09 - 1.8 o8
Prostate 28. 0.9 - 1.4 (97) 1.1 1.1 (97) 0.9 - 14 28
Liver 28. 0.4 - 1.5 &2 0.8 1.7 (6) 0.8 - 3.9 8.
Gal tbladder 28. 0.3 - 1.4 (5) 0.6 2.2 (14) 1.3 - 5.7 28.
Leukemias 29. 0.1 - 2.6 2) 0.4 1.6 (30) 1.1 - 2.3 8.
Multiple Myeloma 1. 0.6 - 2.9 (7 1.4 1.4 7 06 -29 1.

Myeloid Leukemia 28. 1.1 - 2.6 (20) 1.7 1.7 (¢ 0.9 - 5.4 28.
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Table 2.7 Relative Risks From the Literature by Site of Cancer for Farming Occupations

28

Lowest Estimate

Highest Estimate

Confidence Confidence
Site Citation Limits Cases RR RR Cases timts Citation
Brain 14. 0.4 -1.2 an 0.7 5.0 (47) NA 26.
Brain and Other Nervous System 38. NA 4D 1.7 50.8 H NA 38.
Buccal Cavity and Pharynx 14. 0.6 - 1.1 31 0.8 0.8 3N 0.6 - 1.1 14.
Non-Hodgkin's Lymphomas NA NA NA NA 2.6 (59 0.8 - 8.3 13.
Prostate 17. 0.8 - 1.5 (40) 1.1 1.7 7 0.6 - 4.6 9.
Liver 33. 0.5 - 3.0 (8) 1.2 2.4 (10) 1.1 - 4.4 1.
Liver and Gal lbladder 1. 1.0 - 3.0 (14) 1.8 1.8 (14) 1.0 - 3.0 1.
Gallbladder 38. NA (1) 7.4 7.4 (1) NA 38.
Leukam as 38. NA 2) 0.6 3.0 (9 1.2 -7.3 29.
Multiple Myeloma 14. 0.7 - 1.2 (264) 0.9 1.8 (60) NA 24,

NA  not available
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Table 2.8 Relative Risks From the Literature by Site of Cancer for Occupational Exposure to Pesticides
Other Than Farming, Forestry, or Agriculture

Lowest Estimate

Highest Ectimate

Confidence Confidente
Site Citation Limits Cases RR RR Cases Lymts Crtaton
Brain and Other Nervous System S. NA (5) 2.0 2.0 (5 NA Y
Buccal Cavity and Pharynx 5. NA (3 1.3 1.5 (@D 0.2 -82 .,
Prostate 5. NA (2) 0.5 0.5 2> NA )
Liver 5. NA Q) 0.8 0.8 (Q)] NA 5.
Leukemas 5. NA (4) 1.3 2.1 (2) 02-76 59
Multiple Myeloma 23. NA (23) 1.1 1.1 (23) NA 24

NA not available
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lable 2.9 Relative Risks From the Literature by Site of Cancer for Other Miscellaneous
Pesticide Exposures

Lowest Estimate Highest Estimate
Confidence Confidence
Site Citation Limts Cases RR RR Cases Limts Citation
Brain and Other Nervous System 5. NA (5) 2.0 2.0 (5 NA 5.
Buccal Cavity and Pharynx 5. NA (3) 1.3 1.5 (@B] 0.2 - 8.2 39.
Prostate 5. NA (2) 0.5 0.5 (2) NA 5.
Liver 5. NA (4] 0.8 0.8 QD] NA 5.
L cukemias 5. NA (4) 1.3 2.1 (2> 0.2 - 7.6 39.

NA not avail ble
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exposure. The final category, other specific 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 is a noticeable degree of consistency in
the results across categories; most notably for the

leukemias.

C. Conclusions

The results available in the literature for
cancer/pesticide associations are inconsistent. The
following subset of "suspect" sites has been identified
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 gallbladder;

f) Soft-tissue sarcoma;

g) Myeloid leukemia;

h) Leukemia (excluding myeloid) ;

i) Multiple Myeloma.
Results for these sites have been found to be fairly
consistent across a number of broad exposure categories.
Given the generally low precision with which pesticide
exposure has been estimated, the identified sites are those

for which the prior evidence is strongest.



Table 2.10 Highest Relative Risks by Site of Cancer and Exposure Category
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Atl Agriculture/Forestry Farming Occupational Other (1)
Bravn 5.0 7 0.8 (718) 5.0 (47 NA NA 2.3 (19)
Brain and Other Nervous System 50.8 (1) NA NA 50.8 (1) 2.0 (%) NA NA
Buccal Cavity and Pharynx 1.8 «11) 1.8 (N 0.8 (30 1.5 (O NA NA
Non-Hodgkin's Lymphomas 2.6 (59) 1.2 (28) 2.6 (59) NA NA NA NA
Prostate 1.7 (7 1.1 97 1.7 (1) 0.5 (2 NA NA
Liver 2.4 (10) 1.7 6) 2.4 (10) 6.8 (1 2.1 (1
Liver and Gatibladder 1.8 (14> NA NA 1.8 (14) NA NA NA NA
Gallbladder 7.4 (1) 2.2 (14) 7.4 (@D)] NA NA NA NA
soft-Tissue Sarcoma 6.8 (14) NA NA NA NA NA NA 6.8 (14)
{oukerm as 3.0 (D) 1.6 30) 3.0 9 2.1 () 1.2 (433)
Multiple Myeloma 5.4 (&D) 1.4 (7) 1.8  (60) 1.1 (23) NA NA
Myctord Leukemia 1.7 (8) 1.7 (8 NA NA NA NA NA NA

(1) other misceltlaneous pesticide exposures

NA not avarlable
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CHAPTER III

METHODS

I. BACKGROUND

Spruce budworm spray exposure and its possible effects
on human health has been a source of concern to New
Brunswickers for several decades, but attempts to address
these concerns have been difficult for the folliouwing
reasons:

a) spraying has been carried out over a long
period of time;

b) the areas sprayed vary from yvear to year;

c) different spray compounds have been used
within and across years;

d) the geographic distribution of the population
vis-a-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 obtain
the highest quality data available on exposure and canccer
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. Superficially, the
geographical representation of incidence data is
incompatible with that of budworm spraying within the
province. Spray data were available only in the form of
maps while the geographical reporting of cancer incidence

was by municipality.
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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
their 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 settlements (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 cities have local governments that are legally
responsible 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.

All incorporated places are uniquely identified in the
Standard Geographic Classification (SGC) developed by
Statistics Canada [Stats Canada 12-567,1982]. 1Indian

Reservations are also identified in this manner. The




35
remaining, non-incorporated, settlements of New Brunswick
are grouped together within large geographically defined
areas referred to as parishes. All non-incorporated places
within the same parish therefore share the same SGC. The
1981 Standard Geographic Classification recognized 285
towns, villages, cities, Indian reservations, and parishes
within New Brunswick. These geographical units are
frequently referred to generically as municipalities or
census subdivisions.

These 285 municipalities, and aggregations of them, are
the basic units of geography used here for the calculation
of risk. Municipalities can be grouped into large
geographic territories for mapping purposes. The Census
Consolidated Subdivision (CCS) is used for this purpose.

The Census of Agriculture frequently uses the CCS as the
basis for its reporting of statistical data. CCS's are made
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) Mall census subdivisions smaller than 25
square kilometers are dgrouped with a larger
subdivision"

b) "if a census subdivision greater than 2%
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 census

subdivision forms a CCS on its own."
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The geographic limits for most CCS's within New
Brunswick correspond to those of parishes but contain those
towns, villages and cities enclosed within their limits. 1In
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. 1In 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 into 285 non-
overlapping geographic units (some 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 sprayed for
spruce budworm during the 32 year period 1952 through 1983
were obtained from two sources. Forest Protection Ltd.
(FPL), which has administered New Brunswick's spray
programme since the programme's inception in 1952, supplicd
32 maps (scale 1:500,000) which covered all of its
operational spray activities during that period. J.D.
Irving Ltd., a privately owned corporation, has opcrated its
own spray programme since 1971. These operations occurreoed
over portions of freehold land that was not designated to bhe
sprayed by FPL. The data from thece combined sources is
estimated to account for more than 98% of the total areca ol
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 new
formulations and typically involve forest areas of 50 to

5,000 hectares, generally located in areas remotc from human



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. 1 developed a coding system tc
classify:

a) the active ingredient;
b) the carrier (oil, water, or other solvent):

¢) 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
given year. 1In all there are 27 unique codes within the
exposurec data base (See Appendix IV). All spray maps were

coded twice by me and all 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 94-902,1983] 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 and
is concentrated solely within the parishes. The effect ol
this exclusion on exposure estimation will be discussed in
detail later.

Geographic coordinates (Lambert) to the nearest minute
were obtained for each of the 1,581 New Brunswick
settlements from the Gazetteer of Canada for New Brunswick
[CPCGN, 1972] . These coordinates identify the approximate
physical —enter of each settlement except where a central
point of human activity is identifiable, such as a town
center or a community hall [Energy, Mines, and Resources;
personal communication,1984j. Close exanmination of 1:%0,000
scale maps showing the location of buildings indicates that
the degree to which these coordinates approximate the center
of human habitation varies a great deal from scttlement to
settlement.

While Statistics Canada also publishes a set of
coordinates that are designed to reflect the centers of
settlements, these are of low precision for unincorporated
settlements. This is because enumeration areas, which are
the smallest geographic units within the census, frequently
encompass many small settlements. The coordinates reportd
for these settlements are those calculated for the
enumeration area as a whole. This fact is incorrectly
documented in some Statistics Canada publications and
results in substantial distortion in the geographic

situation of these small settlements.



3.

Integration of Spray Data and Settlement

Patterns; Methods and Quality

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)
b)

c)

d)

£)

the spray year;

the distance in kilometers between the point
defined by the coordinates of each of the
settlements and the closest point on the
margin of each spray area within a 100
kilometer radius;

the name and 1981 population of each

sett lement;

the geographic coordinates of each settlement;
the true compass bearing from each spray
area within 100 kilometers of each
settlement;

the areca of each spray block in hectares.

In order to evaluate the quality 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 to the process of

digitization. The geographic location of a sample of

settlements with the following characteristics were chosen

as part of this process:



a) settlements within spray areas;

b) settlements situated outside of spray arcas
but within 10 kilometers of at least 1 spray
area;

c) settlements beyond 100 kilometers from any

spray block.
Distances and bearings were calculated and all
comparisons were found to be in agreement and the precision

with which distances were calculated did not vary as a

function of the distance between settlements and the margin:.

of surrounding spray areas. All formulation codes for the

areas examined were also in agreement.

B. Cancer Data 1977-1980

The Province of New Brunswick collects data on human

cancers from pathology reports, X-ray reports, consultation-.

submitted to radiation oncologists at Saint John Regional
Hospital, death certificates from the Prowvincial Department
of Vvital Statistics, and blood and cytology reports from
Saint John Regional Hospital. Reporting to the registry i
voluntary. No reports from hematology laboratories arec
received, and data pertaining to neoplasms of the blood and
bone marrow are incomplete.

The Registry is housed in the Saint John Regional
Hospital, which 1s the largest oncology referral centre in
New Brunswick and has been in operation since 19%2. This,

makes it one of the oldest cancer registries in Canada.
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The New Brunswick Tumour Registry provided a computer
tape containing case by case data for all reported cancers
among New Brunswick residents for the period 1970 through
1980. Because the registry did not use Statistics Canada
standard geographic codes prior to 1977, only 4 years of
data couid 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 Registry during this period. The following
data pertaining to the 12,288 cases recorded for the period
1977-1980 were obtained:

year of 1initial diagnosis;

a)
b) age at time of diagnosis;
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 (1979-89)):

f) morphological classification of the tumour
(Systematized Nomenclature of Pathology (SNOP)
for 1977-78 or the International Classification
of Diseases for Oncology (ICD-O) for 1979-80)
including behaviour code;

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

cytological, X-ray, or clinical).

The 8th revision of the International Classification of
Diseases [WHO,1968] was used by the Tumour Registry to code
tumour topography for the years 1977-1978 while the 9th
[WHO,1975) revision was used to code topography for 1979-

1980. In order to insure compatibility of coding across
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revisions for the cancer sites under investigation, a list
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 (SNOP) was used [CAP,1965] to classify tumour::
morphologically. In 1979 and 1980 the International
Classification of Diseases for Oncology (ICD-0) [WHO,19706)
was used. These classifications are compatible at the 3

digit 1level.

C. Data From the 1981 Census of the Population and

Census of Agriculture

1. 1981 Census of the Population

Statistics Canada publishes many types of data tor
different levels of geographical aggregation. The level:s of
geographical aggregation chosen in this study were
determined by the availability, at a given 1lecvel, of
population data cross-tabulated by sex and age and for which
tumour registry cases could be similarly cross-tabulated.
The municipality level was chosen as the smallest level for
which all sources of data within the study could he rendoered
compatible.

Of the 285 municipalities, 260 were retained for

analysis (See Appendix V) after the following modification:,.



One municipality, Alma parish, (SGC81:607) was dropped as
census data for 1981 indicated zero population and Tumour
Registry data indicated no cases from this area. Another
municipaiity, 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
Registry for the period 1977-1980. The 19 Indian
reservations were merged into their surrounding
municipalities due to the small size of their populations
and the high frequency of data suppression by Statistics
Canada for these units. This merger was carried out
according to specifications supplied by the Federal
Department 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,
residents of these municipalities were coded to the parishes
within which these places were situated. Thus, resident
cases could not be uniquely identified, and the
municipalities were merged back into the parishes from which
they arose:

a) Verret (8GC81:1330) merged into Madawaska
(56C81:1328) ;

b) Darlington (SGC81:1402) merged into
Dalhousie (SGC81:1408) ;

c) Sheila (8GC81:1502) merged into Saumarez
(5GC81:1501) ;
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d) St. Leolin (SGC81:1517) merged into New
Bandon (SGC81:1516).

Following initial data analysis all cities (N=6) werce
dropped. The justification for this decision can be found
under the heading "Spray Exposure"™ in Chapter 1V.

Population data, cross—-tabulated by sex and 11 age
group categories and their corresponding SGC codes, were
obtained from Statistics Canada tabulations [Stats Canada
E-562,1982] for each of the 254 retained non-city
municipalities in order to calculate age standardized, scx
specific cancer incidence rates (SIR) for each municipality
within New Brunswick.

Data on potential confounders were also obtained in the
following categories:

Language/Culture;
Education;

a.

b

c. Income;
d Urban/Rural Residence;
e

Migration.

Each of these cateqgories was chosen to capture a
specific dimension of human activity that may be related to
health in general or to cancer in particular. In this soneae
each has the potential, independently of the others and ot
spray exposure, to influence the occurrence of cancer.
These variables may also covary with spray cxposure. AL a
group they fall within the general category of lifestyle
variables. Occupation is not included in the analysis as o
covariable. Adelstein [1980] found that control for social

class, regional, and urbanization effects removed 94% of the
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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. Lanquage/Culture

Cultural or ethnic 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 difficult to
measure in the present context, but they are included 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 persons reporting French as "the first
language learned and still understood" (mother tongue) was
obtained from Statistics Canada tabulations [Stats Canada E-
562,1982] for each of the 254 non-city municipalities.
Mother tongue was chosen over alternative measures such as
the cultural group to which the respondent's ancestors
belonged on first coming to this continent (ethnic origin)
or the specific language spoken at home by the respondent at
the time of the census (home language) as I felt it was more
likely to reflect early and potentially more durable effects
of culture. In addition, mother tongue, ethnic origin and

home language are highly correlated.




The proportion of residents reporting French as their
mother tongue was calculated for each of the 254 non-city
municipalities. The distribution of these proportions was
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 similar
proportions of French and English, a dichotomous variable
was created by cutting the distribution in half at the 50%
point.

A further consideration was that when one culture
dominates a community, any culture-related risk factors that
operate on a community-wide basis will affect the non-
dominant group as well. Thus cultural effects may be

greater than linear in mixed communities.

b. Education

EdQucation is correlated with income and occupation, but
may act as an independent marker for additional factors
associated with health behavior. For example persons who
terminate their education before university or who reccive
technical training may not be as likely to be exposed to
influences of those outside their class and or culture as
those who attend university.

For each municipality, the preportion of persons who
attended university (with or without degree) in the total

population 15 years or older was calculated.

‘I ./
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c. Income

An ecological study of socio-economic conditions and
cancer mortality in men indicated that, among other
variables, cancer mortality rates were higher than expected
in areas where unemployment was high and where a high
proportion of families lived in poverty [Jenkins,1983]}.

Of all the items available from the alternatives, the
census 1includes several items related to poverty, such as
the rate of unemployment, mean or median income, 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 income; mean income may be unduly affected by a
few high values; and even medium income may have low
correlation with severe economic distress. Percent low-—
income probably comes closest to capturing the concept of
poverty.

Low~income cutoffs are based on estimates of the
proportion of the total income of a family or unattached
individual that is spent on food, clothing, and shelter.
Data for the calculation of these cutoffs comes from the
1978 Family Expenditure Survey, updated according to changes
in the Consumer Price Index (CPI). The CPI uses regression
techniques to define income levels at which expenditures
exceeded the average level by at least 20%. The effects of

factors such as family size, region, and degree of
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urbanization were considered in establishing average levels
of expenditure [Stats Canada 8-3302-519,1983].

The following data were obtained from Statistics Canada
tabulations for each of the 254 non-city municipalities
retained for analysis:

a) the number of economic families
[Stats Canada E-574,1983];

b) the number of low-income economic families
[Stats Canada E-574,1983];

c) average number of persons per family of 2 or
more persons [Stats Canada E-562,1982];

d) the number of unattached individuals
[Stats Canada E-574,1983];

e) the number of low-income unattached
individuals [Stats Canada E-574,1983].

The census reports low-income data scparately for
family units and for unattached individuals. The values fol
both types of units were combined into a single value in the
following way. The number of low-income families within
each municipality was multiplied by the average family sizc
for that municipality. This value was added to the number
of unattached persons to obtain an estimate of the total
number of low-income persons. The number of families within
each municipality was then multiplied by the average family
size for that municipality and added to the total number of
unattached persons to obtain the total number of persons.
The estimated number of low-income persons within each
municipality was then divided by the total number of person.,
in each municipality to obtain a single rate for each

municipality. This procedure may introduce an error if low-



income families are, on average, larder or smaller than
other families in that municipality. 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, including
population density and industrial development, that could
confound associations between pesticide exposure and cancer.

Industrial contamination of the environment within New
Brunswick is not necessarily concentrated in urban areas
because forestry, the most important industry in the
province, is fairly decentralized. Urbanization, however it
is defined or measured, is likely to be a poor proxy for
chemical pollution in New Brunswick.

Statistics Canada defines an urban area as an area with
a population of at least 1000 persons and a population
density of at least 384 persons per square kilometer. This
sinple definition based on density leads to some unusual
situations in New Brunswick, where some relatively small
populations inhabit small areas that do not conform to the
usual concept of an urbanized center. Alternatively, 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 than
2500 persons, while approximately 31% live in 6 cities
ranging in size from 9818 to 80521. Therefore, unlike many
other regions, there appears to be a fairly clear
distinction between urban and rural settlements within New
Brunswick. Municipalities with populations greater than

2500 were classified as urban in this study.

e. Migration

The numbers of persons "who on census day were residing
in a different municipality within Canada than % years
earlier" were obtained from Statistics Canada tabulations
[Stats Canada E-574,1983] for each of the 254 municipalitics
retained for analysis. The potential influence of migration
on cancer incidence involves both duration of exposurc to
agents in various environments, the association of repeated
change of residence with certain lifestyle or socio-econonic
characteristics, and the effect of moving on case
ascertainment and exposure estimation.

Historically, large migrations have been associated
with environmental, social, or economic upheaval. To a
smaller extent, these factors continue to influence
migration patterns. For example Mancuso commented on the
potential adverse health effects of the tendency for

migrants to take undesirable jobs [1974]. Given the



relatively depressed economic conditions within New
Brunswick, a high proportion of migrants may be young and
jobless, and hence subject to a wide range of social,
psychological, and economic stressors with direct or
indirect effects cn health.

Under ideal circumstances, cohorts of exposed and
unexposed persons would be identified and followed forward
in time, and cases of cancer would be identified within each
cohort. Migration thevrefore would not affect membership in
the cohort, and all cohort members would contribute to
cevents used for the calculation of rates. No cohorts of
this kind are identifiabie within New Brunswick to evaluate
the potential effects of budworm spray exposure on the
occurrence of cancer. To the extent that out-migrants are
replaced by in-migrants with similar cancer rates, the
results of this study will approximate those of a cohort
study, while net in or out-migration of high or low risk
persons (whether or not these are associated with pesticide
cxposure) would bias the risk estimates.

The calculation of exposure scocres uses weights that
are proportional to the population size of each settlement.
Given that this weight is intended to approximate average
scttlement size over the period of exposure, recent large in
or out migration would also tend to distort exposure through
its influence 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 were obtained
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 used in the

analysis, in square kilometers, was obtained from Statisticu

Canada Tabulations [Stats Canada E~562,1982). The arcal
measurements of the 19 Indian reservations were merged into
the municipalities in which they were situated according to
specifications supplied by the Federal Department ot Vital

Statistics (See Appendix VI).

2. 1981 Census of Agriculture

Statistics Canada provided special tabulations of the
area of land under cultivation for crops in 1981 tor ecach ol
153 Census Consolidated Subdivisions (CCS), as reported
within the 1981 Census of Agriculture [Stats Canada Spccial
Tabulation,1983].

All municipalities were coded according to the CCS in
which they were situated using the 1981 Standard Geoqraphic
Classification [Stats Canada 12-567,1982]., Total land arecqg
within each CCS and the proportion of land under crop
cultivation were then calculated and assigned to all tho<se

municipalities within that CCS.



I11. DEVEILOPMENT OF SPRAY EXPOSURE MEASURES

A. Spruce Budworm 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 sarcomas and malignant
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
their method of application and their limited use. For
example, herbicide spraying in forestry is usually carried
out on the ground. The aerial application of herbicides
began in the early to mid-seventies and is generally
specific to privately owned coniferous plantations. Small
areas sprayed with 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

clectrical rights of way.



2. Issues Pertaining to Quality of Data Used

in the Calculation of Exposure Scores

All data pertaining to the geographical location of
spray blocks within New Brunswick were taken from the
1:500,000 scale maps (i.e. 1 inch = 7.89 miles) supplied by
Forest Protection Ltd. (FPL) and J.D. Irving Forest Producta
(JDI). The FPL maps were silk screened summaries of
navigational maps used by the spray pilots, while those from
JDI were in the form of xeroxed sheets from the same scale
of maps and with the spray data more crudely represented.
These are of less concern because of the small percentage
and relatively remote location of the arecas sprayed by JbI.
Furthermore, JDI began spraying only in the carly 19/70', and
one would expect the impact of this activity on cancer
incidence during 1977-80 to be minimal.

The person who prepared the FPL summary maps costimat o
that the margins of FPL spray blocks are probably accurate
within 1.6 kilometers. This estimate was subjective and
based on his work in map preparation. An additional 0.2
kilometers of measurement error 1s associated with the
process of computerizing (digitizing) the margin< of the
spray maps.

The geographic location of each settlement 1n Hew
Brunswick, needed for distance calculations, was taken fror
the 1972 edition of the Gazetteer of Canada for lcw

Brunswick [CPCGN,1972]. Even under 1ideal circumstance:,



these coordinates are somewhat imprecise. For the process
employed in determining these 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
larger 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 1 kilometer. These data are,
however, the most detailed that are available.

Approximately 12% of New Brunswick residents live in
places that, for reasons of confidentiality, are not
included in tabulations of New Brunswick settlement
populations [Stats Canada 94-902,1983]. This is a serious
loss of information because residences in small places are
likely to be remote, close to the forests, and subject to
above-average spray exposure. Because only small places are
involved, only those municipalities that are parishes are
affected. 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 seperately by Statistics Canada. The

ctfect of this adjustment on the calculation of weights is
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equivalent, mathematically, to assigning the average
exposure of the "known" population within a parish to the
unknown segment in that parish. To have used the complete
population as the denominator of the rates would have been
equivalent to assigning zero exposure to the unascertainable
segment of each municipality, while they may in tact have

had considerably above-average exposures.

3. Criteria fcr the Development of Exposure

Indices

The basic data for the construction ot exposure indices,
are the distances between each settlement centroid and the
nearest margin of each spray block within a defined radiu,
for each of the years 1952-1976. The number of spray bloch:,
per settlement varies from year to year, and the total over
the 25-year period ranges from 0 to 75 spray blocks per
settlement. Furthermore, cancer incidence 1s geodgraphically
coded at the level of municipalities rather than
settlements. In order to make maximum usc of the avarlable
data, exposure indices have been defined so that they are:

a) additive over spray block data within
settlement;

b) additive over settlements within
municipalities for parishes;

c) additive over spray years within the period

1952-1976 for each municipality;



d) reflective of what .s understood about the
physical behavior of spray within the

environment.

Spraying was usually carried out in 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 to spray blocks, but
varied with wind direction following temperature inversion
breakups. This source of variability could not be

integrated into the exposure indices.

4. DDT and Organophosphate Near-Distance

Indices

Due to the nature of the dispersal of spray aerosols in
the environment, the majority of settlement spray exposure
1n New Brunswick is dominated by the spray block which is
nearest to each settlement. For this reason and the
simplicity of calculating and interpreting a score based on
the nearest block, a near-distance index was developed.

All settlements whose centroids were within one
hilometer of a DDT or organophosphate spray block were
scored as 1 for exposed while all others were scored as 0
tor unexposed. This index therefore uses data for only one
spray block per settlement.

Parishes are made up of many small settlements, only
some of which may fall within the one kilometer limit. In

these cases the exposure index is calculated as the sum of

58



50
populations in settlements within one kilometer, divided by
the total of all the "known" settlement populations in that
parish (see earlier discussion of population weights).
Therefore, cumulative scores for parishes are rarely

integers.

5. DDT and Organophosphate Medium-Distance

Indices

In order to make use of all of the available spray data
and to represent as closely as possible differences between
DDT and organophosphate spray with respect to probable
deposition rates as a function of distance, additional
indices were developed. These include multiple spray block
data up to a specified distance beyond which exposure 1,

defined to be zero.

a. DDT Medium-Distance Index

The majority of DDT sprayed during the period 194%2-1900
was sprayed by slow, low-flying aircraft using a bhoom and
nozzle spray apparatus that generated relatively large apray
droplets. For this reason the amount of off-target drift i-,
expected to be much less than from the large, fast flying
alrcraft with ultra-low-volume spray apparatus uced during
the later organophosphate spray period. ‘Therefcre a simplee

linear deposition model was used. In the case of town:.,
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villages, and cities, the score for each place was
calculated as 1-x/5, where x is the distance from the
centroid for that place to the nearest margin of each DDT
spray 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 sizg divided
by the "known" parish population. These settlement scores
were then summed to provide a total parish score. The
calculation for each settlement is as follows:

(settlement population/"known" parish population) (1-x/5).

b. Organrophosphate Medium-Distance

Index

The organophosphate 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 (1l/exp(x)) to provide an
exponential decay of exposure with distance instead of the
linear decay provided for DDT. Secondly, organophosphate
scores were added over all spray blocks within 10 kilometers
instead of the 5 kilometer limit used for DDT. All 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 study.
Many of the pesticides used in forestry spraying have also
been used in agriculture, and agricultural spraying tends to
take place in areas not normally subjected to lorestry
spraying. Information from the Pesticide Division of the
Department of Agriculture and Rural Development (New
Brunswick) indicates that 52,632 hectares were sprayed with
approximately 527,765 kilograms of pesticide in 197/0.
Forty—-four percent of the total crop hectarecs treated were
under cultivation for potatoes and these were sprayed with
an average of 20 kilograms of pesticide per crop hectare.
On average, potato crops receive more than 20 times the
amount of pesticides sprayed on any other crop type. 'The
Task Force on Chemicals in the Environment and Human
Reproductive Problems in New Brunswick found, however, that
only about 14% (2.8 kg./ha) of this amount is insecticides;
the majority (72%) is fungicides with the remainder
consisting of herbicides [Hatcher et al.,198%,pg.124].

Aside from a few general descriptions such as those
mentioned above, the geographic distribution of agricultural
pesticide usage within New Brunswick is poorly documented
and had to be approximated by indirect methods.

In 1981, for the first time, the gecographic boundarics

of the Census of Agriculture agreed with those of the Cen.u,



of the Population at the level of the 153 Consolidated
Census Subdivisions (CCS).

The Census of Agriculture collects data pertaining to
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 to develop proxies
for agricultural pesticide exposure.

The degree to which confounding of forestry pesticide
erxposures by agricultural exposures can be controlled
depends on the degree of association between present
agricultural practices and activity in the past. Large
changes in farming have occurred during the past 2 to 3
decades, including changes in crops grown, their location
within the province, and the types and amounts of pesticides
used. 1n the absence of comprehensive data it is not
possible to 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 Reproductive 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 this [Hatcher
et al.,1985,pg.14]. The Task Force combined these data with
crop specific quantities of pesticides potentially applied,
as estimated from the amount of pesticides sold within the
province and application rates recommended by the Canadian
Crop Guide. They discovered that crop specitfic acreage
within New Brunswick fluctuated rather dramatically from
year to year [Hatcher et al.,1984,pg.221)}. Because crop
specific acreage varied so much, it was decided that only
total area under cultivation would be used in this study as
the basis for estimation and that the additional uncertainty
regarding the actual application rates of agricultural
pesticides was too great for data to be incorporated into
the indices developed.

The agricultural activity index was therefore

calculated as: CCS area under cultivation/CCS land arca.

IV. DEVELOPMENT OF OUTCOME MEASURES

A. Geography

Not all records within the New Brunswick Tumour
Registry pertain to New Brunswick residents. Part of the
standard geographic code used by the Tumour Registry
identifies the province of residence. One hundred and
seventy-three records of cases with residences outside of

New Brunswick were excluded from the analysis. linety-nine
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records with missing standard geographic codes and 21
records of New Brunswick residents with localities coded
unknown were also excliuded. Therefore, assuming all 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 all of the analysable non-city cases pertained to
malignant tumours. Seven hundred and seventy-two records in
which the topographic 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. All of the remaining
cases were retained for analysis including 79 cases with
uncertain behaviour and 622 cases for which no morphological
data was recorded. All New Brunswick cases had topograpt .
codes.

Four outcome categories based primarily on
morphological data were created. They are as follows:

a) sarcomas (M880-M899, M902-M934);
b) brain (M935-M957) ;
¢) lymphomas (M958-M975);
d) leukemias (M980-M998).



Values in brackets are the ICD-O morphology codes
[WHO,1976]) used for each category. All records with the
above morphology codes were classified accordingly. The
topography codes of the remaining cases for which morphelogy
data were missing and 19 cases with topography codes
indicating brain and other nervous system were added to the
brain category:; 62 cases with topography codes indicating
leukemia were added to the leukemia category; 11 cases with
topography codes indicating lymphoma were added to the
lymphoma category and 1 "bone and articular cartilage" and 2
"connective and other soft-tissue" neoplasms were added to
the sarcoma category.

All remaining records that had been coded for
topography using the 8th revision of the International
Classification of Diseases [WHO,1968] were examincd for
compatibility with the 9th revision of the International
Classification of Diseases [WHO,1975] using a conversion
list supplied by D. Wigle of the Laboratory Centers for
Disease Control of Health and Welfare Canada (Sece Appendix
II) and when necessary, sites were grouped to ensure
compatibility.

The result of the process described above was to create
an exhaustive and mutually exclusive set of outcome

categories that combined both topography and morpholoqgy.



V. DATA ANALYSIS

A. Preliminary Analysis

The appropriateness of a multiplicative model of
causality versus an additive one was evaluated by fitting
cach model to the study data. This was done to determine
which causal model best fit the data. The multiplicative
mode]l was found to have the smallest deviances for all the
sites examined and therefore was chosen as the basis for
data analysis.

The effectiveness of the indirect method of age
standardization used in this study was evaluated by using
binomial regression on the age group, sex specific data.
Models were fitted using age group, treated as a factor, and
spray exposure, treated as a continuous variable. The sex
speci tic age-adjusted relative risks from the binomial
regressions were compared to those from the Poisson
regressions. The relative risks from each type of
regression were found to be in close agreement, thus
supporting the conclusion that age standardization was
ctftective.

The 11 age groups available for analysis were regrouped
into the following 3 broad age categories: 1) 0-19 yrs.,

2) 20-54 yrs., 3) 55 and up. The new 3-category wvariable
was included as a factor with exposure measures, in binomial

models with age group/exposure interaction terms, and




binomial models without the interaction terms. This was
done to determine whether the effect of exposure ditter od
across age groups. The inclusion of these 1nteraction term:
did not significantly improve the fit. 1t was theretore
concluded that exposure effects, if any, were not madit ied

by age.

B. Initial Data Analysis

Initial data analyses involved the characterisation of
the New Brunswick population in terms of: a) thooe tactonr,
that could potentially confound cancer,/upray acoociat 1o,
b) forestry spray exposure, c¢) cancer incidence; and
examined the degree to which these variables wore
associated. This step was intended to investigate whet hor
or not these factors behaved as expected and wa, to
facilitate the interpretation of resulty from the

multivariate analysis.

C. Poisson Regression Analysis of Indircetly

Standardized Incidence Ratios

Methods for the analysis of observed and rrpoctod
values within the context of multiplicative model in
epidemiolcgy are well developed (Breslow et al.
Unlike reqgular regression, Poisson reqgreo.ilon docs, not

assume equality of variances for each independent variab e
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1n the model. Variance is defined to be a function of the
population mean, estimated from the sample means, and can
therefore vary «long the x axis.

Poisson regression represents a welighted analyses of
observational units in which the weight is proportional to
the size of the unit. This is a particularly desirable
feature insofar as the population units for the current
analysis are highly variable with respect to size.

The coefficients generated by the Poisson nodel are
interpretable as estimates of standardized risk ratios when
the moedel provides a good fit to the data [Frome,1984,pg. 4],

Age/sex specific rates were calculated for each of the
254 non-cilty municipalities in New Brunswick. While the
structure of these data permitted standardization using the
drrect method, the numbers 1in many of the age/sex/
municipality strata were small and would have led to the
calculation of rates with large variances. The indirect
method [Hleiss, 1973] was therefore used. These two methods
are known to be in agreement under most conditions.
Preliminary analyses were carried out and indicated a high
degree ot concordance between the estimates generated by
cachh ol these methods.

Poisson regression was used to obtain risk ratio
estimates of the effect of spray exposure on cancer
incidence, controlling for potential confounders. This
toechnigue 1s an extension of that used for the analysis of

wtandardized mortality ratics and is described in detail by




Breslow et al. [1983]. Parameter estimates wore obtained
using the Generalized Linear Interactive Modelling progiamme
(GLIM) for the PC; Release 3.77 {[Payne,1989]).

Data analysis was carried out on the obscrved and
expected values of the 254 observational units (non-city
municipalities) in New Brunswick.

Colinearity among explanatory varitables han beon
demonstrated to result in a destabilization ot coutimatdl
coefficients and their standard errors [Chattorjee ol
Price,1977,pg.243]. This instability is c«presaed through
dramatic changes in these parameters with the 1ntioduction
of new terms i1nto multivariate statistical wmoadela.  The
effect of the introduction of new terms on coctticirent s andd
their standard errors was carefully monitorcd during

analysis in order to detect colinearity problems it prescnt,

D. Estimation of Statistical Power

One important question regarding powcr that neodo to fe
addressed in this type of study pertains to the Jabelihood
of detecting an exposure effect it one eriot- . In wvicy ot
the limitations of the available data 1t werenes unlakely th

small risks would be detected.

The «aata of this study are limited in 2 1mportant wagzo:
sample size and bias. Power deals only with the former
whereas the latter is probably the more important of tLhe tuao

as far as its impact on this study.




The usual power estimates deal only with random error.
This study, however, is subject to substantial non-randon
crror so that the real uncertainty is greater than
calculated. In short, the calculated p-values in this study
are too small, and the confidence intervals too narrow, by
unknown amounts. They are, however, still useful as lower
Lounds, and 1ndicate how much bias would be needed to
produce results if no effects are present (by some
cubjective process).

Statistical power 1s influenced by 4 factors: 1) the
value ot alpha, which was set to .05; 2) the size of the
relative risk to be detected, which was set to 1.5, 2.5 and
5.0; 3) the total number of observed events; and 4) the
rati1o ot the denominator of the exposed group to that of the
uncxposcd.  The total number of observed events in this
Si1tuation is determined by cancer incidence rates in New
Brunswick during the period 1977-1980 while the ratio of
exposed to unexposed denominators will vary according to the
choice ot cut points on the developed exposure axes. Power
entimates were calculated according to a method describeda by
Brown and Green [1932]) for 2 independently distributed
Polsson varlates.

The main tests of hypotheses in Chapter IV were
conducted using a continuous exposure score. The power
estimates, however, are bused on a dichotomous variable,
created by treating units with spray exposure scores of zero

as unexposed and all others as exposed.
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CHAPTER IV

RESULTS

I. INTRODUCTION

The population of New Brunswick can be part itioned
geographically in many ways. The two most 1.op ot ant

partitions (geographic units) used 1n this stulyv ar

settlements and municipalities. Settlement. woere w110
the calculation of expecsure scores.  Settlements are th
smallest units for which population data are avatlable

permit the most precise estimation of dist ance baoed
exposure indices, but the only data publiched tor the o
units are their total populations.  Municipalit peo, howe oo
can be characterized demographically. DPigure 4.1 1. a taap
of New Brunswick with 1ts 15 census divicion: and the
distribution of settlements used for spray ospooure
calculations.

An important feature of settlement« and municapal it e
is the one-to-one correspondence to town., village, and
cities, which are both settlements and muniacipal it e o 71
other settlements arec grouped into municipal rtie, that e
referred to as parishes. Therefore, there 1 1007 coverage
of towns, villages, and cities in either partition, wheroy,
only 88.4% of the total HNew Brungswichk population wa

classified to settlements in 19871.

A Y.
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New Brunswick is a highly rural province with $2.5%
(365,540) of its population living in settlements with
populations of less than 2,500 persons. This tigurte 1s
obtained by summing the populations of parishe:ss, tor which
total populations are available, and whose scttlement
populations never exceed 2,500 persons, with the population::

of towns and villages with populations less than 2Ho00.

Of the 365,540 persons living in rural arecas, 91,90
(25.8%) live in towns or villages while 271,250 live 1n
small settlements within parishes. The remainder of the Hew

Brunswick population (230,685) live in large towns,

villages, and cities.

The New Brunswick population include: two mijor
cultural groups:; for convenience, these are des.ignated by
their predominant language as English and Prench. Thairty-

three percent of New Brunswlckers reported therr mot hen
tongue as French and only 1.3% reported their mother tonqgue
to be other than French or English [Stats Canada =942,
19821},

The French population within HNew Brunswick 1,
concentrated along the east coast and within the northern
regions of the province. Among the predominantly Ire nch
municipalities, 78.6% of the population lives 1n rural arca-,
compared to 42.2% of the population of predominantly Lnqglic.h
municipalities.

A higher proporticn of persons having attended

university are situated within cities than 1n more rurg)
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areas. Municipalities in which there are large numbers of
French also tend to have smaller numbers of persons who have
attended university.

Predominantly French areas within the province also
have higher proportions of persons with low-income than
predominantly English areas.

Finally, larger proportions of the populations of urban
arcas migrate than do populations in rural areas. Migration
1. lower within predominantly French municipalities relative
to Lnglish municipalities, is positively associated with
educat ional attainment, and is highest where the incidence
ol low=-1ncome is lowest.

In surmary, there appear to be two fairly distinct
populations within New Brunswick. The French live in more
rutal areas, are less well educated, have lower incomes, and
migrate less than their English counterparts. These two
populations may vary with respect to lifestyle, and do vary
1n terms of their geographic distribution within the
province. Undefined and unmeasured lifestyle factors may
increase or decrease cancer risk within the French
population relative to the English. The coastal location of
Ptench settlements 1s probably correlated with low spray
exposure and their rural nature implies a decreased cancer
1ok,

Appendix VII contains the data upon which the preceding

statements are based.
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IT. SPRAY EXPOSURE

As discussed earlier in the Methods section, ditferent
exposure indices were developed for DDT and organo-—
phosphates. The near-distance indices tor DDT and organo-
phosphates were calculated in the same way and are the
simplest and most easily 1interpreted. A wmore complex ot of
indices was designed to reflect depesition difterence,
between DDT and organophosphates. While this sccond <t
includes information on more than the nearecat spray bloct,
thelr measurement units are difficult to interpret.
Therefore, the more complex indices were uscd only 1n the
final stages of analysis.

Measures of agricultural activity were examined ao o
possible confounding factor, as many of the pesticide
compounds used in forestry were also used i1n agriculture.

Near-distance scores for both DDT and organophosphator
were calculated by assigning a score of 1 for cach year a
town, village, or city was within 1 kilometer of one or more
spray blocks. For other settlements, the scttlement
population was divided by the "known" popul.ition for the
parish within which it is situated. Thereore, [raction!
scores 1indicate that part of the parish population waw
exposed and a score of 1 indicates that all scttlement:,
within that parish were exposed. Cumulative scores were
calculated by summing scores within municipalities over ol

years.
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The total "known" population was based on information
from a settlement file [Stats Canada 94-902,1983] which
contained population data on 88.4% of the total New
Brunswick population. The use of the "known" (615,350)
instead of the "actual" population (696,225) allocated the
average parish exposure to the portion of the population not
allocated to a settlement or larger unit. Table 4.1
describes settlements within New Brunswick.

Different spray score cutoff values were used to
eramine the effect of the choice of cutcff on calculated
cxposure scores. [his was intended to insure that the a
priori choice of a 1 kilometer cutoff did not generate an
1diosyncratic exposure profile and to insure that sufficient
oxposure variability was present. The same approach was
useced during the initial stages of model fitting to evaluate
the effect of changing cutoffs on spray-related cancer risk.

Table 4.2 cives the distribution of person-years of
exposure by formulation, type of municipality, period, and
difterent cutoffs. One notable feature of these "“one
k1lometer" data is the absence of exposure for cities, with
the exception of organophosphates for the period 1973-76.
With few exceptions the populations of parishes are more
highly exposed than those of towns, villages, or cities. 1In
general, the increases in person-years exposed tends %o be

low (on this numeric scale) up to 2.5 kilometers. On the




Table 4.1 1981 New

Brunswick Population by Settlement Size

Number of Total

Settlements Fopulation
Settlement Sizes
All Settlements 1581 615350 (100.0%)
1. 0 Up to 100 867 41331 (/.1310)
2. 100 Up to 250 421 66358 (10.84)
3. 250 Up to 500 143 48290 (7.8%)
4. 500 Up to 1000 75 51018 (8.3%)
5. 1000 Up to 2500 48 73560 (12.0%)
6. 2500 Up to 5000 12 45794 (7.47)
7. 5000 Up to 10000 9 63455 (10.32)
8. 10000 & Up 6 221904 (36,.1%)

Source: Place Name Reference List [Stats Canada 94-902,1983]

Avoracge B,
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lable 4.2 Person-Years of Potential Spray Exposure (1) by Formulation, Type of Munmicipality,

Period, and Different Exposure Defimitions (2)

78

Ferson-Years of Exposure by Exposure Within

Total
P-Yrs 0 tc 05 Km. 0 to 1.0 Km 0 to 2.5 Km. 0 to 5.0 Km,
Formutation, Type of Mumcipality,
Period
DDF, Municipalities <2500; 1952-62 2841070 108727 ( 3 8%) 123026 ( 4.3%) 164848 ( 5 8%) 235052 ( B.4%)
DOT, Towns, Villages 2500 up;

1952-62 1143380 3399 ( 0.3%) 12463 ( 1.1%) 21527 ( 1 9%) LETT2 ( &%)
DDT, Cithes; 19%2-62 2169050 0 (€ 0.0%) 0 ¢ 0.0%) 174892 ( 8 1%) 174892 ¢ 8.1%
DDT; Municipalities <2500; 1963-68 1704642 39256 ( 2.3%) 43514 ¢ 2.6%) 60940 ( 3.6%) 99426 ¢ 5.8%)
DDT, Towns, Villages 2500 up;

1963 &8 686028 6284 ( 0 9%) 6284 ( G.9%) 9457 ( 1.4%) 27727 ( 4.0%)
DD, Cities, 1963-68 1301430 0 ¢ 0.0%) 0¢0.0% 0 ¢ 0.0% 87346 ( 6.7%)
Organophosphates, Municipatitie,

<500; 1963-68 1704642 6858 ( 0 4%) 7198 ( 0.4% 8562 ( 0 5%) 13639 ¢ G.8%)
Ot ganophosphates; Towns, Villages

2500 up; 1963 68 686028 3173 ( D 5% 6346 ( 0.9%) 6346 ( 0.9%) 6346 ( 0.9%)
Otganophosphates; Cities,

1963-68 1301430 0 ( 0.0%) 0(0.0% 0 ¢ 0.0%) 0 ¢0.0%
Qrganoptiosphates, Mumicipatities

<2500; 1969-72 1136428 162054 (14.3%) 173981 (15.3%) 202000 (17.8%) 265148 (23.3%)
Ot ganophosphates; Towns,

Villages 2500 up; 1969-72 457352 75850 (16 6%) 80135 (17.5%) 114755 (25.1%) 144532 (31.6%)
Oiganephosphates, Crties,

1969-72 867620 0 00%) 0 ¢ 0.0%) 55767 ( 6.4%) SSTE7 ( 6.4%)
Orguanophtiaysphates, Mumicipalities

<2500; 1973 76 1136428 161725 (14.2%) 199645 (17.6%) 302787 (26 %) 456322 (40.0%)
Organopho sphates; Towns,

Villages 2500 up; 1973-76 457352 70770 (15.5%) 73984 (16.2%) 97508 (21.3%) 195511 (42.7%
Qi qanophosphates, Cirtaes;

1973 76 B67620 121530 (14.0%) 121530 (14.0%) 121530 (14.0%) 273523 (31.5%)

(1} person-years for 1977-80 population Living 1n areas exposed during the time periods indicated

() exposure was deemed to have occurred for settlement populations that were within these distances

from at teast 1 spray block

Source Based on spray data supplied by Forest Protection Ltd. and J.D. Irving Forestry Products Inc



basis of these distributions of person-years exposed, there
appears to be little reason for modifying the 1 kilometeor
cutoff criterion.

In the context of this study, person-yecars can be
deceiving insofar as a few analytical units can gencrate a
disproportionately large number of person-yeoars.
Consequently, the potential for substantial contounding 1
enhanced. Then, it is best to have risk estimites on
reasonably large numbers cf units. Table 4.3 presents the
cunulative exposure scores by formulation, type ol
municipality, period and cuteff. The overall conclusion:,
drawn from Table 4.2 are not changed by these data.
However, the dangers of interpreting person-year:s under
these conditions are highlighted by the 1.1% of total
person—years in column 2, row 2 for towns and vil lages that
is due to the exposure of only 2 towns or villages. 1t o1
alsn clear from Table 4.2 that exposure is highly

concentrated among settlements with less than 2500 persons,

Approximately one third of the New Brunuowick popul.ation
(31.1%) lives in cities. The concentration of population

within these 6 analytical units attributes large weights to
these points within a regressionrn model ard for rcasons
largely unknown, city populations, in general, have higheor
rates of cancer than rural areas [Fascal et al.,19608;Levin o
al.,1960;Teppo et al.,1984]. This indicatcs the operatyon

of undefined risk factors within these population:.
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Table 4.3 Spray Exposure Scores (1) by Formulation, Type of Municipality, Pervod, and D1 ffeorent
Exposure Defimitions (2)

Cumutative Scores for Exposures Within

0 to 0.5 Km. 0to 1.0 xm. O to 2.5 Km. 0 to 5.0 km

Formslation; Type of Mumcipality; Period

DDT; Municipalities <2500; 1952-62 85.2 95.5 1313 191.9
DDT; Towns, Villages 2500 up; 1952-62 1.0 2.0 3.0 80
D T; Cities; 1952-62 0.0 0.0 40 40
DDT; Municipalities <2500; 1963-68 376 41.8 59 4 93 2
DDT; Towns, Villages 2500 up; 1963-68 1.0 1.0 20 60
DDT; Cities; 1963-68 0.0 0.0 090 2.0
Organophosphates; Munmicipal ities <2500; 1963-68 6.7 6.9 80 13.9
Organophosphates; Towns, Villages 2500 up; 1963-68 1.0 2.0 20 2.0
Organophosphates; Cities; 1963-68 0.0 0.0 00 0.0
Organophosphates; Municipal ities <2500; 1969-72 145.6 156.0 179 8 257.5
Organophosphates; Towns, Villages 2500 up; 1969-72 13.0 14.0 19.0 25 0
Organophosphates; Cities; 1969-72 0.0 0.0 2.0 2.0
Organophosphates; Municipal ities <«2500; 1973-76 153.4 184.0 269 4 W04 %7
Organophosphates; Towns, Villages 2500 up; 1973-76 12 0 13.0 18.0 5 0
Organophosphates; Cities; 1973-76 3N 3.0 30 /0

(1) towns, villages, and cities received a score of 1 for each yrar that conformed to an erpours
definition; unincorporated places received a score equal to 1ts population divided by the
“known! population of the parish 1n which 1t was sttuated; these score. were acomulated oue
years within each formulation, type of municipality and peried category

(2) exposure was deemed to have occurred for settlement populations that were within thee dintance,
from at least 1 spray block

Source: Based on spray data supplied by Forest Protection Ltd. ard J D ltving Foreutry $rosducty L
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Several possible risk factors used in this study have
already been demonstrated to 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, aside from their possible contribution to the
precision with which zero and near-zero relative risks are
estimated. The si1ze of cities, however, and the particular
nature of their populations provides a basis for substantial
confounding. A large percentage of the non-city population
falls in the zero exposure category (Table 4.4) so that the
city populations are not needed to estimate risk at zero or
low exposures. Overall, the benefits to precision of
including cities seem to be outweighed by the danger of
bias. Therefore and henceforth, analysis is limited to the
non-city population of New Brunswick. This limitation also
extends to the calculation of expected numbers of cancers.

Table 4.4 contains information on the 1981 non-city New
Brunswick population by near-distance exposure scores and
settlement si1zes. The average near-distance exposure score

for the population living within settlements smaller than

31

2500 is 0.59 for DDT and 1.49 for organophosphate pesticides.

In other words this population, on average, was within 1 Xknm.
of at least one organophosphate spray block 2.53 times as

often as it was to a DDT spray block. The exclusion o.

e e



Table 4.4 1981 New Brunswick Non-City Population by CDT, Organophosphate Forestry Spray

Exposure (1) and Urban/Rural Residence

Populat ton

2500 or mote

Total Less than 2500

Spray Exposure Score

0ot
Total 100.0% (479705) 100.0% (365440) 100,02 (N46205)
Zero (0) 44,77 (214255) 32.5% (118695) 83 &7, (99H00)
Low (1 down to 0) 42.7% (204855) 50.9% (186150) 16 4% (18704)
Moderate (2 down to 1) 4.3% (20470) 5.6% (20470) 0.0% (0
High (3 down to 2} 3.7%4 (17580) 4.8%4 (175380) 0.0% ()
Very High (6 down to 3) 4. 7% (22545) 6.2% (22545) 0 0% (0)
Mean Municipality Score 0.55 (254) 0.59 (233) 0 14 (2N
Organophosphates
Total 100.0% (479705) 100 0% (365440) 100.0% (114264)
Zero (0) 14.2% (68285) 11.6% (42530) 22 5% (257%)
Low (1 down to 0) 31.9% (153095) 31.6% (115455) 32 T4 (51660)
Moderate (2 down to 1) 34.0% (162915) 34 6% (126620) LA VAR EIAL DY
High (3 down to 2) 12.6% (60340) 13 4% (48%30) 10 G4 (11410)
Very High (6 down to 3) 7.3% (35070) 8.74 (31905) 2.8% (5165)
Mean Munmicipality Score 1.48 (254) 1.49 (233 1.38 (1)

(1) based on 0-1 km. exposure defimtion with all exposure years combinecrd

Source: 1981 New Brunswick population {Stats Canada E-562,1982]
Spray data supplied by Forest Protection Ltd. and J.D. lrving Presuct, (td




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 to 83.63%
for large settlements.

A second set of exposure scores, medium-distance
indices, was developed separately for DDT and organo-
phosphates because 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. Also, the method
used for the calculation of medium-distance DDT scores was
different from that for organophosphates.

All DDT spray blocks within a radius of 5 kilometers
were used in the calculation of medium-distance spray
scores. A scorc was assigned to each settlement whose value
was calculated to lie on a straight line between 0 and 5
kilometers and whose range was 1 to 0. Thus, settlements
situated 5 kilometers (or more) from a spray block, received
a score of O whereas a settlement within a spray block
received a score of 1. The values were then accumulated
over spray blocks and years within municipalities.

The method of calculation of medium-distance scores for
organophosphate differed from that for DDT in that spray
blocks within a 10 kilometer, rather than 5 kilometer,
radius were used and scores calculated to vary with the

inverse exponent of distance. The scores were accumulated
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in the same fashion as DDT. The larger radius was used
because differences in spray methods caused organophosphatoe
sprays to drift further than DDT sprays.

DDT was used extensively in agriculture as well as in
forestry, and although fenitrothion, the most commonly used
organophosphate pesticide in forestry, has not been used in
commercial agriculture, many other similar compounds have
been used. Agriculture is carried out in cleared arcan
within New Brunswick, so one might expect population
exposure to agricultural pesticides to vary inversely with
exposure to forestry sprays. Table 4.5 supports this
premise. Agricultural activity is defined as the percentage
of land within consclidated municipalities that 15 under
cultivation. Consolidated municipality scores were applied
to all municipalities within their boundaries. This table
indicates that the percentage of population with exposurc to
DDT from forestry uses, defined by the 1 kilometer rule,
declines as the percentage of land in agricultural
increases. The tendency is most notable in terms of mcan
municipality scores. The association for organophosphates
is not so strong.

Table 4.6 indicates that predominantly Lknglich
communities are more highly exposed than predominantly

French communities.



Table 4.5

and Agricultural Activity r2) Quartiles (3)
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1981 New Brunswick Non-City Population by DDT, Organophosphate Forestry Spray Expasure (1)

Popultation by Agricultural Activity

Total Quartite 1 Quartile 2 Quartile 3 Quartile &4

Spray Exposur? Score
Dot

Total 100.0% (479705) 100.0% (107590) 100.0% (115120) 100.0% (117125) 100.0% (139870)
2eto (0) 44,74 (214255)  3B.1% (40995) 34.0% (39125) 46 5% (54430) 57.0% (79705)
Low (1 down to 0) 42.7% (204855)  38.6% (41495) S53.7% (61860) 39.7% (46545) 39.3% (54955)
Moderate (2 down to 1) 4.3% (20470) 5.6% (6055) 4% (L730) 6 3% (7370) 1.7% (2315)
High (3 down to 2) 3.7% (17580) 10.3% (11050) 0.0% (0) 4.2% (4885) 1.2% (1645)
Very High (6 down to 3) 4.7% (22545) 7.4% (7995) 8.2% (9405) 3 3% (3855 0.94 (1250)
Mean Mumicipality Score  0.55 (254) 0.84 (64) 0.60 (63) 0.54 (63) 0.23 (64)
0t ganophosphates
Total 100.0% (479705) 100.0% (107590) 100.0% (115120) 100.0% (117125) 100.0% (139870)
Zero (0) 14 2% (68285) 9.2% (9895) 17.7%4 (20375)  22.5% (26295) 8.4% (11720
Low (1 down to 0) 31.9% (153095)  33.3% (35845) 34.0% (39095)  31.1% (36420) 29.8% (41735)
Modetrate (2 down to 1) 34.0% (162915)  26.9% (28990) 31.3% (36025)  31.9% (37410) 43.2% (60490)
High (3 down to 2) 12.6% (60340) 15.4% (16615) 7.1% (8130) 11.8% (13810) 15.6% (21785)
Very High (6 down to 3) 7.3% (35070) 15.1% (16245)  10.0% (11495) 2.7% (3190) 3.0% (4160)
Mean Municaipality Score 1.48 (254) 1.72 (64) 1.462 (63) 132 (63) 1.66 (t4)

QD)
(2

municipalities within their Limts

(3

based on 0-1 km. exposure definition with all exposure years combined
percentage of land under cultivation by consolidated census subdivision applied to all

quartiles were calculated by ranking values and estaLlishing class boundaries

to provide about 25% of the 254 munmicpalities 1n each of &4 classes; quartile 1 is low

Source:

Spray data supplied by forest Protection Ltd. ond J.D.
Agracultural Activity data obtained from 1981 Census of Agriculture.

1981 New Brunswick non-city population (Stats Canada £-574,19837.
Irving Inc.
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Table 4.6 1981 New Brunswick Non-City Population by DDT, Organophosphate forestry
Spray Exposure (1) and Language/Culture (2)

Population Predomnantty

Total French Engt sh

Spray Exposure Score

DDT
Total 100.0% (479705) 100.0% (184830) 1 o (DV68Y)
Zero (0) b4, 7% (214255) 50.1% (92645) L1 0% (1216010)
Low (1 down to u) 42.74 (204855) &7.74 (BB150) 39 6% (11670Y)
Moderate (2 down to 1) 4.3% (20470) 2.2% (4085) 5 6% (1638h)
High (3 down to 2) 3.7% (17580) 0.0% (D) 60, (1M
Very High (6 down to 3) 4. 7% (22545) 0.0% (0) 7 6% (2004
Mean Municipality Score 0.55 (254) 0.17 (8% O (17
Organophosphates
Total 100.0% (479705) 100.0% (184880) 100 0a (Sl h)
Zero (0) 14.2% (68285) 17.0% (31380) 12 54 (56490Y)
Low (1 down to 0) 31.9% (153095) 46.2% (85350) 24 U% (6774
Moderate (2 down to 1) 34.0% (162915) 32.9% (60905) Y b4 (102030
High (3 down to 2) 12.6% (60340) 3.9% (724%) WG4 (5509
Very High (6 down to 3) 7.3% (35070) 0.0% (0) 11 9% (350/700)
Mean Municipality Score 1.48 (254) 0.97 (83) 173 (/70

(1) based on 0-1 km exposure definition with all esposure year, combined
(2) greater than 50% of municipal population

Source: 1981 New Brunswick non-city population [Stuats Canada €£-574,1983)
Spray data supplied by Forest Protection Ltd and J.D. frving Inc



Table 4.7 shows that as educational attainment
increases, forestry exposure to either DDT or organo-
phosphate exposure decreases. Table 4.8 shows that the
incidence of low-income increases with organophosphate
exposure, and slightly less consistentiy for DDT exposure,
and is therefore concistent with the findings for urban/
rural residence and educational attainment.

There appears to be a necative association between
migration and DDT exposure, and a positive association

between migration and organophosphate exposure (Table 4.9).

I111. CANCFER INCIDENCE; NEW BRUNSWICK TUMOUR REGISTRY DATA

Data on new cases of cancer for the period 1977-1980
was supplied by the New Brunswick Tumour Registry. Table
4.10 shows the distribution of the 12,288 cases received by
their 3 digit topographical label. Cases for the 1977-1978
period were classified according to the eighth revision of
the 1nternational Classification of Diseases (ICD-8); the
9th revision was used during 1979-1980. Sites were
regrouped in all cases where topographic codes for the sare
site differed between versions. These differences were
ldentified using a conversion table supplied by D. Wigle
(5ce Appendix II). The site labels used in Table 4.10 are
predominantly but not exclusively those of version 9 of the
[CD. The unmodified term "bladder" refers uniformly to the

urinary bladder; gallbladder is always so specified.
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Table 4.7 1981 New Brunswick Non-City Population 15 Years and Over by DDT, 0rganophosphate Foiestiy

Spray Exposure (1) and Educational Attairment (2) Quartiles (3)

Population 15 Years and Over Within bducational At tarmment

Total Quartile 1 Quartile 2 Quartile 3 Quutile «

Spray Exposure Score
DOT

Total 100.0% (351685) 100.0% (73400) 100.0% (81400) 100 04 (80M%) 100 ¢, (1L he )
Zero (0) 45.3% (159380)  22.3% (163%90)  30.5% (26830) 42 3% (33995) 72 04 (BA1eY)
Low (1 down to 0) 42.2% (1648645) 55 0% (40340)  SO.774 (4B610) 45 0% (3600%) 20 1% (25.00)
Moderate (2 down to 1) 4. 2% (14865) 7.7% (5640) 6.8% (5575) 454 (3650) 0ul
High (3 down 2) 3.5% (12395) 6 8% (4975) T 5% (12.0) 110 (8. PR TR AT
Very High (6 down to 3) 4. 7% (16600) 8.2% (6055) 1.4% (1149) 7 1% (e LS G VA
Mean Municipality Score 0.55 (254) 0.76 (64) 0.54 (63) 050 (6%) 0 4l (tu)
Organophosphates
Total 100.0% (351685) 100.0% (73400) 100.0% (81460 100 0/ (BOL99) 100 0 (112" .10
Zero (0) 14 .4% (50780) 6.1% (6470) S.9%4 (4E3u) 25 67 C1B9A0) 19 34 (20N 7)
Low (1 down to 0) 32.%% (112720)  30.1% (22125)  38.9% (3140 2% 34 (20430 34 V4 (M)
Moderate (2 down to 1) 33.7% (118440)  41.6% (30540) 37 9% (30870) 26 Br (21510 MY S
High (3 down to 2) 12.5% (43915) 9 7% (7150) 10.4% (85041) 1% me (1271 14 40 )
Very High (6 dewn to 3) 7.3% (25830) 12.4% (911%) 6,84 (9579) 847 (LR S0 L,
Mean Municipality Score 1.48 (254) 157 (64) 168 (63) TR (L) U

(1) based on 0-1 km. exposure defimition with all erposure years combined

(2) proportion of persons who attended university in the total populetion 15 or older

(3) quartiles were calculated by ranking values and establishing claus besredsr v,

to provide about 25% of the 254 municipalities in each of 4 clasuen, quartite 1, tow

Source:

Spray data supplied by Foreut Protection Ltd

1981 New Brunswick non city population [Stats Canada E-S574,1%83)

and J.D lrving Inc



Table 4.8

Spray Exposure (1) and Incidence of Low-Income (2) Quartiles (3)

1981 New Brunswick Non-City Population by DDT, Organophosphate forestry

89

Poputlation Within Incidence of Low-1ncome

Total Quartile Quartile 2 Quartile 3 Quartile &

Sprar Exposure Score
ooT

Total 100.0% (479705) 100.0% (131395) 100.0% (135070) 100 0% (125695) 100.0% (87545)
2ero (0) b 7% (214255)  47.1% (61830)  60.9% (B2325)  33.7% (42350)  31.7% (27750)
Low (1 down to 0) 62.7%4 (204855)  40.7% (53475) 33.2%4 (44825)  51.2% (64410)  48.1% (4275)
Moderate (2 down to 1) 4.3% (20470) 4.0% ¢5300) 0.0% (0) 4.0% (4970) 11.7% (10200)
High (3 down to 2) 3.7% (17580) 7.9% (10355) 1.3% (1750) 3.0% (3830) 1.9% (1645)
Very High (6 down to 3) 4. 7% (22545) 0.3% (435) 4.6% (6170) 8.1% (10135) 6 6% (58205)
Mean Municipality Score 0.55 (254) 0.50 (64) 0.35 (63) 0.65 (63) G.70 (¢4
01 ganophosphates
Totat 100.0% (479705) 100.0% ¢131395) 100.0% (135070) 100.0% (125695) 100.0% (87545)
2ero (0) 14.2% (68285) 17.6% (23095) 15.9% (21475) 9.3% (11640) 13.8% (12075)
Low (1 down to 0) 31.9% (153095)  32.9% (43245) 37.9% (51245)  29.2% (36735)  25.0% (21870)
Moderate (2 down to 1) 34.0% (162915)  32.5% (42715) 30.5% (41230)  33.3% (41820)  42.4% (37150
High (3 down to 2) 12.6% (60340) 12.3% (16130) 6.8% (9165) 20.9% (26225) 10.1% (8820)
Very High (6 down to 3) 7.3% (35070) 4.7% (6210) 8.9% (11955) 7.6% (9275) 8.7% (7630)
Mean Municipality Score 1.48 (254) 1.36 (64) 1.41 (63) 1.54 (63) 1.61 (64)

(@)
)

of residence by at least 20%

»

based on 0-1 km. exposure definition with all exposure years combined

expenditures for food, clothing, ard shelter exceed the average level for the region

quartiles were calculated by ranking values and establishing class boundaries

to provide about 25% of the 256 mumcipalities 1n each of 4 classes; quartile 1 1s low

Source

Spray data supplied by Forest Protection Ltd. and J.D.

1981 New Brunswick non-city population [Stats Canada E-574,1983]
Irving inc.

ity v =



Table 4.9

Spray Exposure (1) and Migration (2) Quartiles (5)

1981 New Brunswick Non-City Population by DDT, Organcphosphate Forestry

Population Within Migration

o

Quiar Lrle

[ RAILAT IR TR

122070y 100

Total Quartile 1 Quartiie 2 Quartile 3

Spray gxposure Score
pov

Total §00.0% (&79705) 100 0% (111355) 100.0% (11568%) 140 0%
Zero (0) G4, Th (214255) 35 3% (39325) 34.0% (39365) 47 1% (574670)
Low (1 down to 0) 42. 7% (204855) 45.6% (S0765)  52.1% (60275 L8 (BT8R
Moderate (2 down to 1) 4.3% (20470) 10.5% (11700) 2.5% (2900) To6n (1920
High (3 down to 2) 3.7% (17580) 00% (W c.8% (3v0) 1L (v
Very High (6 down to 3) 4,74 (22545) 8 6% (9565) 8 6% (90Y) 2 Ha (B0EY)
Mean Municipality Score 0 55 (254) 0 66 (64) 0.75 (6% U4 (6%
Organophosphates
Total 100.0% (479705) 100 0% (111355) 100.0% (11568%) 100 0%
Zero {0) 14 2% (48289) 19 8% (22100) 9.0% (10405) 6 1L (1651))
tow (1 down to 0) 31.9%4 (153095) 26.95% (29510)  3B.9% (449ED) &Y 34 (h0aG)
Moderate (2 down to 1) 34 0% (162915) 38 4% (42755) 3447 (39845) W) Th (L912%)
High (3 down to 2) 12.67% (60340) 7.5% (8385) 9 8% (11350) 6 0% (75060)
Very High (6 down to 3) 7 3% (35070) 7.7% (B605) 7.97% (910%) 9 94 (7189)
Mean Mumicipality Score 1.48 (254) 136 (64) 1.40 (63) 146 (635)

QD)
2
3

based on 0-1 km. exposure defimtion with all exsposure years combined
persons living 1n a differcnt mumicipatity 1n 1981 from that in 1774

quartiles were calculated by ranking values and establishing clasy nourdaties

21

21

to provide about 25% of the 254 mumicipalities 1n each of & clasvser; ruartite 1 0 low

Source:

Spray data supplied by Forest Protection Ltd. and J D.

1981 New Brunswick non-city population {Stats Canada E-574,1984)
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Table 4.10 MNew Brunswick (N.B.) Tumour Registry Cases by Site (1) and Disposition, 1977-1980

New Brunswick Cases

Not N.B Cases N.B. Parishes, Towns
or Missing Coded Cities and vilitages
Atl Cases Geographic Code Unknown
Site (I1CD-9)
All Sites 12288 272 21 4696 729
Benign 24 1 0 1" 12
gone & Articular Coartilage 36 0 0 14 22
Brain & Other Nervous System 197 5 0 64 128
Breast 1017 26 1 425 565
Coton 915 20 1 361 533
Connective & Other Soft Tissue 7 2 0 29 46
Eye 25 1 0 6 18
Female Genital 1156 24 1 451 680
Gal tbtadder 63 5 0 20 18
Hematopotletic & Reticuloendothelial System 215 9 0 82 12
Hypopharynx 13 1 0 5 7
IL-Defined Concer 363 10 0 1464 209
Lat ynx 103 5 1 37 60
Lip n"r 1 0 25 9
Lver 49 3 0 18 28
Lymphatic & Hematoporetic Tissue 322 10 0 129 183
Melanoma of the skin 68 1 0 3 36
Mouth 52 1 0 23 28
Nasal, Middle Car, Sinuses 18 0] 0 5 13
Nasophar ynx 17 1 0 3 13
Neoplowm of Unspectfied Nature of Uterus 564 7 2 248 307
Not Cancer 8 1 0 3 4
Oesophagus 70 0 0 30 40
Orophat ynx 30 0 0 17 13
Other & 1Ll Def. Lip, Oral Cavity & Pharynx 1 0 0 0 1
Other and 114 Def. Digest. Organs & Perit. 25 2 0 8 15
Other tixdocrine and Related 14 0 0 5 9
Pancr cas 258 3 2 86 167
Pents & Other Male Gemital Organs 16 0 0 9 7
Prostate 697 25 1 229 442
Rectum, RS Junction and Anus 445 15 1 166 263
Retroper 1 toneun & Peritoneum 15 0 0 6 9
Salivary Glands 33 1 0 10 22
skin Other 2963 45 8 1112 1798
small Intestine 20 0 0 9 "
Stomach 415 6 1 135 273
Testes 32 0 0 17 15
Thyrord Gland 7 0 0 28 49
Tongue 28 0 0 13 15
Trachea, Bionchus, Lung, Pleura, Thymus 1129 27 1 433 668
Urinary 601 14 1 249 337

(1) 1CD-8 was used for 1977-78 and ICD-9 for 1979-80; sites were grouped where necessary to

ensure compatiby lity
Source. New Brunswick Tumour Registry (1977-1980)



0f the 12,016 New Brunswick cases, only .17% (N=21)
could not be situated geographically within the province.

Not all of the cases received from the registry
pertained to malignant tumours. All cases in which ecither
the topographic code or the morpholegic behaviour sub-code
indicated a non-malignant neoplasm were excluded. The
effects of these exclusions for each site are listed in
Table 4.11. As discussed earlier under "Spray Exposurc',
only non-city populations will be analysed.

Notable among the exclusions are those for ferale
genital tract, unspecified uterus, and "other" skii. O0f the
613 combined exclusions from female genital and neoplasms ot
unspecified nature of the uterus, 608 were carcinoma in situ
of the cervix uteri and the remaining 5 were classified as
benign within the ICD-8 general rubric for malignant
neoplasm of genitourinary organs (180-189). The signific-
ance of a 4.6% (N=83) rate of exclusion for tumours of the
category "skin other", and with benign behaviour is
difficult to assess.

Finally, a system for the classification of cancer
cases involving morphology and topography was used to
regroup cancer cases into an exhaustive set of mutually
exclusive classes. The new site classification is listed in
Table 4.12. The categories: brain, leukemia, lymphoma, and
sarcoma are based predominantly but not exclusively on

morphology using the following ICD-0O codes:



Table 4.11 1977-1980 New Brunswick Non-City Tumour Registry Cases; Regrouped by
Site and Status (1)

Yotal Excluded Retained
Site
Atl Sirtes 7299 772 6527
Benign 12 12 0
Bone & Articular Cartilage 22 4 18
Brain and Other Nervous System 128 2 126
Breast 565 1 554
Colon 533 3 530
Comnective & Other Soft Tissue 46 3 43
Eye 18 2 16
Female Genital 680 309 in
Gallbladder 38 0 38
Hematopotetic & Reticuloendothelial System 124 1 123
Hypopharynx 7 0 7
1LL-Defined Cancer 209 P4 207
Ltarynx 60 2 58
Lip 91 3 88
Liver 28 0 28
Lymphatic & Hematopoietic Tissue 183 0 183
Melanoma of the Skin 36 1 35
Mouth 28 2 26
Nasal, Middle Ear, Sinuses 13 0 13
Nasopharynx 13 1 12
Neoplasm of Unspecified Nature of Uterus 307 304 3
Not Cancer 4 4 0
Oesophagus 40 0 40
Orophar ynx 13 o} 13
Other & 1Ll Def. Lap, Oral Cavity & Pharynx 1 0 1
Other and 101 Def. Digest. Organs & Perit. 15 0 15
Other Endocrine and Related 9 5 4
Pancreas 167 2 165
Pemis & Other Male Genital Organs 7 2 5
Prostate 442 0 442
Rectun, RS Junction and Anus 263 4 259
Retroperitoneum § Per toneun 9 0 9
Salivary Glands 22 2 20
Skan Other 1798 83 1715
Small Intestine k! 0 1"
Stomach 273 2 2n
Testes 15 o] 15
Thyrowd Gland 49 1 48
Tongue 15 2 13
Trachea, Bronchus, Lung, Pleura, Thymus 668 1 667
urinary 337 2 335

(1) cases were excluded 1f erther their behaviour was classified as non-mal ignant
or their topographic code was not a cancer code
Source: New Brunswick Tumour Registry (1977-1980)




Table 4.12 1977-1980 New Brunswick Non-City Tumour Registry Cases; Regrouped (1) by Site

and Microscopic Confirmation

Microscopically Non-Microscopically
Site Total Confirmed Confirmed
All Sites 6527 5741 786
Bladder, Kidney, and Other Urinary Organs 333 310 23
Breast 552 523 29
Endocrine 50 44 6
Eye 14 13 1
Female Genital (incl. uterus/unspecified) 363 345 18
Gal lbladder 38 n 7
Itl-Defined Cancer 161 94 67
Intestine (small and large) 537 456 81
Larynx 58 54 4
Liver 28 17 n
Male Genital (incl. prostate) 448 397 51
Mouth and Pharynx 146 140 6
Not Cancer 21 20 1
Oesophagus 8 33 5
Pancreas 165 85 80
Rectum, RS Juncticn and Anus 259 247 12
Respyratory and Intrathoracic Organs 657 510 147
Salivary Glands 18 17 1
Skin (melanotic and other) 1748 1718 30
Stomach 267 210 57
Brain 128 91 37
Leukemi a 166 84 ez
Lymphoma 217 198 19
Sarcoma 115 104 "

(1) cases were regrouped according to morphology,

Source: New Brunswick Tumour Registry (1977-1980)

behaviour, and topography
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- Brain (M935-M957) ;
~ Leukemia (M980~-M998) ;
- Lymphoma (M9%58-M975) ;
- Sarcoma (M880-M89%, 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
morphologic code that were topographically coded as brain or
other nervous system (ICD-9=191-192). Sixty-two cases
within the leukemias are also without morphology but were
coded topographically as leukemias (ICD-9=203-208). Within
the lymphomas 11 are missing morphology with topographic
codes indicating lymphoma (ICD-9=200-202). Finally, only
three of the sarcomas were without morphologic coding and
these fell topographically within the bone and connective
tissue tumours (ICD-9=170-171). All other cases were
classified strictly on the basis of topographical coding.
Appendix VIII lists the topographic codes for those sites
regrouped solely on the basis of topography.

A1l remaining malignancies (N=6527) were analyzed
regardless of whether they were microscopically confirmed.
While there may well be some 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 all neoplasms not
confirmed microscopically. Table 4.12 shows considerable

variation with respect to the percentage of cases

95



ap

microscopically confirmed, and for several sites these are
numerous enough to warrant further attention. These are:

- Gallbladder:; 18%
- Liver; 39%

-~ Pancreas; 48%

~ Respiratory:; 22%
~ Stomach:; 21%

- Brain; 29%

- Leukemia 49%

Microscopically confirmed cases for the above sites arc
analyzed separately to determine whether the results ditter.
Melanotic skin cancers were also differentiated and

examined separately as they are less subject to reporting

bias than "other" skin cancers.

IV. STANDARDIZED INCIDENCE RATIOS (SIR'S)

Standardized Incidence Ratios were calculated using the
6,527 non-city cases and population of New Brunswick. Table
4.13 is the first of a series of tables that examines the
ratios of observed to expected values for each grouping ot
sites by each study variable.

It appears that residence in predominantly Ingli1ch
municipalities increases cancer risk to a variable degrece,
and up to as much as a factor of more than 3 for eye and
oesophagus. Both eye and cesophagus are, however, amonfg
those sites with the fewest number of cases reported within
the predominantly French municipalities. lNotable exception:s

to this trend are: larynx, pancreas, salivary glands, and

5F
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Toble 4.13 Ratio of Observed to Expected By Site and Language/Culture (1)

Ohserved/Expected (observed) Risk Ratio
Predominantly Predomnantly Corfidence Interval
French English English/French (LCL,UCL)
Site
ALL Sites 0.82 (1927) 1.10 (4600) 1.35 (1.28 - 1.42)
Bladder ,K1dney, and Other Urinary Organs 0.74 (89) 1.15 (264) 1.56 (1.22 - 1.99)
Breast 0.92 (180) 1.04 (372) 1.13 (0.95 - 1.35)
Endocrine 0.54 (10) 1.27 (40) 2.37 (1.19 - 4.74)
Eye 0.39 (2) 1.35 (12) 3.43 0.78 - 15.10)
Female Gemtal (incl. uterus/unspecified) 0.80 (103) 1.11 (260) 1.40 (.1 - L7
Gal tbladder 0.60 (8) 1.22 (30) 2.04 (0.94 - 4.,43)
[t-Defined Cancer 0.97 (56) 1.02 (109) 1.05 (0.76 - 1.45)
Intestine (smatl and targe) 0.92 (176) 1.05 (361) 1.14 (0.95 - 1.36)
Larynx 1.18 (25) 0.90 (33) 0.76 (0.45 - 1.27)
Liver 0.89 (9 1.06 (19) 1.20 (0.54 - 2.64)
Male Genital (incl. prostate) 0.81 (134) 1.1 (314 1.37 (1.12 - 1.68)
Mouth and Pharynx 0.98 (52) 1.01 (94) 1.04 €0.74 - 1.46)
Nasal, Middle Ear, Sinuses, Nasopharynx 0.66 (5) 1.20 (16) 1.82 (0.68 - 4.91)
Ocsophagus 0.44 (&) 1.32 (32) 3.01 (.27 - 7.13)
Pancreas 1.18 (70) 0.90 (95) 0.76 (0.55 - 1.03)
Rectum, RS Junction and Anus 0.86 (80) 1.08 (179) 1.26 (0.97 - 1.64)
Respiratory and Intrathorac)c Organs 0.96 (229) 1.02 (428) 1.07 (0.91 - 1.26)
Sativary Glands 1.23 (8) 0.87 (10) 0.7 (0.28 - 1.80)
Skin (melanotic and other) 0.55 (349} 1.25 (1399 2.27 (2.02 - 2.55)
Stomach 1.16 (111) 0.91 (156) 0.79 (0.62 - 1.0M)
Brain 1.05 (50) 0.97 (78) 0.92 0.64 - 1.31)
Leukem a 0.97 (59 1.02 (107) 1.05 €0.77 - 1.45)
Lywphoma 0 98 (78) 1.0 (139) 1.03 (0.78 - 1.36)
Sat coma (.89 (38) 1.06 (77) 1.19 (0.81 - 1.7

(1) greater than 50% of municipal population

Source* New Brunswick Tumour Registry 1977-80
1981 New Brunswick non-city population {Stats Canada £-562,1982]




stomach, for which risk is higher in predominantly French
municipalities than in English municipalities. None of
these sites, however, have confidence intervals that exclude
1.0.

Despite the exclusion of cities from the analysis,
urban/rural residence remains a risk factor tor the majority
of sites (Table 4.14) although, aside from all sites
combined, only breast, nasal, middle ear, sinuses,
nasopharynx, and skin have confidence limits that exclude
1.0. Oesophagus, pancreas, salivary glands, and stomach aroe
the exceptions to this trend.

Trends within educational attainment are present for a
number of sites of cancer (Table 4.15). Aside from all
sites combined, bladder, kidney, or other urinary organ:,
endocirine, gallbladder, intestine, male genital, and skin
appear to he associated with educational attainment. All of
these sites with the exception of endocrine have confidence
limits for upper quartiles relative to the lowest quartilcs
that exclude 1.0. These are:

- Bladder, kidney, and other urinary organs;
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 incidence of
low-income except for neqgative associations betwecen upray

exposure and gallbladder and intestine (Table 4.16).
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Table 4.14 Rati12 of Observed to Expected By Site and Urban/Rural Residence

Observed/Expected (observed) Risk Ratio

Population Poput ation Confidence Interval

Less than 2500 2500 or more =>2500/<2500 (LCL,ucL)

Site

All Sites 0.97 (4B64) 1.10 (1663) 1.1 (1.08 - 1.20)
Bladder, Kidney, and Other Urinary Organs 0.97 (251) 1.09 (82) 1.12 (0.87 - 1.43)
Breast 0.94 (387) 1.19 (165} 1.27 (1.06 - 1.53)
Endocrine 0.88 (33) 1.38 (17) 1.58 (0.88 - 2.8%)
Eye 1.02 (1) 0.95 (3) 0.93 (0.26 - 3.3%
Female Genital (incl. uterus/unspecified) 1.02 (278) 0.94 (85) 0.92 (0.72 - 1.17)
Gallbladder 0.9 (27) 1.20 (1) 1.28 (0.63 - 237
Ilt-Defined Cancer 1.01 (125) 0.96 (36) 0.95 (0.65 - 13N
Intestine (small and large) 0.95 (392) 1.15 (145) 1.20 (1.00 - 1.46)
Larynx 0.86 (39) 1.48 (19) 1.7 (099 - 2.96)
Liver 0.97 (21) 1.11 (7)) 1.14 (049 - 2.68)
Male Genital (incl. prostate) 0 56 (340) 1.16 (108) 1.21 (0.97 - 1.5
Mouth and Pharynx 1.02 (116) 0.94 (30) 0.92 (062 - 138
Nasal, Middle Ear, Sinuses, Nasopharynx 075 (1) 1.83 (9 2.45 (1.03 - 5.82)
Oewophagus 1.08 (32) 0.71 (6) 0.66 €0.27 - 1.57)
Pancreas 1.06 (135) 0.79 (30) 0.74 (0,50 - 1.10)
Rectum, RS Junction and Anus 0.96 (192) 1.12 (67) 1.17 (0.88 - 1.50)
Respiratory and Intrathoracic Organs 0.98 (501) 1.09 (156) 1.1 (0,93 - 1.33)
Salvary Glands 1.08 (15) 0.72 (3) 0.67 0.19 - 2 30)
skin (melanotic and other) 0.96 (1266) 1.19 (482) 1.27 (116 - 14D
Stomach 1.03 (213) 0.89 (54) 0.8 (0.64 - 1.1
Brain 1.03 (101) 0.91 (27) 0.89 (0.58 - 1.38)
Leukema 1.00 (128) 0.99 (38) 0.98 (069 - 1.41)
Lywphoma 0.97 (161) 1.10 (56) 1.1 (0.8 - 1,55
Sar comd 1.01 (88) 0.98 (27) 0.98 (0.63 - 1.50)

Source. New Brunswick Tumour Registry 1977-80




Table 4.15 Ratio of Observed to Expected By Site and Educational Attarrment (1) Quartiles (2)

10

Observed/Expected (obser ved)

Quartite 1 Quartile 2 Quartile 3 Quartile «
Site

All Sites 0.84 (1156) 0.8% (1340) 1.00 (1478) 1,17 (2N3)
Bladder, Kidney, and Other Urinary Organs  0.64 (45) 1.01 (78) 111 (80 115 (1)
Breast 0.80 (88) 1.00 (122) 0.99 (123) 112 (1)
Endocrine 0.79 (8) 0.79 () 0.88 (1) 1.34 (2D
Eye 101 (3 1.23 (&) 031 () 1.32 (¢
Female Genital (incl. uterus/unspecified) 0.68 (49) 1.03 (83) 1.16 (95%) 106 (Vi)
Gal lbladder 0.39 (3> 0 59 (M Y8 am T Co
1tl-Defined Cancer 092 (31 0.79 (29 121 (44) 105 (%9
Intestine (small and large) 0.78 (87) 0.94 (115) 098 (118) 112 (219
Larynx 1.12 (14) 0.59 (8) 112 (%) 1.6 ()
Liver 0.84 (5) 0.46 (3) 144 (?) .18 an
Male Gemital (incl. prostate) 0.82 (81) 0.76 (8 1.08 (V1) 12N (1)
Mouth and Pharynx 1.11 (35) 0.87 (30) 0 85 (e8) 1 14 (%))
Nasal, Middle Ear, Sinuses, Nasopharynx 0.68 (3) 0.42 (2) 146 (/) 1029 ()
Cesophagus 1.10 (%) 1.02 (9) 103 () 0 89 (1)
Pancreas 1 04 (36) 1.06 (40) 081 (50 1.06 (5
Rectum, RS Junction and Anus 1.01 (55) 0.89 (53 095 (56) 1 (99)
Respiratory and Intrathoracic Organs 0.93 (133 0.88 (13¢) 110 (V67) 106 (2’1
Salivary Glands 1.32 (5) 1 44 (6) 074 (3 0 64 (L)
Skin (melanotic and other) 0.80 (292) 0.81 (326) 089 (551) 1.34 (/1)
Stomach 1.05 (59) 0 94 (58) 116 (74) 0oy (i,
Brain 0 80 & 1.08 (32) 1.02 (30) 146, (44
Leukem a 1.11 (39 0 73 (28) 08¢ (55) VUt
L. ymphoma 075 (34) 1.16 (58) 071 (45) 111 ()
Sarcoma 0.84 (20) 0.91 (24) 111 (29) 1 9% (W)

(1) proportion of persons who attended umiversity 1n the total population 15 or older
(2) quartiles were calculated by ranking values and establishing class baundaries
to provide about 25% of the 254 municipalities 1n each of & clavses, quartite 1 1o low

Source: New Brunswick Tumour Registry 1977-80



Table 4 16 Ratio of Observed to Expected Cases By Site and Incidence of Low-Income Quartiles
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Observed/Expected (observed)

Quartile 1 Quartile 2 Quartile 3 Quartile 4
Site

AlL Sttes 1.15 (1753) 1.01 (1954) 0.94 (1731) 0.91 (1089)
Bladder, Kidney, and Other Urinary Qrgans  1.24 (95) 1.00 (98) 0.84 (80) 0.96 (60)
Breanst 1.02 (139) 1.02 (167) 1.04 (160) 0.88 (86
endocrine 1.13 (15) 0.82 (12) 1.13 (15) 0.91 (8)
Eye 1.85 (6) 0.24 (M) 1.00 (&) 1.1 (D)
funale Gemtal (incl. uterus/unspecified) 1.16 (104) 0.90 (97> 1.05 (106) 0.87 (S56)
Gal Lbtadder 1.62 (14) 1.23 (14) 9.81 (9 0.1 (1)
11l -Defined Cancer 0.73 (27) 1.26 (60) 0.89 (41) 1.13 (33)
Intestine (small and large) 1.18 (145) 1.06 (169) 0.92 (162) 0821 (8D
Larynx 0.43 (&) 1.36 (23) 1.05 (17) 1.05 (12)
Liver 1.78 (1) 0.60 (5) 0.98 (8) 07 ()
Mate Gemtal (inct. prostate) 1.38 (132) 1.08 (142) 0.79 (105) 0 78 (6%)
Mouth and Pharynx 1.10 (37) 0.94 (40) 0.89 (37) 1.16 (32)
Nasal, Middle Ear, Sinuses, Nasopharynx 0.58 (3) 1.14 (7) 1.55 (M 0.51 (2
Ocesophagus 1.17 (10) 0.99 (11) 0.63 (7) 1.38 (10)
Pancreas 1.11 6N 1.00 (49) 0.79 (38) 1.20 (37)
Rectum, RS Junction and Anus 1.08 (65) 0.946 (72) 0.87 (64) 1.20 (58)
Respiratory and Intrathoracic Organs 1.11 (167) 1.04 (201) 0.88 (166) 0.98 (123)
Salivary Glands 0.98 (4) 0.93 (5) 1.16 (6) 0.88 (3)
Skin (melanotic and other) 1.22 (502) 1.02 (527) 0.97 (482) 0.73 (237)
Stomach 1.04 (63) 1.06 (84) 0.81 (63 114 (57)
Brawn 0.95 (31 1.03 (38) 0.95 (33) 1.C9 (26)
Leukemia 1.06 (62) 1.05 (51) 0.72 (34) 1.26 (39)
Lymphoina 1.11 (59 0.93 (59 1.04 (63) 0.90 (36)
Sar coma 1.20 (3% 0.66 (22) 1.34 (42) 0.76 (16)

(1) experditures for food, clothing, and shelter exceed the average level for the region of

residence by at least 20%

(2) quartiles were calculated by ranking values and establishing class boundaries

to provide about 25% of the 254 mumicipalities 1n each of 4 classes; gquartile 1 1s low

Source  New Brunwwick Tumour Regrstry 1977-80



100
Endocrine, gallbladder, and liver cancers are positively
associated with migration (Table 4.17).

Table 4.18 indicates that the cancer rates do not
appear to be associated with level of agricultural activity
within New Brunswick. Agricultural activity, defined as the
percentage of a municipality's area that is under
cultivation, is represented in this table as 4 broad ordinal
classes.

No consistent trends in cancer rates are apparent tor
either DDT or organophosphate forestry pesticide exposure
(Tables 4.19 and 4.20). With the exception of all siteu
combined for both DDT and organophosphates, and of

respiratory tract for organophocsphates, none ot the

confidence intervals for the highest score cateqgory relative
to the lowest excluded 1.0. The confidence interval tor
DDT, all sites combined was: .76 - .96; for organophos-
phates, all sites combined: .74 - .90; and for organo-

phosphates, respiratory: .46 - ,49.



Table 4.17 Ratio of Observed to Expected By Site and Migration (1) Quartiles (2)
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Observed/Expected (observed)

Quartile 1 Quartile 2 Quartile 3 Quartile 4
Site

All Sites 1.03 (1522) 0.82 (1346) 1.07 (1974) 1.08 (1685)
Bladder, Kidney, and Other Urinary Organs 0.97 (73) 0.81 (68) 1.03 (97) 1.21 (9%
Breast 1.05 (128) 0.84 (112) 1.02 (161) 1.09 (151)
Endocrine 0.54 (6) 0.67 (8) 0.96 (13) 1.72 (23)
Eye 1.26 (4) 0.56 (2) 1.01 (4) 1.21 (&)
Female Genttal (incl. uterus/unspecified) 1.12 (90) 0.87 (76) 1.06 (110) 0.95 (87)
Gallbladder 0.48 (4) 0.85 (8) 1.07 (12) 1.56 (14)
1LL-Defined Cancer 1.00 (36 1.09 (44) 0 97 (45) 0.94 (36)
Intestine (small and large) 1.02 (122) 0.83 (112) 1.06 (165) 1.09 (138)
Larynx 1.35 (18 0.68 (10) 1.06 (17) 0.93 (13)
Liver 0.48 (3) 0.98 () 0.99 (8) 1.54 (10)
Male Genmital (incl. prostate) 1.10 (114) 0.66 (78) 111 (147) 1.15 (115)
Mouth and Pharynx 1.04 (35) 1.07 (40) 1.03 (42) 0.84 (29)
Nasal, Middle Ear, Sinuses, Nasopharynx 0.84 (4) 0.58 (3» 1.20 (7) 1.35 (7)
Oesophagus 1.06 (9) 0.62 (6) 1.29 (14) 1.03 (9)
Pancreas 1.00 (37) 0.99 (41) 0.92 (44) 1.12 (43)
Rectum, RS Junction and Anus 1.30 (76) 0.75 (49 0.99 (73) 0.99 (61)
Respiratory and Intrathoracic Organs 1.10 ¢(167) 0.81 (136) 1.13 (209) 0.95 (145)
Salivary Glands 0.98 (4) 1.10 (5) 0.97 (5) 0.94 (4)
Skin (melanotic and other) 0.91 (359) 0.75 (330) 1.15 (571) 1.16 (488)
Stomach 1.28 (77) 0.89 (60) 0 86 (66) 1.03 (64)
Brain 1.11 (33) 0.95 (30) 1.11 (38) 0.83 (27)
Leukem a 1.32 (50) 0.75 (3 0 95 (44) 1.01 (41)
Lymphoma 0.91 (45) 1.04 (56) 1.03 (62> 1.00 (54)
Sarcoma 1.07 (28) 1.21 (34) 0.83 (26) 0.92 (27)

(1) persons Living 1n a different municipality 1n 1981 from the one they occupied 1n 1976

(2) quartiles were calculated by ranking values and establishing class boundaries

to provide about 25% of the 254 mumicipalities 1n each of 4 classes; quartile 1 1s low

Soufce:

New Brunswick Tumour Registry 1977-80



Table 4.18 Rat10 of Observed to Expected By Site and Agricultural Activity (1) Quartiles ()

Observed/Expected (obverved)

Quartile 1 Quartile 2 Quartile 3
Site

All Sites 0.91 (1308) 1.09 (1530) 0 92 (1547)
Bladder, Kidney, and Other Urinary Organs 0.80 (59) 1.31 (93 0 98 (85)
Breast 098 (116) 0.98 (118) 093 (13
Endocrine 0.55 (6) 1.2 (1% 073(9)
Eye 1.30 (4) 0.67 (2) 028 (M
Female Genital (incl. uterus/unspecified) 0.95 (74) 1 11 (88) 0 90 (8%
Gallbladder 0.61 (5) 1.27 (1) 101 (1)
1lt-Defined Cancer 1.05 (37) 1.06 (36) 0 86 (36
Intestine (small and large) 0 86 (10G) 1.09 (123) 102 (143)
Larynx 08 (1) 0.63 (&) 102 (1)
Liver 0.00 () 1.56 () 0 81 (6)
Male Gemital (inct. prostate) 0.93 (94) 1.13 (104) 0 90 (107
Mouth and Pharynx 1.11 (36) 1.02 (32 104 (39)
Nasal, Middle Ear, Siruses, Nasopharynx 043 (2) 021 (1) 131 (8)
Oesophagus 1.31 (11) 1.38 (1) 051 (%)
Pancreas 1.00 (36) 0.646 (22 1 32(57)
Rectum, RS Junction and Anus 0.90 (51) 0 98 (54) 0 9% (64)
Respiratory and Intrathoracic Organs 1.06 (151) 1.09 (154) 105 (174)
Salivary Glands 1.26 (5) 0.79 (3) 0 85 (4)
Skin (melanotic and other) 0.83 (320) 1.21 (456) 075 (337)
Stomach 0 91 (53 0.91 (5L 117 (82)
Brain 1.09 (31) 0.85 (2% 104 (35)
Leukem a 1.15 (42) 1.11 40 0 B0 (34)
Lymphoma 0.98 (47> 0 92 (44) 105 (57
Sarcoma 0.67 (17) 123 (3 0 97 (28)

(1) percentage of land urder cul tivation

(2) quartiles were calculated by ranking values and establishing clavy, beurdarie,

to provide about 25% of the 254 municipalities 1n each of 4 clasues; quartile 1 14 tow

Source:

New Brunswick Tumour Registry 1977-80
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Table 4.19 Ratio of Observed to Expected By Site ana DDT Near-Distance Exposure (1)

Observed/Expected (observed)

Zero Low Moderate High Very High
0) (1 down to 0) (2 down to 1) (3 down to 2) (6 down to 3)
Site

ALl Sites 1.10 (3395) 0.94 (¢503) 0.83 (214) 0.53 (104) 0.94 (311)
Bl adder ,X1dney, and Other Uripary Organs 1.08 (170) 0.96 (1301 1.21 (16) 0.10 (1) 0.94 (16)
Breast 1.15 (309) 0.92 (201) 0.60 (13) 0.23 (&) 0.94 (25
Endocrine 1.07 (25) 1.12 (23) 0.49 (D 0.00 ¢O) 0.42 (1)
Eye 1.22 (&) 0.70 (&) 1.78 (1) 2.39 (1 0.00 ()
fFemale Genital (incl. uterus/
unspec fied) 1.12 (198) 0 %2 (132) 0.70 (10) 0.26 (3) 1.15 (20
Gal Ibladder 1.33 (25) 0.74 (1) 0.00 (0) 0.00 (0) 1.05 (2)
ILL-Defined Cancer 1.01 (78) 0.97 (63) 0.80 (5 1.67 (&) 0.86 (7)
Intestine (small and large) 1.12 (2%4)  0.96 (205) 0.54 (11 0.38 (6) 6.78 (21
Lar ynx 1.02 (27) 1.11 @27 0.82 (2) 0.00 (0) 0.67 (2)
Liver 1.12 (15) 1.07 (12) 0.94 (1) 0.00 () 0.00 (0)
Male Gemtal (incl prostate) 1.16 (26C) 0.94 (176) 0.57 (10) 0.80 (10) 0.50 (12)
Mouth and Pharynx 1.01 (68) 0.99 (60) 0.84 (S5) 0.92 (&) 1.18 (O
Naswal, Middle Ear, Sinuses, Nasopharynx 1.33 (13) .81 (7 1.15 (D 0.00 (0) 0.00 (0)
Oesophagus 1.01 (18) 0.8, (1 1.34 (2) 1.84 (2) 1.52 (3)
Pance cas 1.21 (96) 0 45 (56) 1.11.(7) 0.42 (2) 0.48 (&)
Rectum, RS Junction and Anus 1.04 (128) 0.95 (100) 1.07 (11) 0.39 (3) 1.29 (17)

Resprratory and Intrathoracic Organs 1.04 (316) 1.00 (273) 1.00 (27) 0.57 (1) 0.88 (30)

Salivary Glands 1.16 (10) 0.97 (7 0.00 (O 1.88 (1) 0.00 (0)
Skin (melanotic and other) 111 7918) 0.89 (633) 1.81 (56) 0.64 (34) 1.21 (107)
Stomach 1.10 (14))  0.96 (103) 1.16 (12) 0.64 (5) 0.51 (N
Bramn 1.08 (o03) 0.99 (53) 0.55 (3) 0.47 (2) 1.1
Leukems 1.06 (F3) 0.94 (64) 0.76 (5) 0.58 (3) 1.33 (11
Lymphama 0.99 ¢(100) 1.15 (102) 0.80 (7) 0.29 (2) 0.56 (6)
Sarcoma 0.99 (53) 1.01 («+8) 1.72 (8) 0.53 (2) 0.72 (&)

(1) based on 0-1 kilometer exposure definition

Seurce  New Brunswick Tumour Registry 1977-80



Table 4.20 Ratio of Observed to Expected

10

By Site and Organophosphate Near-Distance Exposuie (1)

Site

Observed/Expected (observed)

Zero Low

(0)

Moderate High Very High
(1 down to 0) (2 down to 1) (3 down to 2) (6 down to 3)

AlL Sites 1.26 (12648) 1.01 (1980  0.85 (1877) 1.06 (878) 1 03 (Y
Bladder, Kidney, and Other Urinary Organs 1.43 (72) 0.99 (99) 0.75 (84) 1.16  (50) 1Oy ()
Breast 1.21 (104)  1.02 (169) 0.81 (150) 1,20 (8¢6) 0.99 ()
Endocrine 1.08 (8) 1.21 (19) 0.71 (12) 1,100 (M 1,00 (9
Eye 0.48 (1) U.47 (2) 1.27 (&) 2.25  (4) 084 (h
Female Genmital (incl. uterus/

unspec!fied) 1.28 (72) 0.99 (108) 0.81 (99 1.19 (40) O 98 (2
Gal Lbladder 1.51 (9 0.63 (N 0 9% (12) 1.38 (MY 097 (D
[LL-Defined Cancer 1.26 3D 1.08 (52) 0 92 (50) o7 9 n 9 ahn
Intestine (small and large) 1.47 (122) 1.01 (161) 0 88 (158) 080 (%) 0 90 (L)
Larynx 1.53 (13) 1.07 (19) 0.82 (16) 1.36 (m 0 00 (W)
Liver 0.92 (&) 0.8 (N 1.28 (12) 108 (4) 0 44 (1)
Male Genmital (incl. prostate) 1.42 (95) 0.86 (116) 1.03 (159) 0% (5 0.72 ()
Mouth and Pharynx 1.53 (33) 0.99 (44) 0.77 (38) 0%t (1)) 1.7 (W)
Nasal, Middle Ear, Sinuses, Nasopharynx 2.90 (9) 0.62 (4) 0.71 (5) 0.7 (2) 0.60 (1)
Oesophagus 088 (5) 0.79 (9) 1.02 (1%) 1.01 (%) 190 (6)
Pancreas 1.06 (27) 1.27 (62) 0.81 (49) 07 (16) 1.1 (1)
Rectumr, RS Junction and Anus 1.27 (50) 0.98 (76) 0.87 (76) 1.04  (3%) 104 (/)
Respiratory and Intrathoracic Organs 138 (134) 1.05 (211 0.82 (182) 097 (82) (3 By (41
Sal ivary Glands 1.08 (B 0.37 () 1.16 (T 29 (6) ooy
skin (melanotic and other) 1.16 (307) 0.98 (516) 0.8% (479) 116 (2¢64) 1 2 (I
Stomach 1.30 (53) 1.13 (90) 0 8 (75) 0,89 3D noBe o
8rain 0.91 (17) 1.11 (46) 0.97 (42) 087 (14 110 (1
Leukemra 1.20 (30) 1.05 (53) 0.89 (50) 0.8 (18 1.4 (1
Lymphoma 0.99 (32) 1.20 (80) 0.83 (61) 095 (26) V0L Iy
Sarcoma 0.99 (17) 0.84 (30) 1.29 (50) 08 12 NPT
(1) based on 0-1 kilometer exposure destination

Source:

New Brunswick Tumour Registry 1977-80
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V. APPROACH TO ANALYSIS OF PESTICIDE EXPOSURE DATA

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
persons were considered exposed). The effect on cancer risk
estimates of altering these cutofis was examined. Separate
comparisons were carried out for DDT and for the
organophosphates because their different methods of
application might affect exposures of humans at a distance.
No important ditferences were noted and the 1 kilometer
cutoff was retained.

Secondly, exposure covariates were introduced into the
statistical models in sequence by their decreasing
importance as potential confounders, as subjectively
assessed by the author. All covariates, with the exception
of language and urban/rural residence, were expressed as
rates, divided into quartiles, and assigned four level
scores corresponding to the quartiles. These 4 point scales
were then treated as continuous in the analysis. No
covariate, once included within a model, was dropped from
subsequent models.

Both DDT and organophosphate indices were treated as

continuous variates in the regression analyses.
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Finally, quartile scores were calculated for the near
and moderate-distance exposure indices and used in
independent analyses of DDT and organophosphates in order to
assess the affect on risk estimates of using more complete

and complicated indices that included all of the spray data.

VI. RESULTS OF MULTIVARIATE ANALYSTS

Poisson regression was used to estimate standardized
incidence ratios (SIR). As indicated previously (Mcthods),
several preliminary analyses were performed to examine the
appropriateness of the multiplicative model and the
effectiveness of the age standardization. Statistical
significance is defined uniformly as two-tail p < 0.05.

The average near-distance exposure score for non-city
municipalities in New Brunswick is 0.55 for DDT and 1.48 for
organophosphates. In both cases scores range between 0 and
5. Table 4.21 shows the crude SIR estimates for DDT and
organophosphate near-distance indices. In no cases are
risks significantly elevated and only for eye cancer doc:
the point estimate noticeably exceed 1.0. Overall, the
cancer risks associated with exposure to organcphosphate:
forestry spray are lower than those of DDT.

Tables 4.22 and 4.23 present the effects of controlling
for all study covariates. Neither table shows a congiotent
trend towards an increase or a decrease in the magnitude of

the estimated effects. In only one case, organophosphatea



Table 4.21 Crude (1) Relative Risk Estimates for DDT and Organophosphate Near-Distance Exposure (2)
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by Site
DOT Crude Model QOrganophosphate Crude Model
Point Point
Site Cases 95% C. 1. Estimate Estimate 95% C.1.
ALl Sites 6527 0.9 - 0.99 0.96 0.98 0.96 1.00
8ladder, Kidney, and Other Urinary Organs 333 0.87 - 1.09 0.98 Q.97 0.88 - 1.07
Breast 552 0.82 -1.00 0.9 1.00 0.92 - 1.08
Endocrine 50 0.60 - 1.21 0.85 0.95 073 - 1.24
Eye 14 0.44 - 1.64 0.85 1.45 0.96 2.20
female Gemtal C(incl. uterus/unspecified) 363 0.8 - 1.06 0.9 0.95 0.86 - 1.04
tal Ubladder 38 0.51 - 1.23 0.80 1.05 0.79 - 1.39
IL-Defined Cancer 161 0.89 - 1.21 1.04 0.94 0.81 1.08
Intestine (smatl and large) 537 0.80 - 0.98 0.89 0.90 0.83 0.97
Lar ynx 58 0.62 - 1.17 0.85 0.87 0.67 1.12
Liver 28 0.22 - 1.19 0.52 1.00 0.71 1.40
Male Genital (incl prostate) 448 0.74 - 0.94 0.83 0.91 084 1.00
Mouth and Pharynx 146 0.91 - 1.23 1.06 0.91 0.78 - 1.06
Niax, Middle Ear, Sinuses, Nasopharynx 21 0.17 - 1.29 0.46 0.60 0.37 0.99
Uesophagus 38 0.85 - 1.48 1.13 1.18 0.90 - 1.55
Pancreas 165 0.65 - 0.98 0.80 0.93 0.81 1.08
Rectun, RS Junction and Anus 259 0.92 - 1.16 1.03 1.00 0.89 - 1.1
Respiratory and Intrathoracic Organs 657 0.89 - 1.05 0.97 0.90 0.8 - Q97
Salyvary Glands 18 0.31 - 1.46 0.67 1.07 0.7 1.61
shin (metanotic and other) 1748 0.99 - 1.09 1.04 1.07 1.03 1.12
Stamach 267 0.77 - 1.02 0.89 0.89 079 1.00
Brain 128 0.79 - 1.15 0.95 1.01 0.86 - 1.18
Leukemta 166 0.88 - 1.19 1.03 0.96 0.83 - 1.10
Lymphoma 217 0.72 - 1.01 0.85 0.99 0.87 - 1.12
Sarcoma 115 0.80 - 1.18 0.97 0.95 0.80 - 1.13

(1) girand mean and near-distance 1ndices were the only terms i1n the models
(") the nearest spray block within 1 kilometer for each spray year were accumulated over years
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Table 4.22 Crude (1) and Fuli Model (2) Relative Risk Estimates for DDT Near-Distance Exposwe (5) By Site

DDT Crude Model

DDT Full Model

Point Point
Site Cases 5% C.1. Estimate Estimate

All Sites 6527 0.94 - 0.99 0.96 0.95
Bladder, Kidney, and Other Urinary Organs 333 0.87 - 1.09 0.98 0 96
Breast 552 0.82 - 1.00 091 0 90
Endocrine 50 0.60 - 1.21 0.85 0 89
Eye 14 0.44 - 1.64 0.85 0 62
Female Genital (incl. uterus/unspecyfred) 363 0.84 - 1.06 0 94 o 8?
Gallbladder 38 0.51 - 1.23 0.80 078
ILL-Defined Cancer 161 0.89 - 121 1 04 1 06
Intestine (smal!l and large) 537 0.80 - 0.98 0 89 0.93
Larynx 58 0.62 - 1.17 0 85 0.99
Liver 28 0.22 - 1.19 0.52 0.59
Male Genital (incl. prostate) 448 0.74 - 0 94 0.83 0.83
Mouth and Pharynx 146 0.91 - 1.23 1 06 1.09
Nasal, Middle Ear, Sinuses, Nasopharynx 21 0.17 - 1.29 0.46 063
Oesophagus 38 0.85 - 1.48 1.13 090
Pancreas 165 0.65 - 0.98 0.80 08
Rectum, RS Junction and Anus 259 0.92 - 1.16 103 1.04
Respiratory and Intrathoracic Organs 657 0.89 - 1.05 0 97 0.99
Salivary Glands 18 0.31 1.46 0.67 058
skin (melanotic and other) 1748 0.99 - 1.09 1.04 0.99
Stomach 267 0.77 1.02 0 89 092
Brain 128 0.79 - 1.15 095 0991
Leukemia 166 0.88 1.19 103 1T;m
Lymphoma 217 0.72 - 1.01 0.85 085
Sarcoma 115 0.80 - 1.18 0.97 0.98

(1) grand mean and DOT near-distance index were the only terms in the models
(2) full model 1ncluded DDT, organophosphate, agriculture, urban/rural, education, incom:, frenth, snd

migration as terms

(3) the nearest spray block within 1 kilemeter for each spray year were accunulated over years,
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Table. 6.23 Crude (1) and Full Model (2) Relative Risk Estimates for Organophosphate Near-Distance Exposure (3)

By Site
Organophosphate Crude Model Organophostate Full Mocel
Point Point
Site Cases 95% C.I. Estimate Estimate 95% C.1.

ALl Sites 6527 0.96 - 1.00 0.98 0.97 0.94 - 0.99
Bladder, Xidney, and Other Urinary Organs 333 0.88 - 1.07 0.97 0.9 0.84 - 1.(5
Breast 552 0.92 - 1.08 1.00 1.02 0.93 - 1.1"
Endocrine 50 0.73 ~ 1.24 0.95 0.83 0.62 - 1.1
Eye 14 0.96 - 2.20 1.45 1.59 0.97 - 2.61
Female Genital (1ncl. uterus/unspecified) 363 0.86 - 1.04 0.95 0.96 0.86 - 1.07
Gallbladder 38 0.79 - 1.39 1.05 1.09 0.80 - 1.50
111 Defined Cancer 161 081 - 1.08 0.94 0.91 0.77 - 1.08
Intestine (small and large) 537 0.83 - 0.97 0.90 0.9 083 - 1.00
Larynx 58 0.67 - 1.12 0.87 0.90 0.57 - 1.20
Liver 28 0.71 - 1.40 1.00 1.09 0.74 - 1.61
Male Gemital (incl. prostate) 448 0.8, - 1.00 0.91 0.94 08 - 1,04
Mouth and Pharynx 146 0.78 - 1.06 0.9 0.87 0.73 - 1.05
Nasal, Mrddle Ear, Sinuses, Nasopharynx 21 0.37 - 0.99 0.60 0.55 03 - 0.9
Ocsophagus 38 0.90 - 1.55 1.18 1.05 0.77 - 1.43
Pancreas 165 0.81 - 1.08 0.93 1.03 0.87 - 1.21
Rectun, RS Junction and Anus 259 0.89 - 1.1 1.00 0.97 0.85 - 1.1
Respiratory and Intrathoracic Organs 657 0.84 - 0.97 0.90 0.90 0.83 - 0.98
Salivary Glands 18 0.71 - 1.6% 1.07 1.24 0.78 - 1.98
Skin (melanotic and other) 1748 1.03 - 1.12 1.07 1.00 0.96 - 1.05
Stomach 267 0.79 - 1.00 0.89 0.95 0.83 - 1.09
hratn 128 0.86 - 1.18 1.01 1.08 0.89 - 1.30
Lewkoma 166 083 - 1.10 0.96 0.96 0.81 - 1.13
t yiphoma 217 0.87 - 1.12 0.99 1.05 0.91 - 1.21
Sarcumna 115 0.80 - 1.13 0.95 0.97 0.79 - 1.19

(1) grand mean and organophosphate near-distance 1ndex were the only terms in the models

() full model included DDT, organcphosphate, agriculture, urban/rural, education, income, french, and
migration as terms

(3) the nearest spray block within 1 kilometer for each spray year were accunulated over years
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exposure and all sites combined, did an estimate become
statistically significant after controlling for the
covariates. 1In both tables intestine became statistically
non-significant after the introduction of covariates into
the model, and nasal, middle ear, sinuses, and nasopharyny
for DDT, and pancreas for organophosphates, similarly lost
statistical significance.

The second and third columns of numbers in Table 4.24
contain deviances from two Poisson regression models.
Poisson regression deviances are equivalent to the residual
sum of sqguares in a regular regression and represent the
unexplained variability. The deviances in column 2 are tion
a Poisson regression with the following terms: near-distance
exposure for DDT, agriculture, urban/rural, French, income,
education, and migration. The deviances 1n column 3 are from
a model with the same terms plus six interaction terms; one
for each product of the DDT term and each of the covariates.
These product terms (interactions) were included to test
whether the effect of DDT varied across covariate level«s. A
comparison of the deviances from both models indicates that
none of the differences are notably large and none are
statistically significant with the exception of all cancaey
sites combined. Results for organophosphates are
essentially the same and therefore not precented. Theaes
results provide little evidence to support the premise that
any of the covariates modify the effects of DDT on any of

the specific site groupings examined.
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Tuble 4.26 Deviances for DDT Near-Distance Model With All Covariates In by Site and Presence of
interaction Terms

Deviance for Model Deviance for Model
With No Interaction Terms With Interaction Terms

Lases
Site
All Cancer 6527 1573.000 1539.000
Bladder, Kidney, and Gther Urinary Organs 333 340.500 332.300
Breast 552 389.700 384.000
Endocrine Glands 50 142,390 138.500
Eye 14 70 870 61.680
Famale Gemytal (incl. uterus/unspecfied) 363 339.200 332.000
Gal lbladder 38 115.300 108.100
1t Defined Cancers 161 239,200 221.100
Intestine (small and large) 537 376.900 366.800
tarynx 58 159.100 151.800
Liver 28 99 710 $8.320
Male Gemital (incl. prostate) 448 368 800 358.800
Mouth and Pharynx 146 275.200 265.800
Nasal, Middle Ear, Stnuses, Nasopharynx 21 73.050 70.080
Oesophagus 38 134.000 125.100
Pancreas 165 243.100 237.500
Rectum, RS Junction, and Anus 259 272.900 267.200
Respiratory and Intrathoracic Organs 657 415.600 411.300
Salivary Glands 18 87.260 82.810
Skin (melanotic and other) 1748 859.200 826.000
Stomach 267 298.100 293.400
Bram 128 192 600 189.400
Leukem as 166 226.500 226200
Lywphamas 217 311.000 308.500

Sarcomas 15 224.500 220.000




Tables 4.25 (for DDT) and 4.26 (for organophosphates)
present risk estimates for males and females separately.
Table %.25 demonstrates greater consistency between the
sexes in the case of DDT exposure than table 4.26. Of all
the sites listed, only all sites combined and intestine are
essentially the same for both exposures and both sexes.
Conversely, breast, eye, gallbladder, and salivary glands
demonstrate remarkable site/sex shifts in behaviour. For
example, it is remarkable that in the case of gallbladder,
DDT exposure appears harmful for males but protective tor
females while the reverse appears to be the case for
organophosphate exposure. It is, however, important to note
that these are sites with small numbers of cases, and
further analysis is presented below to help determine which
differences can reasonably be explained by chance alone.

All previous risk estimates have involved the use of
near-distance exposure indices for DDT and organophosphate
sprays, in which a municipality receives a score of 1 or
fraction thereof (see Methods for a more detailed
explanation) for each year that one or more spray blocks 1,
within 1 kilometer. Scores are added over yecars to obtain
total exposure score.

The calculation of medium-range scores involves all
spray blocks within a 5 kilometer radius of each settlement

for DDT and a 10 kilometer radius for organophosphatec«.
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fablc 4.25 Full Model (1) Relative Risk Estimates for DDT Near-Distance Exposure (2) By Sex and Site
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Males Females
Point Point

Site Cases 95% C.1. Estimate Estimate 95% C.1. Cases
AlL Sites 3669 0.92 - 1.00 0.96 0.94 0.89 - 0.98 2858
Bladder, Kidney, and Gther Urinary Organs 225 0.86 - 1.20 1.02 0.86 0.67 - 1.10 108
Brrast 10 0.87 - 3.55 1.76 0.88 0.7%9 - 0.99 542
Endaciine 14 0.39 - 2.16 0.91 0.87 0.54 - 1.41 36
tye 8 0.35 - 1.74 0.78 0.35 0.06 - 2.07 6
Femate Genital (incl. uterus/unspecified) NA NA NA 0.89 0.78 - 1.02 363
Galttbtadder 14 0.64 - 2.29 1.21 0.48 0.19 - 1.22 24
1Lt defined Cancer 86 0.7 - 1.33 1.02 1.10 0.84 - 1.44 75
Intestine (small and large) 265 0.83 - 1.13 0.97 0.89 0.74 - 1.07 272
Lastynx 46 0.66 - 1.45 0.98 0.95 0.27 - 3.34 12
Laver 17 0.18 - 2.10 0.62 0.54 0.16 - 1.80 il
Male Genirtal (incl. prostate) 448 0.72 - 0.95 0.83 NA NA NA
Mouth and Pharynx 124 0.89 - 1.35 1.10 1.09 0.62 - 1.92 22
Nasal, Middle Ear, Sinuses, Nasopharynx " 0.03 - 4.1 0.32 0.79 0.21 - 3.00 10
Ocvophagus 26 0.77 - 1.66 1.13 0.29 0.06 - 1.35 12
Panciens 91 0.60 - 1.11 0.81 0.80 0.56 - 1.1 74
Rectun, RS Junction and Anus 153 0.8 - 1.25 1.04 1.04 0.82 - 1.32 106
Respuatory and Intrathoracie Organs 538 0.90 - 1.12 1.01 0.93 0.73 - 1.17 119
Salivary Glands " 0.24 - 1.62 0.63 0.43 0.06 - 3.07 7
shan (elanotic and other) 1043 0.89 - 1.02 0.95 1.06 0.96 - 1.16 705
Stomah 175 0.79 - 1.18 0.96 0.85 0.63 - 1.15 92
Bram 81 0.71 - 1.18 0.92 0.81 0.48 - 1.36 47
Lewk g 97 0.70 - 1.17 .90 1.15 0.88 - 1.52 69
Lymphoma 127 0.63 - 1.06 0.82 0.83 0.63 - 1.10 90
Saccam 59 0.81 - 1.51 1.10 0.84 0.58 - 1.22 56

(1) tull model ncluded DOT, organophosphate, agricul ture, urban/rural, education, income, french, and migration as terms

(&) the ncarest spray block within 1 kilomcter for each spray year were accumlated over years

N4 ot applicable
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Table 4.26 Full Model (1) Relative Risk Estimates for Organophosphate Near-Dtstance Exposute (2) 8y Sex and Site

Males Fomales
Point Point o
Site Cases 9S% C 1. Estimate Estimate 98 L !
All Sites 3669 0.95 - 1.01 0.98 0.96 0.9 - 0w
Bladder, Kidney, and Other Urinary Organs 225 0.77 - 1.02 0 88 103 08 1.
Breast 10 0.32 - 1.40 067 1o 0. 1
Endocrine 1% 0.38 - 1.25 0.69 0.89 Uow - 10
Eye 8 0.73 - 2.64 1.39 2.00 091 - 4 3
Female Gemtal (yncl. uterus/unspecified) NA NA NA 0 96 08 10/
Gallbladder 14 0.44 - 1.45 0.80 123 0 8. 180
1{!-Defined Cancer 86 0.78 - 1.23 0.98 0 8% g67 1w
Intest'ne (small and large) 265 0.84 - 1.09 0 96 0 8o 076 0w
Larynx 46 0.74 - 1,40 102 0.48 e 22 104
Liver 17 0.54 - 1.62 0 94 126 073 2w
Male Gemital (1ncl. prostate? 448 0.85 - 104 0 94 NA NA
Mouth and Pharynx 124 0.69 - 1.03 0 85 101 066 14/
Nasal, Middle Ear, Sinuses, Nasopharynx 1 0.39 - 1.42 075 041 017 -y
Oesophagus 26 0.62 - 1.43 0 %4 1.08 g.68 - 1 N
Pancreas g1 0.82 - 129 {03 102 081 129
Rectum, RS Junctiyon and Anus 153 0.88 - 1.23 1.04 0 & 0/ 1u
Respiratory and Intrathoracic Organs 538 0.80 - 09 0 8g 0 99 0 R 100
3alivary Glands 1 0.66 - 2.18 120 15 06 e
Skin (melanotic and other) 1043 1.00 - 1.13 106 0.92 085 - 100
Stomach 175 0.79 - .11 Q94 097 a8 A
Brain 21 0.97 - 1.50 120 nui IV B V4
Leukemi a 97 0.79 - 1.21 0.98 09 072 1
Lymphoma 127 0.91 - .32 1.09 100 ner 10
Sarcoma 59 0.70 - 1.28 0 95 0 9% nsw5 -1 n

(1) full model 1ncluded DOT, organophosphate, agriculture, urbanfrural, education, incesm

fronch, ared migrataoe o,

(2) the nearest spray block within 1 kilometer for each spray year were accunularted over gear,

NA not applicable

&

1134,
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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 mathematically to reflect spray deposition
patterns, and therefore the risk estimates generated from
models in which they are used have no simple interpretation.
However, 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
compared. Their comparison is complicated by the scaling of
the medium-distance scores which makes their units non-
comparable to 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 to which of 4 ordered classes (quartiles) they
belonged. This was done for each exposure (near and medium-
distance). Thus a score of 1 for a particular index
indicated that the municipality was situated in 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

results of these comparisons.

|iie



1y

Table 4.27 Full Model (1) Relative Risk Estimates for DDT Near-Distance and Medium-Distance Exposure (1)

By Site
Near-Distarwe T _lﬂ;:j]\::vn Ditwe
Pmnt— Pomt_ )
Site Cases 95% C.1. Estimate  Estumate eh. ot
ALl Sites 6527 0.92 - 0.96 0 94 0.96 Dw, 0w
Bladder, Kidney, and Other Urinary Organs 333 0.90 - 1.12 100 1.02 [\RCH T
Breast 552 0.82 - 0.98 0 90 0 0, 10
Endocrine 50 0.84 - 1.58 115 1.10 0 18
Eye 14 054 - 1.59 093 049 gy 1 98
Female Genital (incl. uterus/unspec)fied) 363 077 - 0.95 0 8% 0 %0 0wt 1 o
Gallibladder 38 0.56 - 1.10 078 oM uonm 113
ILL-Defined Cancer 161 08 - 1.1 09 0 95 U P 1. N
Intestine (small and large) 537 0.8 - 1.01 092 09 08, 1m0
Larynx 58 0.89 - 1.60 119 124 04 1.6/
Liver 28 0.648 - 1.57 1.05 108 0N 1.64
Male Gemital (incl. prostate) 448 08 -1.00 0 90 094 o871
Mouth and Pharynx 146 0.79 - 1.1 09 1 04 0 uy 1.24
Nasal, Middle Ear, Sinuses, Nasopharynx 21 0.39 - 1.12 0 66 072 04 100
Oesophagus 38 0.73 - 1.38 100 101 " 1.9
Pancreas 165 0.68 - 0.94 0 8o 0.88 0/ - 1.04
Rectum, RS Junction and Anus 259 0.91 - 1.17 1.05 103 VI R W 4
Respiratory and Intrathoracic Organs 657 0.91 - 1.06 098 100 N9 1 UK
Salivary Glands 18 0.45 - 1.2 07 126 (VR /A A
skin (melanotic and other) 1748 0.90 - 0.99 0 9 0 96 4N 10
Stomach 267 08 - 1.03 04 09 LT 1
Bramn 128 0.80 - 1.15 0 9% 9o UNN AN B!
Leukemia 166 0.83 - 1.14 097 10/ 0N 1
Lymphoma 217 0.83 - 1.10 0.96 100 0w,y
Sarcoma 115 0.85 - 1.25 105 1.04 o8 127

(1) full model 1ncluded DDT, organophosphate, agriculture, urban/rural, educstion, incoane, fronch, o
migration as terms
(2) the nearest spray block within 1 kilometer for each spray year were orcumilated over goare
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Isbte 4.28 Full Model (1) Relative Risk Estimates for Organophosphate Near-Distance and Medium-Distance

Exposure (2) By Site

Near-Distance

Medium-Distance

Point Point
Site Cases 95% C.1. Estimate Estimate 95% C.1.
ALl Stites 6527 0.91 - 0.95 0.93 0.94 0.92 - 0.97
Blagder, Kidney, and Other Urinary Organs 333 0.83 - 1.02 0.92 0.94 0.85 - 1.05
Breast 552 0.89 - 1.05 0.97 1.00 0.92 - 1.08
Endocrine 50 0.63 - 1.05 0.81 0.84 0.65 - 1,09
Eye 14 0.84 - 2.50 1.44 1.60 0.91 - 2.82
Female Gemtal (incl. uterus/unspecfied) 363 0.83 - 1,01 0.92 0.93 0.84 - 1.03
Gat Lbladder 38 0.79 - 1.44 1.07 1.02 0.76 - 1.37
fUi-Defined Cancer 16% 0.78 - 1.04 0.90 0.90 0.77 - 1,05
{ntestine (small and large) 537 0.81 - 0.96 0.88 0.88 0.81 - 0.96
Larynx 58 0.70 - 1.17 0.90 0.96 0.74 - 1,24
Liver 28 0.69 - 1.45 1.00 1.06 0.73 - 1.52
Male Genital (incl. prostate) 448 0.84 - 1,01 0.92 0.92 0.84 - 1.00
Mouth and Pharynx 146 0.76 - 1.04 0.89 0.85 0.72 - 0.99
Nasal, Middle Ear, Sinuses, Nasopharynx 21 0.36 - 0.85 0.56 0.56 0.37 - 0.86
Oenophagus 38 0.73 - 1.34 0.99 1.08 0.80 - 1.47
Pancreas 165 0.79 - 1,07 0.92 0.87 0.75 - 1.02
Rectum, RS Junction and Aris 259 0.85 - 1.08 0.96 0.96 0.85 - 1,08
Reuptratory and Intrathoracic Qrgans 657 0.83 - 0.96 0.89 0.90 0.84 - 0.97
Salivary Glonds 18 0.83 - 2.20 1.36 1.35 0.83 - 2.22
Skin (melanot'c and other) 1748 0.92 - 1.00 0.96 0.98 0.94 - 1,02
Stomach 267 0.79 - 1.00 0.89 0.91 0.80 - 1.02
Bran 128 0.85 - 1,20 1.01 0.96 0.81 - 1,14
Leukem a 166 0.81 - t.08 0.93 0.98 0.84 - 1.13
Lymphama 217 0.84 - 1.09 0.96 1.00 0.88 - 1.1
Sar coma 115 0.84 - 1.20 1.00 0.99 0.83 - 1.19

(1 full model 1ncluded DDT, organophosphate, agriculture, urban/rural, education, income, french, migratien

as terms

() the neatest spray block within 1 kilometer for each spray year were accumulated over years



An examinaticn of the relative risks for DDT in Table
4,27 indicates remarkable similarities between the index-
specific es imates; excepting those of salivary glands. A
similar pattern is apparent in Table 4.28 for organo-
phosphates.

Tables 4.29 through 4.32 compare relative risks from
all non-city municipalities with relative risks from
municipalities with populations < 2500 (rural). The models
for all municipalities contain terms for all covariables
including urban/rural while models for rural municipalities
include all covariables except urban/rural.

Despite the control of the urban effect through the
exclusion of cities and the use of an urban/rural factor in
the analysis, further analyses restricting observations to
rural municipalities were conducted. Given the strength of
the urban effect it was important to investigate the degree
to which spray effects might be masked as a result of
residual urban confounding.

One previously non-significant relative ri<hk, DDT
exposure for all sites in males achieved borcerline
statistical significance in the analysis of riral
municipalities (See Table 4.29).

Three relative risks, organophosphate czposure and gal

bladder cancer for males; organophosphate and ill-detinecd
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cancer for males (Table 4.31); organophosphate and endocrine

cancer for females (Table 4.32), changed directlion from

negative to positive in the analysis of rural municipalities.



Table 4 29 Male Full Model Relative Risk Estimates for DDT Near-Distance Exposure (1) By Site
for ALY Municipalities (2) and Rural Municipalities (3)

121

All Municipalities Municipalities With Populations < 2500
Point Point

Site Cases 95% C.1. Estimate Estimate 95% C.1. Cases

ALL Sttes 3669 0.92 - 1.00 0.96 0.95 0.91 - 0.99 2788
Bl eddir, Xidney, and Other Urinary Organs 225 0.86 - 1.20 1.02 0.96 0.81 - 1.14 176
Bie 1.t 10 0.87 - 3.55 1.76 1.88 0.81 - 4.36 7
f ndocr e 14 0.39 - 2.16 0.91 0.76 0.26 - 2.24 8
fye 8 0.35 - 1.74 0.78 0.83 0.36 - 1.92 6
Female Gemtal (incl. uterus/unspecfied) NA NA NA NA NA KA
ol b ladder 14 0.64 - 2.29 1.2 1.07 057 -2.00 12
1tY Defined Cancer 86 0.79 - 1.33 1.02 0.95 0.71 - 1.27 68
Intestine (small and large) 265 0.83 - 1.13 0.97 0.93 0.78 - 1.09 166
L a1 ynx 46 0.66 - 1.45 0.98 0.91 0.60 - 1.39 31
Liver 17 0.18 - 2.10 0.62 0.69 0.21 - 2.29 12
Male Lenstal Cincl prostate) 448 0.72 - 0.65 0.83 0.86 0.74 - 0.99 340
Mouth and Pharynx 124 0.89 - 1.35 1.10 1.05 0.84 - 1.31 102
Nasal, Middle Ear, Sinuses, Nasopharynx 1" 0.03 - 4.1 0.32 0.35 0.03 - 3.78 6
Oes ophagus 26 0.77 - 1.66 1.13 1.18 0.78 - 1.77 23
Panci ean 91 0.60 - 1.11 0.81 0.82 0.60 - 1.13 80
Rectum, RS Junction and Anus 153 0.86 - 1.25 1.04 1.02 0.86 - 1.25 114
Respiratary and Intrathoracic Organs 538 0.90 - 1.12 1.01 1.01 0.90 - 1.13 413
Sativary ttands N 0.24 - 1.62 0.63 0.51 0.15 - 1.73 10
Shin (celanotie and other) 1043 0.89 - 1.02 0.95 0.95 0.88 - 1.02 77
Stomach 175 0.79 - 1.18 0.96 0.99 0.80 - 1,23 141
bram 81 0.71 - 1.18 0.92 0.94 0.72 - 1.23 63
Leukem g 97 0.70 - 1.17 0.90 0.85 0.64 - 1.13 72
Ly homa 127 0.63 - .06 0.82 0.77 0.58 - 1.01 92
Sat coma 59 0.81 - 1.51 1.10 1.02 0.73 - 1,44 45

(1Y the nearest spray block within 1 kilometer for each spray year were accumulated over years
() tull modet ancluded DOT, organophosphate, agriculture, urban/rural, education, 1ncome, french,
(3 tull medel rncluded DDT, organophosphate, agriculture, education,

wecene, trench, and migration as terms

NA - ot ypbicable

and migration as terms




Table 4.30 Female Full Model Relative Risk Estimates for DDT Near-Distance Exposure (1) By Site
for All Municipalities (2) and Rural Mumcipalities (3)

All Mumicipalities

Munrcipalities With Population o 20
i

Point Point
Site Cases 95% C.1 Estimate Estimate

All Sites 2858 0.89 - 0.98 0.94 0.92
Bladder, Kidney, and Other Urinary Organs 108 0.67 - 1.10 0.86 0.83
Breast 542 0.79 0.99 0.88 0 85
Endocrine 36 0.54 - 1.41 0.87 0.78
Eye 6 0.06 - 2.07 0.35 0.36
Female Genital (1ncl. uterus/unspecfied) 363 0.78 - 1.02 0.89 0.90
Galibladder 24 0.19 - 1.22 0.48 0.38
1ll-Defined Cancer 75 0.84 - 1.44 1.10 109
Intestine (small and large) 272 0.74 - 1.07 0.89 0.88
Larynx 12 0.27 - 3.34 0.95 0.87
Liver 1 0.16 - 1.80 0.54 0.56
Male Gemital (1ncl. prostate) NA NA NA NA
Mouth and Pharynx 22 0.62 - 192 1.09 0 99
Nasal, Middle Ear, Sinuses, Nasopharynx 10 0.21 - 3.00 0.79 0 88
Oesophagus 12 0.06 - 135 0.29 0 33
Pancreas 74 0.56 - 1.14 0.80 0.77
Rectum, RS Junction and Arws 106 0.82 - 1.32 1.04 1.04
Respiratory and Intrathoracic Organs 119 0.73 - 1.17 0.93 0.88
Sal1vary Glands 7 0.06 - 3 07 0.43 039
Skin (melanotic and other) 705 0.96 - 1.16 1.06 103
Stomach 92 0.63 - 115 0 &5 uoHYy
Brain 47 0.48 - 1.36 g.21 0 8e
Leukemt a 69 0.8 - 1.52 1.15 116
Lymphoma 90 0.63 - 110 0.83 0.79
Sarcoma 56 0.58 - 1.22 0.84 076

oy 1.

0.

0

5]

Q

0

(1) the nearest spray block within 1 kilometer for each spray year were accumulated over years

(2) full model included DDT, organophosphate, agriculture, urban/rural, cducation, 1ncoane, fronch,

migration as terms
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Tablte 4.31 Male Full Model Relative Risk Estimates for Organophosphate Near-Distance Exposure (1) By Site for

All Mumicipalities (2) and Rural Municipalities (3)

All Municipalities

Mumicipalities With Populations < 2500

Point Point

Site Cases 95% C.1 Estimate Estimate 95% C.1. Cases
AlL Sites 3669 0.95 - 1.01 0.98 0.98 0.94 - 1.02 2783
Blakiir, Kidney, and Other Urinary Organs 225 0.77 - 1.02 c.88 0.94 0.79 - 1.1 176
Breast 10 0.32 - 1.40 0.67 0.76 0.28 - 2.03 7
Eidocr ine 14 0.38 - 1.25 0.69 0.62 0.26 - 1.48 8
tye 8 0.73 -~ 2.64 1.39 1.15 0.51 - 2.60 6
Female Genmital (incl. uterus/unspecified) NA NA NA NA NA NA
Gallbladder 14 0.44 - 1.45 0.80 128 0.58 - 2 00 12
11L-Definea Cancer 86 0.78 - 1.23 0.98 1.12 0.86 - 1.46 68
Intestine (small and large) 265 0.84 - 1,09 0.96 1.04 0.89 - 1.22 166
Lat ynx 46 0.74 - 1.40 1.02 1.38 0.94 - 2.04 3
Liver 17 0.54 - 1.62 0.94 0.88 0.44 - 1.77 12
Male Genital (incl. prostate) 448 0.85 - 1.04 0.94 0.87 0.76 - 0.98 340
Mouth and Pharynx 124 0.69 - 1.03 0.85 0.86 0.68 - 1.09 102
Nawal, Middle Ear, Sinuses, Nasopharynx 1 0.39 - 1.42 0.75 0.97 0.42 - 2.23 6
Cesophagus 26 0.62 - 1.43 0.94 088 0.54 - 1.42 23
Pancreas 9 0.82 - 1.29 1.03 1.01 0.78 - 1.29 80
Rectum, RS Junction and Anus 153 0.88 - 1.23 1.04 1.10 0.90 - 1.36 114
Respriatory and Intrathoracic Organs 538 0.80 - 0.% 0.88 0.88 0.78 - 0.9 413
Salivary Glands 1 0.66 - 2.18 1.20 1.52 0.83 - 2.78 10
Skin (Melanotic and other) 1043 1.00 - 1.13 1.06 1.02 0.94 - 1.10 771
Stomach 175 0.79 - 1.1 0 94 0.88 0.72 - 1.08 161
hiam 81 0.97 - 1.50 1.20 1.19 0.90 - 1.57 63
Leukema o 0.79 - 1.21 0.98 1.05 0.80 - 1.38 ”
{ymphoma 127 0.91 - 1.32 1.09 1.17 0.93 - 1.47 92
Sait coma 59 0.70 - 1.28 0.95 1.00 0.70 - 1.45 45
(1) the nearest spray block within 1 kilometer for each spray year were accumulated over years
(B full model inctuded 00T, organophosphate, agriculture, urban/rural, education, income, french, and

mgration as terms

(%) tull model included 00T, organophosphate, agriculture, education, 1ncome, french, and migration as terms

VA not applicable
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Table 4.32 Female Full Model Relative Risk Estimates for Organophosphate Near-Distance Exposure Indices (1) By Site
for All Municipalities (2) and Rural Municipalities (3)

All Municapalities

Muntcipal ities With Populativn, « MW

Point Point

Site Cases 95% C.1. Estwmate Estimate 9% C 1. QUINT
ALl Sites 2858 0.92 - 0.99 0 96 0 97 092 -1 M NI
Bladder, Kidney, and Other Urinary Organs 108 0.8 - 1.24 1.03 107 08y 18y
Breast 542 0.94 - 1.12 1.02 108 0% 1. o
Endoc-1ne 36 0.64 - 1.24 0.89 1.08 070 - 165 &
Eye 6 0.91 - 4.36 2.00 19N 086 w2 Y
Female Gemital (incl. uterus/unspecified) 363 0.86 - 1.07 0 9% 092 0.4 1 06 AR
Gallbladder 24 0.8, - 1.80 1.23 120 G 76 - 1.9 1
1ll-Defined Cancer 75 0.67 - 1.09 085 0.84 06 1.1n O
Intestine (small and large) 272 076 - 0.98 0 86 08/ 074 103 V4t
Larynx 12 0.22 - 1.04 0.48 0 36 on 1 14 I
Liver N 0.73 - 2.19 1.26 1.19 065 2.4 Y
Male Gemtal (incl. prostate) NA NA NA WA NA NA
Mouth and Pharynx 22 0.64 - 1.57 1.0 112 066 146 14
Nasal, Middte Ear, Sinuses, Nasopharynx 10 0.17 - 0.98 0.41 0.28 006 - 126 4
Oesophagus 12 0.68 - 1.71 108 116 066 - 2 05 9
Pancreas 74 0.81 - 1.29 102 1.04 0/ - 1% 4
Rectum, RS Junction and Anus 106 0.72 - 1.09 0.89 0 864 066 113 74
Respiratory and Intrathoracic Organs 19 0.82 - 1.20 0 9% 097 0/ 1.2 i
Salivary Glands 7 0.62 - 2.77 1N 1 46 0% 340 Y
Skin (melanotic and other) 705 0.85 - 1.00 Q92 0% oer 1y 0
S tomach 92 0.78 - 1.21 09/ 0 W8 07 1 7 4
Brain 47 0.58 - 1.17 0.85 086 Ny 1 4
Leukema 69 0.72 - 1.20 0.93 0.99 07 1 Y
L ymphoma 90 0.81 - 1.23 1.00 109 IRV B A 1
Sarcoma 56 0.75 - 1.1 0 99 109 0 /4 155 I

(1) the nearest spray block within 1 kilometer for each spray year were accumulated over goar,

(2) full model i1ncluded DDT, organophosphate, agriculture, urban/rural, educatioun,

magration as terms

1rcone, trench, ared

(3) full model included ODT, organophosphate, agriculture, education, income, french, and migration oo Yorne

NA not applicable
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These three new positive relative risks remained small and
statistically non-significant.

Of the sites of cancer for females where relative risks
were greater than 1.0 in the analysis of all municipalities
and remained greater than 1.0 in the analysis of rural
municipalities, organophosphates and cancer of the larynx
and organophosphates and cancer of the salivary glands
achieved higher relative risks among rural municipalities
than among all 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 all municipalities and remained greater than 1.0
in the analysis of rural municipalities, DDT exposure and
breast cancer and crganophosphate 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 organcphosphate
exposure with an alpha set to .05 or less at each of 3
relative risk levels. Thirteen of the 25 DDT/cancer site
estimates have more than 80% power to detect a relative risk
of at least 1.5 if present. Only 5 out of 25 of the
organophosphate/cancer site estimates attain similar 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%.



Table 4.33 Power to Detect a Relative Risk at Least as Large as Those Specified for an Alpha ot .05
for DDT and Organophosphate Near-Distance Cutoffs (1)

RR For DDT RR tor 0:g;.nm;'?m.ph.mu
Cases 1.5 2.5 5.0 - 1—_’3—“” ; b EI
Site

All Sates 6527 1.00 1.00 1.00 1,00 1 00 1.00
Bladder, XKidney, and Other Urinary Organs 333 0.97 1.00 1.00 073 1 00 1
Breast 552 1.00 1.00 1.00 0N 100 1
Endocrine 50 0.39 0.92 100 0N 0w 0oy
Eye 14 0.08 0.30 0.69 0 no 0 ui U
Female Gemital (1ncl. uterus/unspecified) 363 0.98 1.00 1.00 0./8 100 1t
Gallbladder 33 0.27 0.80 100 0 nn 0 eh
Ili-Defined Cancer 161 0.80 1.00 1.00 046 0 e 1t
Intestine (small and large) 537 1.00 1.00 1.00 0 90 1 0v 1 ou
Larynx 58 0.42 0.95 1.00 016 09 0 88
Liver 28 0.18 0.63 097 0 04 01/ 0.40
Male Genital (incl. prostate) LLB 0.99 1.00 1.00 0 B6 1 00 100
Mouth and Pharynx 146 0.73 1.00 1.00 U 40 ({21 1.00
Nasal, Middle Ear, Sinuses, Nasopharynx 21 0.20 0.59 0.94 on u 26 0 %0
Oesophagus 38 0.27 0.80 1.00 010 [FINS 0 64
Pancreas 165 0.78 1.00 1.00 042 o 9 1 00
Rectum, RS Junction and Anus 259 0.94 1.90 1.00 0 &Y 100 1,00
Respiratory and Intrathoracic Organs 657 1.00 1.00 1.00 095 100 10
Salivary Glands 18 0.19 0.54 0.91 000 0 i) TRV
Skin (melanotic and other) 1748 1.00 1.00 100 1 U0 104 1Tl
Stomach 267 0.94 100 100 6f 1 00 T
Brain 128 Q.70 1.00 1.00 45 [SIY AR
Leukemi a 166 0.81 1.00 100 04 VA 10
Lymphoma 217 0.89 1.00 1.00 ny9 0 100
Sarcoma 115 0.67 1.00 1.00 008 0 #e 10

(1) near-distance scores >0 relative to scores of Q were used
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Tables 4.34 through 4.37 contain full model (all

covariates in) results for sites in this study with a high
percentage of non-microscopically confirmed cases and for
sites selected from the literature. Relative risk estimates
are presented for all 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
leukemia in females. For organophosphates (Tables 4.36 and
4.37) the only exceptions to the pattern appear to be liver

and myeloid leukemia in females.




Tabte 4.34 Male Full Model (1) Relative Risk Estimates for DDT Near-Distance Exposure (2) By Site and

Microscopic Confirmation

Microscopteal by

All Cases Canfiremed

Point Point o

Site Cases @5% C.1. Estimate Estimate 9% C 1.
Atl Ccancer 3669 0.92 - 1.00 0.96 0.95 a9 -1
Brain 81 0.71 - 1,18 0.92 0.86 neX 1.0
Endocrine 14 0.39 - 2.16 0.9 1.08 0.41 - 2 89
Gal lbladder 14 0.64 - 2.9 2 0.92 032 - 200
Leukema (excluding myeloid) 69 0.68 - 1.30 0.94 1.03 063 - 169
Liver 17 0.18 - 2.10 0.62 056 010 308
Melanoma 14 0.29 - 1.24 0.60 0 60 02 -1 724
Multiple Myeloma 17 0.50 - 1.81 0.95 1 00 U4 205
Myeloid Leukemia 28 0.52 - 1.27 0 81 08/ 05 146
Non-Hodgk 1ns Lymphoma 67 0.56 - 1,13 0 80 0.82 0% 116
Pancreas 91 0.60 - 1.11 0.81 0.73 04 11
Prostate 442 0.73 - 0.96 0.83 0.85 07 0o
Respiratory System 538 0.90 - 1.12 1.01 0.95 08 -1a9
Soft-Tissue Sarcomas 23 0.44 - 1,60 0.84 077 08 1.4
Stomach 175 0.79 - 1.18 0.96 0.93 07 vz
Urinary System 226 0.86 - 1.20 1 02 0 99 OB 11/

[

§1en

(1) full model 1ncluded DDT, organcphosphate, agriculture, urban/rural, education, tncane, french, ard ougration

as terms

(2) the nearest spray block within 1 kilometer for each spray year were accumulated over yeurs
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Tuble 4 35 Female Full Model (1) Relative Risk Estimates for DDT Near-Distance Exposure (2) By Site and
Microscopic Confirmation

Microscopically

All Cases Conf1rmed
Point Point

Site Cases 95% C.1. Estimate  Estimate 95% C.1. Cases
ML Lancer 2858 0.89 - 0.98 0.94 0.9 0.8% - 0.9% 2546
Brain 47 0.48 - 1.36 0.81 0.99 0.54 - 1.30 35
tndoc rine 36 0.54 - 1.41 0.87 0.82 0.50 - 1.36 33
Gal 1bladder 24 0.19 - 1.22 0.48 0.52 0.20 - 1.37 19
teukema (excluding myelotd) 58 076 - 1.44 1.05 1.02 0.64 - 1.65 22
Liver 1 0.16 - 1 80 0.54 0.63 0.14 - 2 66 6
Me Lanoma 21 0.69 - 2.37 1.27 1.27 0.69 - 237 21
Multiple Myeluna 13 088 - 3.36 1.72 1.7 0.82 - 3.53 1
Myrlond Leukoma 1 0.87 - 3.06 1.63 1.25 0.60 - 2.67 8
Nen Hodghons Lymphona 55 0.50 - 1.07 0.73 0.74 0.50 - 1.09 53
Pancreas 74 05 - 1.14 0.80 0.90 0.58 - 1.41 33
PFrostate NA NA NA NA NA NA
Re priatory System 119 0.73 - 1.17 0.93 0.9 0.73 - 1.20 96
Sott Tieoue Sarcotas 33 0.30 - 1.24 0.61 0.77 0.39 - 1.55 31
Stomach 92 0.63 - 1.15 0.85 0.73 0.49 - 1.09 70
Utinaiy System 109 0.67 - 1.10 0.86 0.87 0.66 - 114 98

(1 tull model 1ncluded DDT, organophosphate, agriculture, urban/rural, education, income, french, and migration
dans o terims

() the nearest spray block within 1 kilometer for each spray year were accumulated over years

N not applircable
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Table 4.36 Male Full Model (1) Relative Risk Estimates for Organophosphate Near-Disvance Exposure (2) By Site and

Microscopic Confirmation

Mictoscoprcatily

All Cases Cont romed
Point Point
Site Cases Q5% C.1. Estwmate  Estimate 9%, C (e

All Cancer 3669 0.95 - 1.01 0.98 098 0.9+ 1w i
Brain 81 0.97 - 1.50 1.20 1.17 0.90 188
Endocrine 14 0.38 - 1.25 0.69 0.6 03 -1 1
Gallbladder 14 0.44 - 1,45 0.80 07 037 -138 1.
Leukemia (excluding myelo1d) 69 0.69 - 1.15 0 89 1.13 0.7 1 Iy
Liver 17 0.54 - 1.62 0 94 121 055 2 B
Melanoma 14 057 - 1.5 0.95 09 0uf 14 1
Multiple Myeloma 17 0.54 - 1.49 0.90 1.02 089 1 1,
Myeloid Leukemia 28 0.8 - 1.87 1.27 139 0 2w Ja
Non-Hodgkins Lymphoma 67 0.95 - 1 60 1.23 119 09 1Y tn
Pancreas 91 0.82 - 1.29 103 088 0eh 19 H
Prostate 442 0.85 - 1.04 0 94 0 92 08 1w 3
Respiratory System 538 0.80 - 0.96 0 88 08y 077 0 A
Soft-Tissue Sarcomas 23 050 - 1.39 0 84 G a8 Uhe  tan oo
Stomach 175 0.79 - 1.1 0.94 1 o8 1A Tali
Urinary System 226 076 - 1.02 0.88 090 0o/n 104 AN
(1) full model 1ncluded DDT, organophosphate, agriculture, urban/rural, education, ancome, fronch, arddmige arin

as terms

(2) the nearest spray block within 1 kilometer for each spray year were accumulated over yoare

NA nct applicable
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Table 4 37 Female Full Model (1) Relative Risk Estimates for Organophosphate Near-Distance Exposure (2) 8y Site and

Microscopic Confirmation

Microscopically
ALl Cases Confirmed
Point Point

Site Cases 95% C. Estimate Estimate 95% C.1. Cases
AL Cancer 2858 0.92 - 0.99 0.96 0.96 0.92 - 1.00 2546
Bramn 47 0.58 - 1.17 0.83 0.7 0.47 - 1.09 35
Endocrine 36 0.64 - 1.24 0.89 0.96 0.68 - 1.36 33
Gal Lbladder 24 0.84 - 1.80 1.23 1.27 0.83 - 1.95 19
Leubeima (excluding myelord) 58 0.70 - 1.22 0.92 0.99 0.63 - 1.56 22
Liver 1" 0.73 - 2.19 1.26 0.88 0.37 - 2.1 6
Melanomes 21 0.29 - 0.86 0.50 0.50 029 - 0.8 21
Muttypte Myeloma 13 0.31 - 1.21 0.61 0.66 0.31 - 1.40 1"
Myclord Leukemta 1" 0.45 - 1.93 0.93 1.33 0.61 - 2.92 8
Non-Hodgkins Lymphoma 55 0.90 - 1.51 1.16 1.15 0.89 - 1.50 53
Pancreas 74 0.81 - 1.29 1.02 0.95 0.67 - 1.35 33
Prostate NA NA NA NA NA NA
Respriratory System 119 0.8 - 1.20 0.99 1.03 0.84 - 1.26 96
Sott Trs,ue Sarcomas 33 0.74 - 1.54 1.07 1.1 0.76 - 1.62 N
Stomch 92 0.78 - 1. 21 0.97 1.05 082 - 1.3 70
Uirinary System 109 0.86 - 1.24 1.03 0.98 0.80 - 1.19 98

(1) futl model vncluded DDT, organophosphate, agriculture, urban/rural, educaticen, income, french, and mgration

as terms

() the nearest spray block within 1 kilometer for each spray year were accumulated over years

N et o yylbicabte
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CHAPTER V

DISCUSSION AND CONCLUSIONS

I. INTRODUCTION

This study was intended to provide a bausis for
proposing case-control studies of specific cancer sitews, it
warranted. It has estimated the level of site specific
cancer risk associated with 2 categories of pesticide spray
formulations used in the New Brunswick forest protection
programme using municipalities as units of analysis.

Two exposure indices were developed for each clans of
formulations, DDT and organophosphates, and Poisson
regression was used to examine the impact of these measurces
on cancer risk within the context of a global classitication
of cancers (25 site groupings). Six additional cancer oite:,
were examined based on a review of the pesticide and cancer

literature. These are:

a) non-Hodgkin's lymphoma (ICD-0:M%%9~-M%G4,M9069) ;

b) prostate (ICD-9:T185);

c) soft-tissue sarcoma (ICD-0O:M880-M8U/2);:

d) myeloid leukemia (1CD-0:M386);

e) leukemia (excluding myeloid) ICD-0O:M980-MU98% , 14007 -
M998);

f) multiple myeloma (ICD-0:M%730).
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potential confounders were considered and retained

in the final regression models. These are:

a)
b)
c)
d)
e)
£)
g)

Seven

other forestry spray:
agricultural activity:
urban/rural residence;
migration:;

education;

income;

language/culture.

of the 124 exposure/site/sex specific risk

estimates were found to have 95% confidence intervals that

excluded 1.

alone.

0. This is about the number expected by chance

The standardized incidence ratios per unit of exposure

were:

.94

.96

.88

.86

.41

.85

.88

(.89 - .98) for DDT and all cancers (females);

(.92 - .99) for organophosphates and all cancers

{females);
(.79 - .99) for DDT and breast cancer (females);

(.76 - .98) for organophosphates and intestinal

cancer (females);

(.17 - .98) for organophosphates and nasal, middle

ear, sinuses, nasopharynx cancer (females);
(.73 - .96) for DDT and prostate cancer (males);

(.80 - .96) for organophosphates and respiratory

and intrathoracic organs (males).
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Values within brackets are 95% confidence limits and all
exposure units are per number of times (years) within 1
kilometer of at least 1 spray block.

Five of the seven were for females and all seven indicate
a reduced risk of cancer in exposed persons. There is no
reason to expect exposure to be protective against cancer, and
these seven significant findings are interpreted as the
results of chance, urban risks of cancer (and relative
protection of rural populations), and/or the effects of
unidentified confounders.

All DDT/site analyses, with the exception of salivary
glands; nasal, middle ear, sinuses and nasopharynx; liver; and
eye, had at least 80% power to detect relative risks of at
least 2.5. All organophosphate/site analyses had simila
power with the following additional exceptions: ocsophaqgus,

larynx, gall bladder, and endoscrine organs.

IT. COMPARISONS WITH ESTIMATES IN THE LITERATURE

During the period 1952-1976, DDT and organophosphate
spray exposure scores ranged between 0 and 5, with cach unit
of exposure equivalent to a single year in which the
population of a municipality was within 1 kilometer of at
least 1 spray block. The average DDT score per municipality
for the 17 years 1952-1968 was 0.55 and the avecradqe

organophosphate score for the 14 years 1963-1976 wacs 1.48.
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Risk ratios based on average formulation-specific
exposure scores will be used for comparisons with the
literature. These are calculated by using the risk ratio
values for all cases (microscopically confirmed + others)
raised to the power of the average formulation-specific
exposure score. For example, a risk ratio of 1.5 per year of
DDT exposure becomes 1.25 (1.5 to 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
classification) were identified from the literature as being
of particular interest regarding possible associations with

pesticides. These were:

a) brain;

b) mouth and pharynx;

c) non-Hodgkin's lymphoma;
d) prostate;

e) 1liver;

f) gallbladder;

g) scoft-tissue sarcomas;
h) myeloid leukemia and;

i} leukemia.

The largest risk ratio for brain cancer in this study is
derived from a risk ratio of 1.2 (Table 4.26) per unit of
organophosphate exposure and, assuming average organophosphate

exposure, 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 a
risk ratio of 2.49.

Risk ratios in the literature for brain cancer ranged
from 0.72 to 5.00 [Delzell et al.,b1985; Alavanja et
al.,1987 ;Thomas et al.,1986;Blair et al., 1983 ;Gold et
al.,1979;Musicco et al.,1982] with the two studies having the
largest estimates (4.0, 5.0) [Gold et al.,1979;Mussico et
al.,1982] reaching statistical significance. The 2 lowest
estimates have 95% confidence limits that range between 0.26
and 1.8 [Alavanja et al.,1987;Thomas et al.,1986]. 'The
studies with the 2 highest risk ratios were case-contrc'
designs [Gold et al.,1979; Musicco et al.,1982].

The largest risk ratio for cancer cf the mouth and
pharynx in this study is derived from a risk ratio of 1.10
(Table 4.25) per unit of DDT exposure and, assuming average
DDT exposure, is 1.05 for males, with 95% confidence limits of
0.94 - 1.18. A maximum exposure of 5 years would result in a
risk ratio of 1.61.

Risk ratios in the literature for moutiz and pharynx
cancer ranged from 0.58 to 1.77 [Gallagher et al., 1984;
Williams et al.,1977;Delzell et al.,1985;Blair et al.,
1983;0lsen et al.,1987;Wong et al.,1984] with one
statistically significant estimate of 1.47 haviag a 95%

confidence interval of 1.12 - 1.93 [Olsen et al.,1987].
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The largest non-Hodgkin's lymphoma risk ratio in this
study 13 derived from a risk ratio of 1.23 (Table 4.36) and,
assuming average organcphosphate exposure, is 1,36 for males,
with 95% confidence limits of 0.93 - 2.00. A maximum exposure
at 5 years would result in a risk ratio of 2.82.

Risk ratios in the literature for non-Hodgkin's lymphoma
range from 0.61 to 2.6 [(Olsen et al.,1987;Delzell et al., 1985;
Priester et al.,1974;Burmeister et al., 1983; Schumacher,1985;
Alavanja et al.,1987;Milham,1971; Cantor, 1982]. The largest
upper confidence limit reported in the literature was 8.3
[Cantor, 1982].

All risk ratio estimates for prostate cancer for beth DDT
and organophosphates were below 1.0 (Tabkles 4.34 and 4.36).

Risk ratios in the literature for prostate cancer range
from 0.53 to 1.70 [Gallagher et al.,1984; Williuns et al.,
1977;Delzell et al.,1985;Blair et al.,1983;0lsen et al.,1987;
Alavanja et al.,1987;Burmeister,1983;Brownson et al.,1988].
The largest upper confidence limit reported in the literature
was 1.7 [Brownson et al.,1988].

The largest liver cancer risk ratio in this study is
derived from a risk ratio of 1.26 (Table 4.26) and, assuming
averaqge organophosphete exposure, is 1.41 for females, with
95% confidence limits of 0.63 - 3.19. A maximum exposure of 5
years would result in a risk ratio of 3.18.

Risk ratios in the literature for liver cancer range from

0.77 to 2.38 [Olsen et al.,1987;Blair et al.,1983;Stemhagen et
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al.,1983;Austin et al.,1987;Alavanja et al.,1987]. The
largest upper confidence limit reported in the literature was
6.9 [Austin et al.,1987).

The largest gallbladder risk ratio in this study is
derived from a risk ratio of 1.23 (Table 4.26) and, assuming
average organophosphate exposure, is 1.36 for females, with a
95% confidence limit of 0.77 - 2.39. A maximum exposurce ot &
years would have resulted in a risk ratio of 2.82.

Risk ratios in the literature for gallbladder cancer
range from 0.6 to 2.19 [Olsen et al.,1987]) excluding onc study
in which there was only 1 case [Williams et al.,1977]. Tho
largest upper confidence limit reported in the literaturc was
3.7 [Olsen et al.,1987].

The largest soft—-tissue risk ratio in this study is
derived from a risk ratio of 1.07 (Table 4.37) and, acsumineg
average organophosphate exposure, is 1.11 for tcnaless, with
95% confidence limits of 0.64 - 1.89. A maximum cxposure of Y
years would have resulted in a risk ratio of 1.40.

Risk ratios in the literature for soft-tissue sarcoma:s
range from 3.3 to 6.8 [Eriksson et al.,1981;Hardell,1921].

The largest upper confidence 1limit reported in the laiterature
was 22.5 [Hardell,b1981].

The largest myeloid leukemia risk ratio in this ostudy 1
derived from a risk ratio of 1.27 (Table 4.36) and, aszuming

average organophosphate exposure, is 1.42 for females, with
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95% confidence limits of 0.80 - 2.53. A maximum exposure of 5
years would have resulted 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
confidence limit being 3.44.

The largest leukemia (excluding myeloid) risk ratio in
this study is derived from a risk ratio of 1.05 (Table 4.35)
and, assuming average DDT exposure, is 1.03 for females, with
95% confidence limits of 0.86 ~ 1.22. A maximum exposure of 5
years would have resulted in a risk ratio of 1.28.

Risk ratios in the literature for leukemia (no studies
excluded myeloid) range from 0.43 to 3.00 [Pearce et al.,1986;
Williams et al.,1977:;Alvanja et al.,1987;Delzell et al.,b1985;
Blair et al.,1979;0lsen et al.,1987;:Blair et al.,1983;Wong et
al.,1984) with the highest upper confidence limit being 7.32
[Pearce et al.,1986] excluding certain results of studies in
which the number of cases were 2 or less [Wong et al.,1984;
Pearce et al.,1986].

The largest multiple myeloma risk ratio in this study is
derived from a risk ratio of 1.72 (Table 4.35) and, assuning
average DDT exposure, is 1.35 for females, with 95% confidence
limits ot 0.93-1.95. A maximum exposure of 5 years would
result in a risk ratio of 15.05.

Risk ratios in the literature for multiple myeloma range

trom 0.9 to 1.79 [Delzell et al.,1985;Milham,1971]. The 3
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statistically significant risk ratios ranged from 1.4 to 1./9
[Mclaushlin et al.,1988;Burmiester et al.,1983;Milham,19/1).

All of the results for those cancer sites selected tor
study based on the review of the pesticide/cancer literature,
with the exception of soft-tissue sarcomas, tall within the
range of values reported elsewhere.

Soft-tissue sarcoma relative risks reported in the
reviewed literature range between 3.3 and 6.8 [Eriksson ot
al.,1981]. Rate ratios for soft-tissue sarcomas from the
studies reviewed involve herbicide exposure exclusively.
Herbicide exposure 1is not contained within any ot the 1ndices
developed and used in this study.

The results of this study are also 1n close agreement
with those of a similar but less detailed study ot torcestry
spray exposure (1952-1968) and cancer mortality (1969-1921) 1n

New Brunswick [Spitzer,1985].

ITI. RATIONALE FOR THE ECOIOGICAIL ANALYSIS

The strength of prior evidence and cost were the two main
factors that affected the choice of an ccological otudy
design. An initial submission of a case-control study of
soft-tissue sarcomas and non-Hodgkin's lymphoma was rejeotod
on the basis that insufficient evidence was available at the
time to determine whether these two cancer sites, of thosoa

previously studied [Spitzer et al.,1984), were the mont 1likely
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to have higher risks associated with the spray programme. An
ccolog.cal study design was considered to be the most cost-
effective strategy to address the criticisms directed at the
previous proposal.

Furthermore, ecological analyses have, under certain
conditions, been shown to provide useful estimates of
associlations operating at the individual level [Susser,1973,

pg.51;Hakama et al.,1982].

1Vv. CONTROL _OF BTAS

Numerous systems for the classification of bias have been
proposed [Sackett,1979;Kleinbaum et al., 1982;Rothman, 1988].
The principal biases in this study are considered under the
headings "Misclassification" and "Confounding".

Although misclassification is associated with all data
collected, it is likely to affect some variables more than
others. The measurement of exposure and cancer incidence will
be considered under misclassification while the study

covariates will be considered under confounding.

A. Misclassification

Misclassification occurs when errors are present in the

data. 1t these errors are associated with both axes (exposure

and outcome) they may bias risk estimates in either direction,
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while misclassification on one axis only always biases riask

estim.tes in the direction of the null (i.e., toward the no-

risk point) [Rothman,1988,pg.84].

1. Spray Exposure

Several important errors are associated with the
calculation of exposure indices.

The margin of each spray block used may differ by as much
as 1.6 kilometers from the true spray margin even when the
information recorded accurately describes the spraying. In
the early years of the spray programme, navigation was maiinly
by landmarks such as roads and rivers rather than by
sophisticated electronic equipment, so that reporting error:s
may also be present. Despite the likelihood of more trequent
errors in rural areas where there are fewer landmark:s and
generally lower cancer rates, exposure is expected to be
underestimated as often as overestimated 1n rural arcas aned
therefore lead to an attenuation of risk ratio eutimate,

Wind direction at the time of spraying wao not reoeeords of
and therefore not available for analysis. The caloulatyon of
exposure scores based on distance alone will tend to over-
estimate actual exposure in settlements upwind to upray blaooch
and underestimate downwind exposures. Comnunitic:, with hiqgh

rates of cancer will be misclassified as olten as thowe with
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low rates, resulting in an attenuation of risk ratio
estir *tes.

The estimated geographical location of each settlement
centroid 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.
While the population distribution within some settlements is
nuclear in shape, others are spread along highways so that
true exposures within the settlement may vary substantially,
and any single summary estimate applied to the whole
scttlement may misclassify a part of the population.
Furthermore, as nuclear settlements increase in size they also
will be subject to similar exposure misclassification. This
aspect of exposure calculation wiil also act to reduce risk
ratio estimates in this study.

The attribution of exposure intensity is based on
assumptions regarding the deposition of spray in the
environment following its application and has important
1mplications for the estimation of risk. A misspecification
of exposure magnitude will lead to non-differential mis-
classification and a biasing of risk estimates towards the
null. Two different exposure models were used for each spray

formulation, and results were found to be in close agreement.



2. Cancer Incidence

The estimation of disease rates is aifected by the
methods and intensity of case ascertainment, which may vary
from place to place. The detection of differences between
rates is also influenced by the interval between spray

exposure and cancer occurrence (incubation period/latency).

a. Ascertainment

The New Brunswick Tumour Registry's main source ot data
is pathology reports. New Brunswick pathologists arc located
in urban centers within the province (Fredericton, Moncton,
Saint John, Woodstock, and the North Shore). Seventy-cight
percent of the hospitals beds in New Brunswick are situated in
towns, villages, or cities with populations greater than 2,000
persons (internal NB. Gov. memorandum, March 1930). It 15
possible that tumours are less likely to be detected 1n rural
areas or that they are less likely to be microscopically
confirmed. The latter case is one of the rerasons for
exanining all diagnoses of malignant tumourc. With roope ot to
the former it is unfortunate that cases identitied by death
certificate only were not uniquely identitied within the tile
used for analysis. However, in preliminary analyses the
proportion of cases by region of the province were examined

and were found to be similar to expected based on the
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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 cof risk estimates, as higher

exposure occurs in more rural areas.

b. Latency

The interval between first exposure to DDT and the
beginning of the case ascertainment period is 8 (1969-76) to
25 years (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 to chemical agents and
the onset of cancer is generally between 5 and 50 years
[Schottenfeld,1984] and has not been found to vary with dose
(Armenian and Lillienfeld, 1983].

Latency may, however, be shorter for chemicals that
promote rather than initiate cancer. Because DDT has not bee:n
shown to react 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

pesticides.
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It is possible that the latent period for organophosiphate

spray in this study was too short to detect an eftect on

cancer.

B. Confounding

Confounding bias is likely to be important in this study

because ecological data are subject to grouping bias

[Piantadosi et al.,1988].

Seven factors that might confound estimates ot health

effects of forestry spray exposures were

controlled for in the analysis:

a) urban/rural residence;

b) education;

c) 1income;

d) ethnicity (language/culture) ;
e) agricultural activity:

f) nmigration:

g) other forestry spray.

examined and

All of these except agricultural activity, urban/rur .l

residence, and perhaps ethnicity operate
individuals and are best controlled when
individual level. Agricultural activity
location are more likely to act globally

environment in which people live and are

at the level of
mecasured at the
and urban/rural
by affecting the

probably beast

measured at the ecological level regardlecss of the study
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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, Income, and Ethnicity

Urban/rural residence, education, income, and ethnicity
are important and correlated aspects of social structure and
have been shown to affect cancer mortality [Blot and Fraumeni,
1882 ;Myers and Manton,1977].

New Brunswick is a predominantly rural province with
approximately 53% of its population living in communities of
less than 2,500, Thirty one percent of the population lives
in 6 cities ranging in size from 9,818 - 80,521. The data
analyzed in this study excluded cities. Rural residence vas
defined as habitation within a community of less than 2,500.

Definitions of urban/rural location vary internationally
(Smith and Zopf,1976] and the definition used in this study is
more similar to that used by the US Census [Spiegelman, 1968,
Pg.295] rather than to the Canadian Census, which defines
urban versus rural by population density per square kilometer
[Stats Canada E-562,1982)].

Standardized incidence ratios for rural residence
(excluding specific consideration of pesticide exposure)
ranged between 1.09 and 1.83 in 14 of the 25 sites studied in

places with populations greater than 2,500. While the results
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from all sites combined are in agreement with results for
cancer mortality reported elsewhere [Myers and Manton,19//),
differences exist between site specific SIR's observed in thais
study and relationships observed in an ecological mortality
study by Blot and Fraumeni [1982]. Allowing for differonce:s

in site definitions, results are similar for the followiny

sites:
a) larynx;
b) nasopharynx;
c) endocrine organs;
d) intestine;
e) 1lymphoma and;

f) leukemia;

with rates for each of these being higher in urban arcas.
Notable differences exist for brain, pancreas, and salivary
glands, for which the ratios are above 1.0 in the literature
and below 1.0 in this study. The risk ratio estimate for
cancer of the nasal cavity in this study was 2.45 whercas it
was approximately 1.1 in the literature. Blot and Fraumrnj
[1982] found a risk ratio estimate for skin cancer of
approximately 1.0 whereas in this study the estimate was 1.2/,

Education and income are widely recognized as important
and related aspects of sociceconomic status (SES) . A number
of ecological studies have indicated that SES has an ef fect on
cancer mortality that is independent of the ecifcct of
urban/rural residence [Manton and Myers,1977;Blot and
Fraumeni,1982]. Education, income, and urban/rural residcnce

are positively associated in this study.
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In this study gallbladder, intestine, and skin cancer
demonstrate clear risk gradients in which risk increases with
both educaticn and income. The risks for these sites are also
elevated in urban areas.

Results from this study are not consistent with those of
a study conducted at the individual level in which low SES,
defined solely in terms of income, was found to be a risk
factor for lung, bladder, and stomach cancer [Siemiatycki et
al.,1988). They are in the opposite direction to those of
Siemiatycki.

An ecological study of cancer mortality found a positive
association between SES and colon cancer [Blot and Fraumeni,
1982]. Similar results were obtained in this study in which
intestinal cancer (small and large combined) was found to be
positively associated with education, income, and urban/rural
residence.

LCthnicity, defined in terms of the majority mother tongue
0! a municipality, operates at an ecological as well as an
individual level. Individual habits as well as the social,
and often the physical conditions under which people live
often retlect important aspects of cultural identity.

The concentration of French persons within specific areas
within the province will inevitably result in the expression
of 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



150
the French culture. The indirect measurement of thesc
culturally determined and potentially health related trait:s
through an ecological variable is therefore highly desirable.

Twenty-eight percent of the New Brunswick population are
French. They are concentrated along the east coast and noirth
shore of the province. 1In general the French population 1. ot
a lower SES than the English population, and though they tend
to be more rural, their communities are largely situated along
the coastline, more distant from the forest, and thercofore
less likely to be sprayed than English communities. Twenty
out of the 25 sites examined indicate an 1ncreased cancer ik

for the English, relative to the French.

2. Agricultural Activity

Agricultural activity within New Brunswick 1o
concentrated along the cleared areas throughout the Sarnt John
river valley. Given that similar pesticides are uced in
forestr, and agriculture, attempts were made to control thi-,
potential negative confounder. No consistent cancer trend.
were observed to covary consistently with agricultur.]
activity. It is possible that municipalities were not
sufficiently homogeneous with respect to agriculture or wpray

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,
cducation, marital status and sex; with age less than 30, a
university education, and rural areas having the highest rates
[Wilson,1933].

In the United States during the period 1955 to 1980, age
and educaticn specific out-migration from rural areas have
decreased dramatically relative to urban areas [Wilson,1988].

The impact of migration on the estimation of cancer risks
has been shown to systematically bias the site specific cancer
risks towards the null [Polissar,1980]. The degree of bias
varies by the length of the latent period, cancer site and
type of geographic unit. Based on tal! 2s provided by Polissar
1t is possible that this study may under-estimate risk ratios
by about 30-40%.

Out-migration from New Brunswick to elsewhere in Canada
hetween 1976 and 1981 was 7.2% [Stats Canada E-574,1983]. The
New Brunswick Tumour Registry does not have data on former New
Brunswick residents that develop cancer after their departure
trom the province. This will bias results in this study as
proportionately more persons leave the province from rural

areas where cancer risks are lower and spray exposure is




higher than urban areas where cancer risks are higher and

exposure lower. This will reduce risk ratio estimate:ss.

V. SAMPLE SIZE

Random errors associated with sampling variation are toan
less important within the context of this study than are the
potential systematic errors discussed previously. With the
exception of salivary glands; nasal, middle ear, sinusces,
nasopharynx; liver, and eye, all analyses for DDI' have a powel
of 80% or more to detect rate ratios that are 2.% or greater .
Similar statistical power is achieved for organophoophate:,

only for rate ratios of 5 or greater.

VI. GENERALTZABILITY OF RESULTS

The results of this study are generalizable to the cstent
that the results are free of bias and are relevant to caneod
risk at the level of individuals in other juriadiction:..

Several important variables in this study have heon
measured at the ecological level (spray e«posurc, urban/rural,
and ethnicity) and their effects controlled for in the
analysis.

The aggregation of the New Brunswick population 1nto
municipalities may have resulted in the confounding of the

exposure/cancer associations studied. To the extent that thi-
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grouping bias is associated with spray covariates measured at
the ecological level, it is controlled for in the analysis.
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,
urban/rural residence, was found to be in general agreement
with estimates i1n the literature, it is interpreted as
indicating that the uncontrolled grouping effect is probably
small.

The types of substances used in the spray programme are

similar to many pesticides used outside of forestry.

VIT. CONCIUSTIONS

The results of this study do not provide a basis for
recommending the implementation of case-control studies of
specitic cancer sites. Insofar as the conditions of exposure
with respect to the substances and quantities used are
applicable, the results of this study do not provide evidence
1n support of the hypothesis that forestry spraying of
organochlorine or organcphosphate pesticide formulations
etrther directly or indirectly causes cancer. In the case of
organophosphate pesticides, however, this must be qualified by
pointing out that the biases potentially present in this study
operate in the direction of reducing the magnitude of

detectable exposure effects.
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Due to the relatively short interval of time available
between exposure to organoprosphate formulations and case
ascertainment combined with the relatively low power ot
certain organophosphate/site analyses. the results should be
interpreted with particular caution as it may be too soon to
detect organophosphate specific effects.

Despite the exclusion of cities and sub-analyses in whioh
units analyzed were restricted to those with populations o
than 2500 persons, it remains possible that rates an oprayed,

largely rural areas, would be even lower 1n the abusence ol

spraying; that 1is, that pesticide exposure has caused <o
cancers and have reduced the natural advantage ot rural oved
urban areas in cancer incidence rates. Thi< hypotheoirs ¢ ot

be refuted by the data here due to the abuence ot a highly
rural segment of the New Brunswick population for which
exposure estimates could not be calculated. Under theos
circumstances it appears prudent to:

1) maintain exposure survelllance and
improve its quality throuqgh tiue
recording of wind direction data ot
the time of spraying.

ii) situate geographically the precontly
missing 12% rural segment of the
New Brunswick population.
iii) encourage the development ol more
precise dgeographical coordinatr tar

places within lew Brunswick.
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vii)
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encourage the New Brunswick Tumour
Registry to remain abreast of and
implement developments in the area of
geographical coordinates of

places within its jurisdiction.

encouraye the New Brunswick Tumour
Registry to consider extending the
cateqories of data collected to include
residential and occupational histories
as an aid to health surveillance.

extend the ascertainment period to
provide the largest number of cases for
study, thereby increasing the statistical
power of the analyses and increasing the
latent period for organophosphate spray.
1dent:fy population sub-groups such as
spray applicators and fish/shellfish
eaters that are at particularly high risk

of exposure.
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STATEMENT OF ORIGINALITY

This thesis examined the human cancer rish associatod
with exposure to pesticidal substances applieced to New
Brunswick forests. This i1s the first time that the
geographical distribution of incident cases ot cancer in Lew
Brunswick has been studied in relation to population baoad
forestry spray exposure. Previous studies have boeen
handicapped by the absence of detailed time, place and
formulation specific measures of exposure.

The analysis of the data in this study, unlihe proviou
studies, included other factors that have the potential to

confound the spray/cancer associations under conurderat von.

This study contributes more broadly to hnowledage an the
field of environmental epirdemiocloqgy and surverllanee by
demonstrating the feasihility and usefulncss ot develapineg

computerized data bases as a means of monitoring ril

associated with large-scale environmental crpooaire.
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1. INTRODUCTION

This Appendix surveys 3 broad substantive areas that
are important in attempts to evaluate the impact of the
aerial spruce budworm spray programme on the health of New
drunswickers.

While the spray programme is commonly referred to in
the singular, it is a haphazard array of different exposures
that have occurred over many vears. Assessing its impact
will present some difficult organizational challenges.
Because ot the extent of the material covered, even
superficial coverage of each area inevitably requires a
large volume of tactual material. The format and content of
this Appendix will provide an overview of the issues
involved 1n studying this type of programnne.

The tirst area, Environmental Considerations, opens
wlth a brief review of the history of the spray programne,
as it is potentially relevant to exposure to budworm spray
1n general. This i1ncludes some technical ainformaticn
regarding the evolution of aerial spray application methods.
Next is a discussion of issues pertaining to the detection
of spray residues in the environment, in order to establish
a context within which to evaluate the impact of spray
chemicals on aquatic, aerial, and terrestrial fauna. This
section concludes with a discussion of the acute toxic
citfects of specific spray tormulations and their components
onoorganisas in the environment. While the ultimate focus
of this study 15 on long-term (chronic) effects on humans of
aertally applied pesticides, acute effects 1n animals other
than mammals are i1ncluded both as an 1mportant environmental
conslderation 1n themselves and to provide a context for
discussion of spray distribution, spray residues, and
residue persistence within the environment i1n general.
Chronic ettects in mammals are reserved until the section of

this Appendix on toxicological considerations.
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The second area, toxicological considerations, presonts
information about the different substances used in the spray
programme. The physical characteristics ot the spray
components are examined, individually and where possible
jointly, along with the laikely conditions of exposure that
are relevant to each chemical's possible route of entry and
potential dose. The known aspects of a material's
carcinogenicity and mutagenicity within animal systems are

also explored.

ITI. ENVIRONMENTAL CONSIDERATIONS

A. The New Brunswick Spruce Budworm Spray Programme:

A Survey of Important Events

Over the period of more than 3 decades there have been
many changes 1in the spray programme. Some of thesoe changes
have increased the effects of the spray on the environment
and some have decreased them. Table AlL.l provides a summary
of the most important events.

During the first 5 years of the programme, small, slow-
flying aircraft were used for the aerial application ot
pesticides on both agricultural crops and torests in Hew
Brunswick. These planes used boom and nozzle spray
equipment and fla:w close to the tree tops at speeds of about
150 kilometers per hour. Unfortunately. no intormation 1+
available on: a) the droplet spectrum within the spray
aerosol generated by thesec ailrcratft, b) the amount ol wpray
intercepted by the forest canopy, c¢) the amount of opray
reaching the ground beneath the forest canopy, or d) the
amount of spray drifting off target. Dewpite this, it i
probably safe to assume that the droplet spectrum was coarse
by current standards. As a result of this coarsencos the
off-target drift was probably small. kecoent, 1ntensive
research into off-target spray drift has demonstrated that

aircraft height above the canopy, spced, and droplet moedian
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Table Al.1 TImportant Historical Milestones of The New Brunswick
Spruce Budworm Aerial Spray Programme: 1952 - 1983
fear Event
1952 First year that New Brunswick forests were sprayed
on a large scale for budworm control
14452 - 1947 Agricultural aircraft (Stearman)
were used tor sprayihg
1952 - 1966 Use of boom and nozzle spray equipment,

1953

1659

196,73

1967

l‘)():\

1974

1970

1950

which generated a ccarse droplet distribution

The fast Gruman Avenger World War II torpedo
bomber aircraft (TEM) was introduced

Only year since the inception of the
programme that spraying did not take place

Establishment of a no-DUI-spray (buffer) area of
.5 kilometers around salmon streams and rivers

Introduction of ultra-low-vclume (ULV) Teejet nozzles,
which produce a finer spray droplet distribution

A 3.5 km. no-fenitrothion-spray buffer area
was imposed around commercial blucberry fields

A formal mechianism was established for the
authorization of insecticide use in forest
insect control under the provisions of the
Canadian Pest Control Products Act

The use of phospnamidon, an organcphcophate
pesticide, was discontinued because of its towic
effects on birds

Buffer zones of 1l.o kilometers were

established arourd areas of permanent human
habitation, and zones of 400 meters around bodies of
water greater than 40 hectares and all major

rivers in the province

585 01l replaced diesel and %2 fuel oil as
diluents in the spray programme

Small praivate woodlots were included in
the spray programme
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diameters at point of release are important factors
assoclated with off-target drift.

Early aircraft also operated singly and navigated ustng
rivers, railway tracks, and other geographical markers asn a
basis for locating designated spray areas. Under these
conditions the potential for unintentional contamination was
high.

In 1958 the Gruman Avenger aircraft (TBM) was
introduced into the spray programme. Rocause of it:, aq.
and design, it could carry larger quantities ot upray
material enabling the spraying of larger arcas of torest pod
flight. In addition, its higher speed (27/ km./hr) caud
greater wind shear at the nozzle tips and a much tiner
droplet spectrum than that of slower aircraft. These
aircraft also flew at higher altitudes (appro=imately 100
feet above the treetops), which contributed to greator

of f-target drift. Soon after the intrcduction of the Gruman

aircraft, more sophisticated and precis,c navigational
methods were developed for spray application. Theoe alloucd
three TBM aircraft to fly 1in formation and lay out a joint

~wath of 610 meters under the direction ot a Cessna spotter
plane which gives instructions on when to turn the noszless
on and off.

Overswathing, in which two or more of the 3 adjoining
spray plane swaths overlap during spraying, has been bhlame
for sporadic bird kills by organophosphate pesticidoes . Ornee
stu-dy found high mortality and severely reducead reproduct jue
success among birds subjected to overswathineg
[Varty,19380,pg.27].

In 1963 a .5 kilometer zone was established around
salmon streams and rivers because of the adverse effoot of
DDT on this species. This area was sprayed with
phosphamidon at a rate of .5 lbs per acre [Fettela,19/7.7.

Ultra-low-volume (ULY) spray nozzles were ucsed on o
limited basis before 1968, when they were adopted for larege

scale use within the spray programme. This decrcased, by o
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factor of more than 3 the total volume of formulation
applied per hectare. Also in 1963 there was a dramatic
increase 1n both the areas sprayed per year and the
proximity of spraying to points of human settlement.

in 1974 a formal mechanism was established for the
duthorization of pesticide use in forest insect control
under the provisions of the Pest Control Products Act.

Spray programme organizers were required to have the
approval of the Department of Agraiculture for new
formulations.

In 1975 Hew Brunswick began to spray with aminocarb, a
carbamate insecticide, as an alternative to fenitrothion.
Aaminocarb has become varticularly popular for several
recasons., Organophospl ates in general and fenitrothion in
particular are relatively toxic to birds. At an application
rate of 210 grams per hectare, fenitrothicn comnes very close
to the lethal dose for many species of birds. It has been
suspected for many years that accidental overlapping of
fenitrothion spray swaths during aerial spraying is
responsible for avian toxicicty.

Aaminocarb, with an operational application rate of 70
gramss per hectare, does not have the same degree of toxicity
to birds. Spraying within 400 meters of all bodies of water
greater than 40 hectares and all major rivers within the
province was also banned in 1978. While this action
increased the percentage of unprotected forest, it decreased
the likelaihood of significant non—target exposure to spray.
In 1980, monitoring by the Environmental Protection Agency
ol I'nvironment Canada showed that the bufter zone resulted
in an 80% to 92% reduction 1n total spray deposits on
protected lakes [Ernst et al. EPS-5-AR-81-3,1981,pg.15]. It
was also 1n 1978 that 585 o1l was introduced as a
replacement for diesel and other fuel oils, which had been
used ag diluents in oil spray formulations since the
beginning of the programme. Because 585 o0il was produced at

temperatures below those at which polycyclic aromatic
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hydrocarbons (PAH) are produced, this change was welcomed by
many concerned persons. PAHs have been shown tu be
carcinogens in several animal systems and are suspected n
the etiology of some human cancers such as cancer of the
scrotum in chimney sweeps.

In 1980, small private woodlots were included i1n the
spray programme for the first time. An 1mportant proportion
of the productive softwood forest is located within the .

privately owned arcas.

B. Contamination of Air, Soil, and Water by

the Spruce Budworm Spray Programme

Evaluating the potential impact of a large and corgli

activity such as the annual New Brunswich spray progr oo q
aifficult because of the chemical, temporal, and geogr aphn
diversity of spraying over the years. Table Al.D2 1ot all
of the substances that have been documented as having been
used within the programme, a description of their gener.al

nature, and specific information concerning certain
important physical characteristics. In subsequent coct pans
these will be ccnsidered within certain broad cateqgoric -,
pesticides, formulation solvents, co-solvent., dituent .,
emulsifiers, and surfactants. Within the category ol
pesticides, organochlorine pesticides (cg. DOTY,
organophosphate pesticides (eg. fenitrothion), and carbonte
pesticides (eg. aminocarb) will aenerally be consideyod
separately. Hydrocarbon solvents, co-solvents, and d) baont:
will be considered separately from functionally cinilar
substances such as Dowanol that may cause different
toxicological responses. The assessment of long—term
environmental effects of individual or combined Zpray
components 1s often difficult because arcac are sSprayed
repeatedly year after year and different substunces are
sometimes sprayed from one period to the next, or even in

the same year. Consequently, it is often neccessary to rely



Table A1.2

Some Important Physical Characteristics Of Chemcal Substances
Uued 1n the New Brunswick Spruce Budworm Spray Progranme
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Luatstance

oor

Ph phaerdon

Tr.ochlorton

o thyate

Mot athion

Feontrathion

At v ety

Atlox Jalist

Toxamgl M9

Nonyl Pherat

Actotey b2

Deownol TIM

Totuene

Xy lone

Ao bt e

oo ol B

Fael 01l o8

Ol Hey

Nature and Use Density Molecul ar Boiling Vapour Freasure
(gm./mi.) Weight Point (deg C) (20 degq.C) atmospheres
(X 1/100,222,700)

organochlorine 1nsecticide 1.54 354.51 185-187 0 0168
organophosphate ynsecticide 121 299 69 162 33
organcphosphate 1nsecticide 1.73 257.44 100 10
ol qanophosphate 1nsecticide NA 229 28 NA 10
of Jarpho phate 1nsecticide 1.23 330 36 156- 157 16 0
ot ganephosphate 1nsecticide 132 277 2w 169 b3
Gath wnate insecticide 110 208.30 NA 22
ciglarfer 103 NA NA NA
onulsy frer NA NA NA NA
solvent 0 9% 215 0 NA NA
hydrccarton ¢n « alvent 093 NA NA NA

| &3 hydr scartaon co solvent 08¢ NA 179-207 hA
glycol methyl ether co-solvent 0,96 206 30 NA NA
chemical solvent 086 NA 169-110 NA
cheme al solvent 0 87 NA 137-139 NA
hydea artwn diluent 105 NA 230- 2460 NA
hyde e oen di luent 0 92 NA NA NA
hyarecar bon diluent 0 31 NA 177-343 NA
hydt ocarbon d' luent 0.83 NA 176-307 NA

NA - not avarlable or applicable, because 1n some cases they are not just one chemical compound



on laboratory data. The difficulties of extrapolating
laboratory results to the environment, including possibloe
differences in actual exposure or susceptibility, are noted

but will not be elaborated on any further.

1. Drift, Detection, and Persistence ot Residues

a. Drift of Residues

Two separate spray time periods can be usctully
differentiated. The DNT period extended from the itnception
of the spray programme in 1952 until DDT was bannad an 1o
The organophosphate pericd technically began 1n 190, and
was 1in use on a large scale by 1969. There are neveral
inportant differences ketween these two periro i, Moo
important, DDT was applied at relatively high volune <o an
o1l solution while fenitrothion and othe¢r orqganophospihiat.
pesticides were applied at low volumes 1n aqueous wolution
Therefore, as can ke seen 1n Table Al1.3 and Table Al g, the
quantities of both pesticide and organic diluent de creoed
dramatically. The decrecase in application rates per huot o
was primarily due to the adopticn of ultra-low-volume (')
spray technolcgy.

ULV concentrate spray generated Ly the teogyot nossle
used during the fenitrothion period are¢ calibrated teo
generate droplet median diamcters ot bctweon /0 and 100
nmicrons compared to droplet median diamcters of 2650- 500
microns during the DDT period (NIFCC 16G73,1%9/77,py. 17 .
These have been found to be similar for both witer anel ol
based formulations [Crabke et al. LTk-UA=GL, 17980, 009.1177.
Extensive research into the bchavior ot cpray acroool« b
also indicated that while differences 1n droplet median
diameters exist between applications by small arrcratt our
as the Cesna C-1388 and large aircraft ouch a< the Grunan

I'BM's, about the same percent of spray maus 19 contained



Table A1.3 Guantity of Pesticide Applied (1) (gr./ha ) by & Year Spray Period

Grganochtorine Organophosphate Carbsmate
DD1 Phosphamidon Trichlorfon Fenitrothion Aminocarb
Sptay Perod
LIV AP 1168 7 584 4 (VAR 05 o0 ce
15054 Vet 584 4 292.2 0.0 0.0 0.0 0.9
1961 1 erd 594 4« (?) 00 0.0 0.0 02
165 1764 554 4 (2) 35.0 (2)-140.0 60 140.2 (&) 280 1 00
[P P 00 35 0 (2) 140 O 0 140 2-280 1 09
Tard vr ® oy 35.0-140 0 L8 1-5¢3 2 Wl Z2-2'% 90 Ses v

Teid 1o 0 Gu (0] 00 210 & 52 1%

IRLR I AL 03 00 09 2100 70

<o

(1) calectition bay eod on data supplied by Forest Protection Ltd,
() teoadrcates thyt no intourmation was, recorded on the spray maps from which data 1n this table
wo e Caloagtatesd, data from the most recent preceeding of succeeding peried were substituted

ot U et te ot the quintity



Table A1.4 Quantity of Pesticide Adjuvants (1) Used in the New Brunswich
Spruce Budworm Spray Programme

Co-solvents (gm./ha.) Non-Water Diluents (gm /ha ) Fmutsytrer s (gn h oo
Spray Pertod
1952- 1955 1835.41-917.70 (2) 5484 .48 2742 24 () 00
1956- 1968 N7 TA (D) 2750 .24 (D) U
1969-1972 20 28 0.0 Ooohe
1973-1976 113 57-20 28 329.87 SO
1977-1980 & 94-20 28 915.42-809 42 wh 1Lt
1681-1983 703 72-21 11 809.42 650 3 2t
(1) Adjuvants are detined as chemicals ctner than water used 10 Sptay foremgition,,

calculations based on data supplied by forest Protection L=d (fkL )

(2) Because the actual co solvents and diluent o1ls used with DOT gur *rng the petvodd toom
1952-1968 (1nclusive) are unknown and because the percentage ot «ach fomul stion
component (v/v) 1s known only for some of the years in this period, the foltowing

values were substituted 1n the calcurations as best estimates

percentage co-solvent 2C%
percentage diluent orl 67.5%
co-sol vent density: .28 gm /ml
dituent o1l density 87 gm /mi.
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within droplets greater than 25 microns [Crabbe et al.
LTK-UA-56,Sept.1980,pg.21].

The volatile components of all formulations evaporate
rapidly after release from the spray nozzles. One study
estimated that the droplet meaian diameter of a ULV water-~
based fenitrothion formulation was reduced from 100 to
approximately S0 microns within a few minutes of release
trom the ircraft [Kristrmanson and Picot,Jan.1983,pg.17].
formulations have been developed so that no more then 50% of
tne formulation will evaporate before contact with the
forest.

At 500 meters downwind of the point of ULV spray
re-loase, droplets with diameters of about 4 microns
contribute the most to suspended spray aerosol with only
approsimately 190 ot the spray mass being in droplets larger
than 2% microns [Crabke et al. LTR-UA-56,5ept.1980,pg.207.
Sieveral factors, aside from evaporation, are respensible for

thi1s phenonencen., Teejet nozoles produce many droplets less

than ¢ microns in diameter [Crabbe et al. LTR-UA-G1,1982,
vy and while the forest canopy is an effective filter

tor certain droplet sizes it has little effect con tnese
small droplets. Pven under i1deal conditions anywhere from
JH=0840 ot the spray mass gets deposited on the targeted
toreot, Furthermore, climatic conditions such as wind
velocity and humidity along with local differences in
terrain may change deposits as much as 10-fold [NRCC
11104,1975,pg. 35;NRCC 16073,1977,pg.1E€ ). Research by Picot
and kristnansen suggests that droplet release height is one
! the most inportant tactor aftecting deposition rates
{t1cot and kristmanson,June 1981,pg.17]1. Operational spray
plane elevation during the fenmitrothion pericd is akout 20
neters [Besner et al. , 1982,pg.94]. However, due to
varilations in local terrain this may vary substantially.
Variations in wind speed complicate the calculation of the
olf'tset (dritt distance ot swath to target) leading to

navigational error. These factors combined with
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irregularities in forest cover also contiibute to variations
in deposition rates.

Other than the fact that those droplets under 24
microns are poorly intercepted by the torest canopy, little
is known about their distribution due to limitations in the
methods used to sample them. Kromekote card:s, cascade
impactors, and rotorod samplers are the methods commonl,
employed to collect data on droplet distributions.  Becanooe
these field methods are insensitive to droplet o boelee
30 microns in diameter, the experimental reaulta ot lonn
are used to extrapcoclate below this cut-oft [Picot and
Kristmanson,June 1981,pg.16].

Crabbe et al. found that 21% ot the sub-canopy
suspended material during 1 hour following spraying wou,
fenitrothion vapor and the remainder aerouol [LIR-UTA-
56,Sept.1980,pg.25]. Over the period of a day, vapio
exposure may exceed droplet exposure, but 15 highly
variable, and depending on ambient temperatures the amount
of vapor can vary as much as 10 fold {Crabbe ot ol LTR-
UA-56,8ept.1980,pg.25]. DDT vapor can be detected tor more
than 6 months after agricultural spraying [WHO,19/79,pg. 0.
The significance of vapor as a source ot cxposure wWill be
discussed in more detail within the context of worst-cane
and computer generated exposurc estimates 1m0 the tozicotogy
section.

The most sophisticated drift models cugrest that 247 of
the active ingredient is deposited within .% Kilomcter ot
the flight line and that .3% of the active 1ngredient -,
still airborne as vapor and small droplet, at &80 kilameton
(Varty,1980,pg.67]. On the basis of laboratory data
supplied by Picot et al. 1n 1730, result. ftrom computer
simulations apply primarily to active ingredient;
evaporation of co-solvents and diluents 1is rapid due to
their relatively high vapor pressurces. One hundred poercent
of these substances 1is expected to have evaporated within

7.5 kilometers from the spray line [Crakbe et al. LTP-UA-
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£,2,1920,pg.17}. Small aerosol particles, in the 2-20 micron
range, contribute most to long~-distance drift and generally
travel tor many tens of kilometers, hefcre they are removed
from the atmosphere. Fenitrothion residues 1.1 rain downwind
of spray bklocks i1n the order of .24 ppb have been detected
and a sample collected 85 kilometers from the nearest spray
block contained a residue level of .16 ppb. Residues in
rain collected within spray blocks has been found to contain
as much as 77 ppb [Yarty,1980,pg.68). Furthermore, Crabbe
hags denonstrated that the percentage of active ingredient
remalning airborne downwind beyond the area affected by
droplet sedimentation (approx. 500 meters) is affected by
the meteorologic corditions at the time of spraying. He
demonstrated that approximately 6% of fenitrothion remains
alrborne at 7.5 kilometers downwind of a spray block when
spraying takes place under turbulent conditions versus 16%
when applicaticon takes place under stable conditions [LTR-
UA-50,1830,py.11]. Traditionally, budworm spraying has
taken place in the morning and evening when conditions are
gqenerally stable, on the assumption that drift would be
minimized under these conditions.

Although similar data are not available for DDT use
within *he spray programme, residues of between .02 and .07
ppb in rain water have been detected in agricultural areas
where DDT was sprayed [WHO,1%79,pg.13]. In view of
similarities between agricultural and forestry spraying
during the DDI' pericd, it seems reasonable to assume that
these values would approximate those resulting from forestry

Cpraying.
b. Detection of Residues

The mobility, persistence, accumulaticn, and bioclogical
concentration ot chemicals, their isomers, and their
degradation products are important features of environmental

mpact assessments. Fairly extensive information is




available for the organophosphate and carbamate pesticide:.
used in the New Brunswick forestry spray programme, but le-. .
is known about the activity of their isomers or degradation
products, and still less about the substances used in thent
formulatien. However, the organophosphate and carbamate
pesticides are generally viewed as non-persistent.

Detection limits vary according to mcthods ot analyur-.
used. Table Al1.5 lists the limits most commonly reported in
the literature for some of the pesticides used 1n the spra,
programme and shcws that levels of detectiron tor organo-
phosphate and carbamate insecticides are similar in all
media. However, accurate measurement of aminocarb 1n
water 1is difficult because cf 21tg instability in that mediun
(Varty ,.1980,pg.631].

Table Al.6 lists the half-lives of some ot the upray
components in air, water, soll, sediment, and cortain ani ol
tissues. With the exception of DDT', these subustances appe
to have residence times in the environment in the range o
minutes to days. While fenitrothion, discolved 1n wateoer,
has the longest half-li1fe except for DDT, the proportion ot
the total amount in this form 1s probably small 1n view ol
its relative insolubility in water and 1ts rapid evaporation

from the surface of water.

c. Biologic Persistence of Residues

An important aspect of biologic peruistence 15 the patee
at which a compound is absorbed relative to its rate of
excretion. Table Al.7 lists the accumulation cocfticient,
for some cf the most common budworm spray compounids used gn
the past. From these figures, aminocarh appoars unlikeldy t-,
attain high tissue levels or to remain scquestered n
tissues for extended periods of time. Care, however muot b
exercised in the interpretation of these recults because of

the importance that time since initiation ot cuposure csert

0



Table Al1.5 Detection Limits for New Brunswick Forestry Spray Components

Foliage Water Soil Tissue
Substance
Pesticides
hrinocarb 10 ppb (3.) .01 ppb (3.) 10 ppb (3.) 10 ppk (3.)
Ie nitrothion 10 ppb (5.) .01 ppb (3.) 10 ppb (3.) 10 ppb (3.)
I'hosphamidon NA 10 ppb (1.) 5 ppb (1.) 5 ppb (1.)
Trichlorton NA 10 ppb (1.) S prb (1.) 5 ppb (1.)

Co-solventss, Solvents,

'vulositiors

Heyl henol

200 ppb  (4.) 1.0 ppb (2.)

100 ppb (4.)

1000 ppb (4.)

Rotfoereoncns:

(O8N

4.

Ernst et al. EP5-7-AR-81-1,1981
Ernst et al. EPS—-5-AR-81-3,1981
Varty, UNB, 1980

NRCC No.18979,1982

HA  not available



Table Al.6 Half-Lives of Certain Spray Components in Diftferent Madia

Medium Half-Life Reforon o
Substance
Aninocarh air (vapour) 38 mins. 1.
water (river) 1-18 days 1.
DDT air 3.3 yrs.
water 4.4 yrs,
soil 5.3 yrs.
Fenitrothion air (vapour) 61 mins. a.
water (dissolved) (1) 60 days 1.
water (surface) 18 mins. 1
foliage (surface) 4 days .
sediment 10-15 hrs. 2.
Nonyl Phenol water (pond,stream) 3 hrs. 3.
foliage (surface) 3 hrs. 3.
salmon 6.0 hrs. 1.
mussels 8.5 hrs. 1.
535 Oil sea water 1.0 hr. 2.
References:

Ernmst et al., 1981

Varty,UNB, 1980

NRCC No.18©79,1982

Besner et al.,b1982

Crabbe et al.,LIR-UA-56,Sept.1980

(S SN OV IR I

(1) fenitrothion's half-life in acidic media is much lorvjer



Table Al.7 Accumalation Coefficients of Some Spray Components

Species Accumulation Time Reference
Coefficient (1) Period
Spray Component

Pesticides
Aminocarb rmssels 4 NA 1.
Fenitrothion mssels 78-130 NA 1.
clams 19-35 NA 1.
trout 400 12 hrs. 2.
84 72 hrs. 2.

Pesticide Adjuwants

Nonyl Phenol mssels 10 NA 1.
salmon 250 NA 2.
585 0il mssels 153 NA 1.

References:

1. varty,1980

2. Emst et al.,1981

(1) accumilation coefficient is the ratio of the rate of uptake to
the rate of excretion

NA not available
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on coefficient estimates 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 DDT.

(1) Residue levels Detected in Air

It is apparent from Tables Al.8 and Al.9 that neither
aminocarb or fenitrothion is present in high concentrations
beneath the forest canopy. This is not particularly
surprising in view of the effective filtering action of
foliage. Concentrations vary according to both hour of
application (morning or evening) and hour of measurement.
Typically, an evening application results in a high initial
peak that declines over a period of hours, followed by a
rise the next day to a level of about 10% of the previous
evening peak. Morning applications result in initial peak
values somewhat higher than those of evening applications,
followed by a gradual dissipation over time [Varty,
1980,pg.68)]. As mentioned earlier, one hour after
fenitrothion spray was applied by TBM aircraft,
approximately 3uU% of the sub-canopy suspended material was
in the form of fenitrothion vapor and the remainder as
acrosol. The aerosol droplets are expected to be in the
sub—-2% micron range as they are poorly filtered by the
forest canopy. The pesticide vapor continues to drift
downwind with the aerosol cloud but it is suspected that
eventually all of the downwind fenitrothion concentration is
in the form of vapor [Crabbe et al. LTR-UA-56,Sept.1980,
pg.277.

Temperature affects the relative amounts of a compound
in 1ts vapor and liquid phase. Thus, fenitrothion vapor
levels tend to rise over the course of the day as ambient
temperatures rise. Neither fenitrothion nor aminocarb are

expected to persist for long because of their short




Table Al.8 Chemical Residue Levels of Aminocarb and Adjuvants Detected
In the Enviromment and Different Animal Species

Medium Level Time Period Rotorence
Residue
Aminocarb sub-canopy air < 1 ppb <1 hr, 1
pond water 2.1 ppb NA 1
stream water 2.6 ppb NA 1
river water 3.3-24.2 ppb 5 hrs. 1
lake water 2.4 ppb 48 hrs. 1
water reservoir .9 ppb 1 week 1.
sediment 20.2 ppb 5 min. post-spray 2.
sediment 3.0 ppb 30 min. post-spray J
sediment .1 ppb 1 hour post-upray 2
sediment. 3.0 ppb 1 hour pout=spray !
foliage 17-37 ppb 1 year 3
fish tissue 500.0 ppb 12-24 hrs. post-ipray |
fish tissue < 20.0 ppb 96 hrs. post—tpray 1
Aminocarb Adjuvants
Nonyl Phenol flowing water 2.3-9.1 ppb  1-4 hrs. 3.
flowing water < 2 ppb 5 days 3.
stagnant water 1100 ppb 4 hrs ).
stagnant water 110-2.4 ppb 6-48 hrs. 3.
sediment 50 ppb NA 3.
References:
1. Ernst et al.,1981
2. Besner et al., 1982
3. NRCC 18979,1982
4. Crabbe et al.,ITR-UA-61,1982

NA not available
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Table A1.9 Chemical Residue Levels of Fenitrothion Detected
In the Envirorment and Different Animal Species

Medium Level Time Period Reference
Pesticide Residue
Fenitrothion sub—canopy air < 1 ppb < 1 hr. 7.
stream water 40-50 ppb NA 1,
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.
foliage 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 hours 1.
bird tissue,
no cancpy 45-244 ppb 8 hours post-spray 5.
bird tissue,
canopy 19-39 ppb 8 hours post-spray 5.
bird brains .01-7.05 ppb NA 3.
References:
1. Ernst et al., 1981
2. NRCC 14104,1975
3. Varty,1980
4. Besner et al., 1982
5. NRCC 16073,1977
6. NRCC 18979, 1982
7. Crabbe et al. LTR-UA-61,1982

NA not available



half-lives in the vapor phases. DDT vapor levels of less
than 1 part per billion [(WHO,1979,pg.12]}, however, have been
detected more than 6 months after agricultural spraying.

(2) Residue Levels Detected in Water

Aminocarb and fenitrothion residues in water appear
similar and range downward from 50 ppb to less than 1 ppb.
over periods of hours to weeks. Partitioning ot parent
compounds, their isomers, and degradation products acrous:s
water, suspended matter, and sediments has been reported tor
DDT, aminocarb, and particularly fenitrothion [Varty,6 M-X-
67,1976,pg.15;Besner et al.,1982,pg.7]. Fenitrothion hag
been shown to bind at a rate of 500 micrograms per gram ot
sediment, dry weight, and has a half-life of 10 to 1% hour-
[Varty,1980,pg.70]. It is, therefore, somcwhat surprising
that many studies have consistently failed to detect
fenitrothion residue levels in sediments [Ernst et al. Ebo-
7-AR-81-1,1981,pg.50)}. Trichlorfon, another organophosphate
used in the past, does not seem to accumulate to any

appreciable degree in sediment.
(3) Residue Levels Detected on Foliaqge

Under optimal conditions, anywhere from 25 to 8%% of
emitted spray is deposited on the forest canopy with residuc
deposits on foliage in the order of 2 to 4 ppm [HRCC
14104,1975,pg.35]. Results of studies conducted by Yulr anc
Duffy [(1972] indicate that 50% of the deposit evaporates
within 4 days, 70-85% disappears after 4 weeks, but that a-
much as 10% persists for up to 1 year [Crabbe et al. LTR-U/-
56,Sept.1980,pg.17]. These levels after onc year are
sufficient to cause 36-68% mortality among sawfly larvac
which fed on the foliage [NRCC 18979,1922,py.88].
Furthermore, there is evidence to suggest that there are

fewer macro-invertebrates responsible for the decomposition
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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,
perhaps as a result of its rapid breakdown when exposed to
light; its main decomposition products from foliage deposits
being methylamino matacil [Ernst et al. EPS-7-AR-81-1,1981,
pg.57]). Trichlorfon, used primarily in forests adjoining
blueberry producing districts, is considered to persist on
foliage for times on the order of days [Varty M-X-87,1978,
pg.21]. The high levels of fenitrothion residues detected
in trece moss have been of some concern because of the
importance of was in the diets of certain bird species, such
as the white throated sparrow. The amount of moss and
contaminated insects consumed by this species could deliver

dosages high enough to impair growth [Besner et al., 1982,

pg.63]

(4) Residue Levels Detected in Soil

Soil beneath the forest is not considered a major site
of contamination. No more than 5% of emitted spray is
expected to reach the soil beneath the forest canopy [NRCC
14104,1975,pg.35]. However, washout can cause secondary
contamination of soil. Both fenitrothion and aminocarb are
degraded by microorganisms in the soil with fenitrothion
being degraded principally to amino fenitrothion [NRCC
14104 ,1975)] and aminocarb principally to des-aminocarb and
aminocarb phenol [Ernst et al. EPS-7-AR-81-1,1981,pg.57].
Although similar residue data for DDT could not be found,
residues of 750 to 2,030 have been reported in agricultural
soils [WHO,1979,pg.46].
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(5) Residue Levels Detected in Animal

Tissue

Organisms inhabiting the upper regions of the torest
canopy are at the greatest risk of exposure to spray
substances (Table Al1.9). O0f all the residue data obtained
from the literature, arthropods were consistently tound to
have the highest residue levels. Although reports of
residue levels for aquatic invertebrates were not tound,
their effects on these populations are documented for
phosphamidon, trichlorfon, fenitrothion, and aminocarb
[Varty,1980,pg.52 ;Ernst et al. EPS-7-AR-81-1,1981,pg.34;
Varty M-X-87,1978,pg.8].

C. Impact of the Spray Programme on Organisms

Inhabiting Different Environments

Tables Al.10, Al.11, Al.12, and Al1l.13 list mean lothal
doses for many of the substances used in the New Brunawich
spruce budworm spray programme. These provide a frame ol
reference against which to evaluate the plausibility ot
harmful effects within the context of potential levels of
contamination within the environment.

While acute effects are only one aspect of possible
injury, very little information is available on the chronic
effects of long-term exposure on many of the organiums under
consideration. In the case of mammalian species 1n gencral,
laboratory research is sometimes available to help bridge
some of these gaps. In general, prolonged ervposures to
either the organophosphate pesticide fenitrothion or the
carbamate pesticide aminocarb have not been linked to
chronic effects such as slower responses to predators,
growth restriction, or reproductive irregularities, as ha.
been the case for DDT [Varty,1980,pg.16].
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Table Al.10 Acute IC50's for Aminocarb and DDT in Different Animal Species

Substance Species Exposure IC50 Reference
Aminocarb marine shrimp contact .2 ppm 1.
daphnia (1) contact .02 ppm 5.
salmon contact 8.7 ppm 5.
trout contact 8.9 ppm 5.
bobwhite oral 31-41 ppm 5.
starling oral 212 ppm 5.
ducks oral 2552 ppm 5.
rats oral 20-30 ppm 5.
rats contact 275 ppm 2.
rats inhalation (2) .10 ppm 5.
DT salmon contact .05 ppm 2.
ducks oral > 2240 ppm 2.
rats oral 87-500 ppm 2.
rats dermal 1931-3263 ppm 2.
rats intravenous 47 ppm 3.
rabbits dermal 2820 ppm 2.
rabbits intravenous 30-41 ppm 3.
cat intravencus 32 ppm 3.
dog intravenous 68 ppm 3.
monkey intravenous 55 ppm 3.
References:

1. Emnst et al., 1981

2. Prebble,1975

3. WHO,1979

4, Health and Welfare Canada, 1975

5. NRCC 18979,1982

(

(1) daphnia is a water flea
2) 4 hour exposure period
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Table A.1.11 Acute IC50's for Organcphosphates in Different Animal Specien

micryy, boo

Substance Species Exposure LCS0
Dimethoate trout contact 20 ppm
ducks oral 41.7 ppm
rats oral 155-500 ppm
rats dermal < 150-1150 ppm
Fenitrothion daphnia contact <.32 ppn
bees contact .04
salmon contact 1.4 ppm
trout contact 1.9 ppm
ducks oral 1190 ppm
rats oral 250-670 ppm
guinea pig oral 1850.0 ppm
Phosphanidon salmon contact 11.0 ppm
trout contact 6.0 ppm
ducks oral 3.05 ppm
rats oral 15-33 ppm
Trichlorfon salmon contact 6.3 ppm
trout contact 3-4.8 ppm
rats oral 450-699 ppm
rabbits dermal 5000 ppm
References:

EPS-5-81-3,1981
Ermst et al., 1981
NRCC 14104,1975
Prebble, 1975

WHO, 1979

Rotot o

S N D
P S T
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Table Al.12 Acute ILC50's for Spray Components in Different Animal Species

Substance Species Exposure 1Cs0 Reference
Co-solvents and Diluents

Aerotex 3470D trout contact 2.7-5.0 ppm 2.

Cyclosol 63 daphnia contact 13.0 ppm 1.
trout contact 17-20.0 ppm 1.

Diesel 0i1,

Fuel 0Oil #2,#4 trout contact 1000.0 ppm 2.
rats oral > 8000.0 ppm 4.
rats contact > 4000.0 ppm 4.

585 0il trout contact 206.0 ppm 2.

mulsifiers (surfactants)

Atlox 3409F trout contact 4-56 ppm 2.

Nonyl phenol marine shrimp contact .4 ppm 2.
daphnia contact .14-.19 ppm 1.
clams contact 5.0 ppm 3.
trout contact .56-.92 ppm 1.
salmon contact .9 ppm 2.
rats oral 400-2462 ppm 4.
mice oral (1) 1231 ppm 4.
rabbits contact 1900 ppm 4.

Toximul MP-8 Mammals oral > 1000 ppm 5.

Referonces:

U W N =
. e e s

(1) in cormn o0il solution

EPS-5-81-3,1981
EPS-7-AR-81-3,1981
Varty,UNB, 1980
NRCC 18979,1982

. ECPHOMA, 1981
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Table Al.13 Acute IC50's for Spray Formulations in Different Animal Specieu

Formulation Species Exposure IC50 Roteronce

Aminocarb/Nonyl Phenol/

Hydrocarbon Oil daphnia contact .1-.4 ppm 3.

(Matacil 1.8D) salmon contact 3.5 ppn l.
trout contact 1.58-5.6 ppm l.
rabbit dermal 164-132 ppm 3.
rat inhalation(l) .42-.41 ppm i,

Aninocarb/Ethanol/

Propylene Glycol rats oral 30 ppm j.
guinea pigs oral 60 ppm 3.

Aminocarb/Ethanol/

Propylene Glycol/

Hydrocarbon Oil rats oral 17.1-25.5 ppm 3.
rats dermal 148 ppm 3.

Aninocarb/Water daphnia contact 1.1 ppm 3.
trout contact 21 ppm 5.

DDT/031 (2) rats oral 250 ppm .

Fenitrothion/Aerotex/

Fuel Oil trout contact 5.6-18.0 ppm 1.

Fenitrothion/Cyclosol 63

(23%/76.4%) daphnia contact < .03~.18 ppm 1.
trout contact 4.2-5.7 ppm I,

References:

1. Emst et al.,1981
2. WHO,1979
3. NRCC 18979,1982

(1) 1 hour exposure period
(2) type of 0il not specified
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(1) Impact of Spray on Terrestrial
Invertebrates

The arthropod inhabitants of the upper forest canopy,
such as the budworm, are at the greatest risk of exposure to
spray compounds. DDT is well known for its lack of
specificity with respect to insects. The organophosphate
pesticides in general and fenitrothion in particular cause
extensive mortality.

Of all insect species, bees seem to be the most
sensitive to fenitrothion. The contact LCS0 for bees has
been determined experimentally to be 0.15 micrograms per bee
[Besner et al.,1982,pg.68]}. Data showing a low abundance of
bumble bees in blocks sprayed with fenitrothion compared to
untreated areas led, in 1963, to a ban on fenitrothion
spraying of forests near commercial blueberry fields.
Trichlorfon was sprayed in these areas because of its low
toxicity to honey bees [Varty M-X-87,1978,pg.11] and in 1976
the buffer area was increased to 7 kilcmeters. Trichlorfon
is not, however, of low toxicity to some other insect
species. Mayflies, stoneflies, blackflies, caddisflies and
midges appear to be particularly susceptible to trichlorfon
residues within the environment approaching the LC50's for
these species [Ernst et al. EPS~7-AR-81-1,1981,pg.10].

One study concluded that. although fenitrothion reduced
bee populations in May and June, recuperation appeared to
occur later in the summer [Varty,1980,pg.60].
Interestingly, areas sprayed with aminocarb show an
abundance of bumble bees. Exposure cage experiments have
also demonstrated the low order of aminoccarb's toxicity to
bees and some have speculated that the abundance of bees in
aminocarb sprayed areas may result from the destruction of !
bee predators such as spiders [Varty M-X-87,1978,pg.14].

Aminocarb is toxic to spiders and adult chalcid wasps [Varty
M-X-87,1978,pg.15].




Conversely, the results of a 4 year study of forest
arthropods indicates that spider populations are unaffected

by either fenitrothion or aminocarb [Besner et al., 1982,
pPg.6].

(2) Impact of Spray on Aquatic
Invertebrates

surface waters such as lakes, rivers, streams, and
reservoirs become contaminated by spray residues by either
direct surface contact or washout from contaminated soil.
Many aquatic invertebrate species are susceptible to
pesticides; for example, DDT at spray rates of 560 gm./ha.
completely suppressed insect emergence for up to » weeks
[NRCC 16073,1977,pg.393]. The effects of pestic des on
aquatic invertebrates have been extensively studied. Again,
little is known about the effects of other spray formulation
components or their combined effects as formulated. 1In 1978
aerial spraying in New Brunswick was banned within 400
meters of all bodies of water greater than 40 hcctares and
all major rivers. Therefore, with the exception of streams
and rivers too small to be seen, navigational error, or
contamination through accidental spillage, the overall
situation described below has changed since that time. An
evaluation of the effectiveness of the no-spray (buffer)
zones by the Environmental Protection Servic: of Environment
Canada indicated reductions in lake water of about 56%
[(Ernst et al.,EPS-5-AR-81-3,1981,pg.15].

0f particular interest has been the cateqgory of benthic
insects, which are a principal part of the diet of many
predacious species of fish such as trout and salmon. A: can
be seen from Table Al1.8 and Table Al.9, fenitrothion and
aminocarb residues range between < 1 ppb and 50 ppb, Honyl
phenol (an emulsifier used in some aminocarb formulations)

attains levels of over 1 ppm which, exceeds the LCS0 level
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for certain invertebrate species such as marine shrimp and
daphnia (Table A1.12).

Nonyl phenol was first used in the spray programme with
the introduction of aminocarb formulations in 1974. Like
other polyethoxylate non-ionic surfactant agents contained
in many of the spray formulations, such as atlox and
toximul, nonyl phenol acts biologically to increase
lipophilicity which probably partially accounts for its
accumulation coefficient of 10 in mussels (Table Al.7).
However, despite its initial residue levels it is not very
persistent in water, as indicated by its 3 hour half-life in
this medium (Table Al.6).

Fenitrothion decreases the population size of stream
invertebrates (benthos) [Ernst et al. EPS-7-AR-81-1,1981,
pg.34]. The threshold for the induction of benthic movement
downstream caused by fenitrothion has been estimated to be
20 ppb [Besner et al.,1982,pg.74] which is within the range
of residues detected in streams (Table Al.9). Monitoring of
aquatic incects following spray indicates that the actual
kill rate may only be about 5% [Varty M-X-67,1976,pg.9], and
one study found that population levels had returned to
normal within one month of spraying [Varty M-X-87,1978,pg.8]
though another found that the population had not stabilized
by 6 weeks [Ernst et al. EPS-7-AR-81-1,1981,pg.34].

The highest aminocarb residue level detected in water
was 24.2 ppb (Table Al1.8). This is below the estimated
threshold level for the induction of benthic drift [Besner
et al.,1982,pg.74]. The accumulation coefficient of 4 for
aminocarb in mussels is low compared with other substances
tfor which this type of data is available (Table Al.7).

Mot surprisingly, therefore, reports in the literature do
not indicate that aminocarb, at levels resulting from its
typical operational application rate of 70 gm./ha. has a
significant impact on agquatic invertebrates [Varty M-X -
67,1976,pg.9;Ernst et al. EPS-7-AR-81-1,1981,pg.34;Varty

M-X-87,1978,pg.8]. Even experimental introduction of more




than 3 times the amount expected under operational spray
conditions failed to demonstrate adverse effects on aquatic
invertebrate populations [Varty,1980,pg 49].

Practically no information on residue levels or the
effects of sprav formulation adjuvant oils on aquatic
invertebrates could be found in the literature. Table Al.6
indicates that 585 o0il, which replaced fuel oil #2 as an
adjuvant oil in 1978, is not very persistent in water, but
has a very high accumulation coefficient (Table Al1.7).
Also, hydrocarbon oils are insecticidal and have even boen
used in agriculture because of this property, so it is
plausible that the petroleum oil components of spray
formulations may disrupt certain aquatic invertebrate
populations. However, given the fact that a large
proportion of the mass of these <compounds is likely to havoe
evaporated before contact with ground based surfaces, the

degree of disruption is probably small.
(3) Impact of Spray on Fish

In 1963 DDT spray was banned within 0.8 kilometer: of
major salmon producing streams because of the toxicity of
DDT on this species. An organophosphate pesticide,
phosphamidon, replaced DDT spraying in these areas and
thereby heralded not only the operational introduction of
this new class of pesticide into the spray programme but
also what was to become a series of pesticide substitutions
as each new compound was found to have new toxzicity
problems. While Tables A1.10 and Al.11 indicate that bbr
is more than 200 times more toxic to salmon than
phosphamidon, it also was discontinued, in 1976 becausce of
its toxicity to perching birds [Ernst et al. EPS-7-AR-21-1,
1981,pg.45]. The substitution of trichlorfon for
fenitrothion in 1968 around blueberry fields {Wood,1980]) ig

another example of this trend.

s

(=
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In general, the LC50 levels for all 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 Al1l.13.
Of all these substances, the safety margin appears to Le 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.

.latacil, a commercial budworm spray formulation,
contains 18% 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.

Despite its relatively narrow margin of safety, the
comparison of fish populations from areas with and without a
history of intensive spraying suggests that fenitrothion has
not depleted the populations or 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 well as consumption of insects or
vegetation. Spraying takes place in May and June when birds
are also subjected to the physical and psychological
stresses of migration and the onset of breeding [Varty M-X-
67,1976,pg-3]. Problems with pesticide toxicity in birds

have 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 several species of birds of prey.
DDT applied at rates of 1,121 to 5,607 grams per hectare
also causes extensive mortality among many different bird
species [Dunlap,1981,pg.77]. Table Al.3 indicates that
quantities of DDT used in the early years of the New
Brunswick forestry spray programme are within this range.
Research carried out in 1951 on a tract of land sprayed at a
rate of 2 pounds DDT per acre per year (2 times the annual
rate applied on New Brunswick forests in the carly %0's)
over a 5 year period indicated a 26% decrease in the
breeding population of birds [Dunlap,1981,pg.93]. Other
research showed that the ingestion of 20 ppm DDT by guail
decreased both the hatching of eggs and survival of hatched
chicks [Dunlap,1981,pg.93]. Tissue concentrations ot DDT in
predacious fish and birds can reach tens of thousands ot
times the concentrations in their habitats.

With the exception of dimethoate and phosphamidon,
experimental research into the oral toxicity of spray
programme pesticides in ducks indicates acute toxicity
occurs above 1000 ppm (Table Al1.10 and Table Al.11). The
maximum air concentration of pesticide detected following
spraying is .44 ppb of fenitrothion [Besner et al.,1982,
pg.101]. Other data collected in the field indicate that
the threshold of fenitrothion for acute eftects 1n sensitive
bird species is just above application rates of 210 gram.
per hectare, and some very sensitive species show effocatn at
about 140 grams per hectare [NRCC 14104,1975,py.62]. Other
organophosphate pesticides used in the past were morc toric
to birds than fenitrothion; both dimethoate and phosphamidon
were discontinued because of their impact on sensitive bird
species.

Kinglets and white throated sparrows are considered to
be the species most vulnerable and sensitive to the toxic
effects of spray because they inhabit the upper forect

canopy and eat contaminated insects.
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III. TOXICOLOGICAL CONSTIDERATIONS

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 Al.2
contains a list of important compounds used operationally and
some 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
available, 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 compounds 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 with particular types of
pesticides. This approach is to facilitate understanding of
those aspects of exposure that are of greatest relevance to
the assessment 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
most 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 compounds within each formulation category can beo
useful in understanding a compound's physical behavior in the
environment. To the extent that this behavior is predictive
of either the compound's available dose or probable route ot
entry into the body, it will be useful in the assessment ot

exposure. Important physical attributes of chemical compound.

include:
a) vapor pressure
b) photolability
c) stability at various pH levels

d) susceptibility to hydrolysis
e) polarity
£) molecular weight

g) lipid/water partition coefficient

Compounds with high vapor pressures evaporate rapidly
from surfaces with which they come into contact. This
characteristic has important implicaticns for substances
released into the air in the form of aerosols at a distance
from their point of contact. Under these conditions, ¢ (lv o
small proportion of the total quantity released 1~ 1li,~ -« to
reach its target. The vaporized component, depending on 1te,
stability may undergo rapid phototransformation or remain 1n
the atmosphere where it may react with other substances or e
washed out.

The chemical reactivity of a compound is mainly
determined by its degree of polarity. Highly electrophilic
compounds are generally the most reactive.

Once a compound leaves the air to enter a water systom,
its persistence is most affected by its susceptibility to
hydrolysis and to biologic degradation and transformation.
The speed with which it undergoes chemical changes is commonly

affected by the pH of the water, while the degree of




[T

192

biologically determined activity is proportional to the
compound's lipophilicity. After highly lipophilic compounds
such as pesticides enter a body of water, they may become
relatively unavailable for direct ingestion by humans because
of their adsorptien to microorganisms and highly lipoidal
sediments, but can nonetheless be a serious indirect problem
if they concentrate within the food chain and are eventually
ingested by humans. Similar processes, to a lesser extent,

occur within the soil.
C. conditions and Levels of Exposure to 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
frequency of exposure. The routes of entry are important in
evaluating the likelihood of a toxicological response insofar
as they affect the processes of detoxification. For example,
a compound that enters the body by way of the respiratory
system or skin by-passes the portal circulation of the liver,
which 1s the main site of detoxification. Very 1little is
known about detoxification within the lung or skin. In the
spray programme, the general conditions of exposure are the
same for all substances under consideration and are primarily
via the skin and respiratory system.

Between mid-May and the end of June each year, certain
areas of forest are sprayed from the air with pesticide
formulations. For the first 10 years of the programme
(192-1962) DDT was used exclusively in hydrocarbon oil
formulations. Since 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 compounds contained in aerially

applied pesticide formulations can occur by absorption from
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Table A.1.14 List of Spruce Budworm Chemical Spray
Formulations Used in New Brunswick

Active Ingredient, Carrier (1)

Organochlorine Formulations

DDT, Oil (2)

Organophosphate Formulations

Phosphamidon, Water
Trichlorfon, Water
Dimethoate, Water
Malathion, Water
Fenitrothion, Water

Fenitrothion, 0il

Carbamate Pesticides

Aminocarb, 0il

Aminocarb, Water

(1) when water is used, emulsifiers are also used as
adjuvants. Note that a small amount of solvent
is used even in the case of water-based formulations.
Aerotex, a hydrocarbon solvent, is the most common
solvent used in fenitrothion and water tormulations.

(2) the term oil is used in the generic sense, and includos
both hydrocarbon solvents and pure solvent compounds
such as Dowanol.
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the skin, or respiratory system, or through oral ingestion.
Spray exposure 1is in the form of both aerosol droplets and
vapor. Although estimates vary [NRCC 18979,1982,pg.74;
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
most likely to be deposited in the nasal passages and can be
considered to add to oral exposure. Table Al.1l5 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
specific to the ultra-low-volume (ULV) spray technology
using TBM aircraft in the New Brunswick spruce budworm spray
programme and are therefore most relevant to spraying after
1966.

The use of small, relatively slow flying agricultural
aircraft (90-152 km./hr.) 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
microns [Crabbe et al. LTR-UA-56,1980,pg.28]. Wind speed
exerts a significant effect on droplet deposition,
particularly with respect to droplets less than 50 microns
in size. For these droplets, a doubling of the wind speed
was found to reduce aerosol dosage levels by 50% [Crabbe et
al. LTR-UA-56,1980,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 with initial droplet diameters of 100 microns
decreased in size by 50% within approximately four minutes

[Hopewell, 1959]. A large proportion of the solvents
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Table Al.15 Approximate Distribution of Spray Mass By Those Droplet
Size Classes Considered to be Relevant to Route~Specific
Exposure As Generated by Ultra Low Volume Teejet Nozzles (1)

Percentage of Spray Mass Relevant Route of Exposute
at Point of Release
Size Range
(microns)
<5 .5% inhalation
5 - 50 6.5% oral
50 - 75 18.0% (2)
> 75 75.0% dermal

(1) NRCC 18979, 1982
(2) not documented as contributing to inhalation, oral, or dermal exposutrc
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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
ex¥posure at the spray line can exceed aerosol exposure
levels (Table Al1.16 and Table Al.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 form a single swath. 1In a
typical multi-swath operation the term spray line applies to
the track necarest to the outer limit of a given spray block
and is considered to be the equivalent of direct overhead
spraying.

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
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 droplets in the environment after their
release from spray nozzles. Table Al.16 contains worst-case
estimates of exposure at the spray line for DDT,
fenitrothion, and aminccarb and computer model estimates for

aminocarb.



Table 1.16

Franklin Worst—Case Scenario and Crabbe Computer Model
Estimates of 1 Hour, Unsheltered, Spray Line Aerosol
Exposure to DDT, Fenitrothion, Aminocarb (1)

Spray Line Aerovsol Exposure (micro gr./kg./bw.)

DDT Fenitrothion Aminocarb  Aminocarb
Worst-—Case Worst—-Case Worst—Case Computer
Route of
Exposure
Dermal (2) 188.00 67.56 22.50 6.678
Inhalation (3) NA 0.87 0.29 0.00001
Oral NA 12.18 4.06 0.01330
Total 188.00 80.61 26.85 G601

(1) all calculations based on figures from NRCC 18979,1982,pqg.78

(2) assumes 75% of spray mass available rather than the less realictic
100% used in the Franklin worst-case scenario

(3) aerosol exposure only (does not include vapour)

NA not available



Table Al1.17 Sub~Cancpy Fenitrothion Vapour Inhalation Exposure (1)
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Vapour Exposure (micro gr./kg/bw.)

Distance (meters) (2)

Spray Line - 200 300 500 700 1000 (3)

Period After Spray

(hours)

0-1 . 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
Total for 10
Hour Work Day 80.982 46.927 37.842 33.461  28.788

(1) based on inhalation rate of 29 litres per minute [NRCC 18979,1982,p9.74]

for a 70 Kg person using measured sub—-canopy fenitrothion vapour

[ LTR-UA-56,1980,pg.25. ]

(?) weights were applied to figures at each distance to adjust the
data to reflect values expected from operational multi-swath
spraying (20 swaths). Test results are based on 1 swath only.

[LTR-UA-56, 1980, pq. 27 ]

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

D
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It is interesting to note, although not surprising,
that the computer model provides lower estimates for all
routes, and in particular for inhalation and oral routes,
despite the fact that the worst-case scenario estimates wetre
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 scories of
algorithms to calculate the time-integrated changes as the
droplets evaporate. The worst-case scenario docs not tal e
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-solvent decreases to 50% of its size in approximately o
minutes [NRCC 16073,1977,pg.176].

Dermal exposure differs between models to a much lesser
degree because it is much more affected by larger droplets
whose velocities are less dramatically altered by the
process of evaporation. The worst-case scenario and the
computer model also differ slightly with respect to the
amount of exposed skin used in their calculations. This
difference may account for a small part of the disagreemont.

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.

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 cawce of
DDT and perhaps other pesticides by considering the naturec
of the solvent in which the substance 1s discolved. DT 1
less toxic when dissolved in petroleum products than when
dissolved in either animal or vegetable olils [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.

Table Al.18 provides additional computer model

estimates of aminocarb exposure at 400 and 800 meters beyond



Table Al.18 Crabbe Computer Model Aminocarb Exposure Estimates By
Distance From the Spray Line (1)

Aerosol Exposure (micro gr./kg./bw.) (2)

Spray Line 400 meters 800 meters
Route and
Wind Speed
Dermal (3) 6.67800 0.003000 0.00000
Inhalation 0.00091 0.000077 0.00004
Oral 0.01330 0.013300 0.00840
Total 6.69221 0.016377 0.00844

(1) treetop wind speed was 50 cm./sec. [NRCC 18979,1982,pg.79]

(2) based on 70 gr./ha. aminocarb

(3) calculations are based on model's use of estimated area of head,
neck, forearms and hands [NRCC 18979,1982,pg.205]




REVAN

the spray line. While aminocarb was chosen because of the
availability of computer estimates for this pesticide, the
shape of the curve is not expected to change. Field trials
involving both aminocarb and fenitrothion indicated that the
differences in the dosages in the spray was almost entirely
due to differences in their application rates [Crabbe et al.
LTR-UA-65,1983,pg.21}. The duration of the passage ot a
single swath in light winds has been estimated to be trom 20
to 30 minutes [Crabbe et al. LTR-UA~56,1980,pg.>3].

Data collected in the field confirm that the
concentration of aerosol in the atmosphere follows a log
normal aistribution up to 7.5 kilometers as predicted by the
computer model [Crabbe et al. LTR-UA-52,1980,pg.ii]. These
results are also consistent with what is already known about
the distribution of aerosol masses in general [Brain et al.
1974 ,pg.2” . Under calm spraying conditicns it was found
that approximately 16% of the pesticide mass of the spray
formulation drifts beyond 7.5 kilometers while 6% drifts
beyond this point under more turbulent condition: [Crabbe ot
al. LTR-UA-56,1980,pg.28]. The droplets that were found to
drift beyond 7.5 kilometers were found to range beclow 30
microns and are therefore likely to drift for an indefinmte
period of time before being removed from the atmoophere.
Additional sampling at 22 kilometers from the opray 1inc
suggests that droplets become mono-dispersed at around b
microns in size [Crabbe et al. LTR-UA-52,1980,pg.2}]. In
view of the fact that spraying has historically taken place
during periods of relative calm, the 16% value is the moot
meaningful for the purposes of this study. [t should bLe
emphasized that the above values also apply specitically to
the period since ULV spray nozzles were introduced into the
New Brunswick forestry spray programme in 1967, and
therefore applies exclusively to organophosphate and
carbamate pesticide sprays. Organochlorine (DDT)
formulations were applied using high-volume nozzles and,

although no documentation on the droplet spectrum 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 droplets that are subject to
long-range drift. The same spray technology was used in
forestry spraying as in agricultural spraying during the DDT
period with the exception that faster planes were introduced
into forestry spraying in 1958. Because of the greater
shear force acting at the spray nozzles of these faster
planes, a larger percentage of the spray mass in small
droplets is expected in the context of forestry spraying
than is likely to occur 1in agricultural spraying.

Neither the worst-case scenario nor the computer model
estimates produced so far include vapor exposure. Data
collected in the field could be found only for fenitrothion;
these are contained in Table Al.17. This table is based on
data collected following a morning spray. Spraying takes
place both in the morning and in the evening to take
advantage of the calm created by temperature inversions
during these periods. Although, not discussed in the
literature it 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 to a 70 kg. person
breathing at a rate of 29 litres per minute. This figure
appecars high when compared with amounts reported elsewhere
but may accurately reflect excercise rates in exposed
persons, and was used to retain consistency with what has
been reported for aerosol inhalation in both exposure model
estimates for aminocarb. Clinical investigators associated
with the Newfoundland Medical Association used 20 liters in
their estimates [NMAC,1979,pg.31] and Crabbe et al. used 6
liters on one occasion [Crabbe et al. LTR-UA-56,1980,pg.i]
and 10 litres on another [Crabbe et al. LTR-UA-65,1983,
pg.i]. Finally 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 decreascs
with distance and increases over time as ambient
temperatures in the environment rise.

It has been shown that 70-85% of fenitrothion deposited
on the forest disappears within 2 weeks after spraying.
Although DDT wvapor has been detected for 6 months followinyg
agricultural spraying {WHO,1979,pg.12}, vapor is not
considered to be an important source of exposure for this
class of pesticide.

It can be argued that all exposure values preseonted o
far should be multiplied by 2 in view of the fact that most
spray blocks are sprayed a second time, usually atter a
period of about 1 week. The bio-accumulation ot DDT in
animal tissues is well established whereas organophosphate
and carbamate pesticides are generally excreted rap.dly.
Research carried out on rats by investigators at the
University of New Brunswick demonstrated that usually more
than 60% of fenitrothion was excreted in the urine within 3
days of exposure to 10 mg. per kilogram body weight, with
some residues remaining in the blood, brain, liver, and tat
for up to 16 days post-exposure [Varty,b1979]. Assuming
similar processes in humans, some accumulation of exposure
from one application to the next is plausible for
organophosphate and probably carbamate pesticides as well.
Bio-accumulation from year to year is much less plausible
except for DDT.

All exposure figures should be considered as order of
magnitude estimates only. The magnitude of the error
potentially associated with these types ot estimates is Lot
exemplified by the report that wvariation by as much ao a
factor of 10 was recorded within a single spray block and
that in some situations spray deposits equal 1n deqgree to
direct over-spray were observed at least 1.6 kilometers
beyond the nearest spray block boundary [Varty M-X-6/,12760},

The issue of long-range drift has been inadequately

covered in the literature. Worst-case cstimates have not
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been extended to this area and the Crabbe computer model is
not reliable for exposure estimates beyond 7.5 kilometers.
By applying the worst-case model assumptions to long-range
acrosol exposure it was found that this type of exposure was
approximately 1.7 times the total exposure expected at the
spray line. 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
beyond 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 exposure 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 it is almost entirely

by inhalation.

D. Toxicity of Spray Compounds

Because the focus of this inquiry is on cancer, only
data which is considered to be relevant to the induction of
and or promotion of somatic events leading to the
development of a cancer will be considered. These include
short-term in vitro mutagenicity studies and long-term
studies of carcinogenicity in mammals. Factors affecting
the evaluation of evidence from these types of studies
include:

(a) Long-term studies almost exclusively
involve ingestion as the route of
exposure. Because this route
exposes potential carcinogens to
biochemical processes otherwise
absent or operating at lower levels
of efficiency in other routes such
as the lung or skin, results should
be generalized with care.
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(b) Toxicological responses to chemical
compounds vary across mammalian
species. For example,
2-naphthylamine is a potent bladder
carcinogen in docs, 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, 1983].

(c) Test animals are administered very
high doses of compounds relative to
the amounts likely to be encountered
by humans. The biolcgical mech-
anisms involved in detoxification 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, leong-term chronic studies 1in
animal species are generally considered to be useful
predictors of the carcinogenic effects of chemicals in
humans.

Exposure within the context of the New Brunswick spruce
budworm spray programme involves more than a single compound

and the array of substances involved is discussed bclow.
E. Spruce Budworm Spray Formulations

In general, forestry spray formulations contain three

types of compounds:

a) solvents and diluents
b) emulsifiers
c) pesticides

While all formulations contain solvents and dilucnts,
only those formulations that contain water as a diluent aloo
contain emulsifiers. Furthermore, DDT (organochlorine) was
used almost exclusively for the first 17 years of the Hew
Brunswick programme and was formulated only with organic

diluent oils. Organophosphate pesticides replaced DDT
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beginning in 1969 and were formulated almost entirely using
water as their diluent. Finally, carbamates were not
introduced until 1972 and have been until very recently
formulated solely with an oil diluent.

The pesticides are frequently referred to as the active
ingredient of the formulation. This is a misnomer in the
sense that some 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 also be grouped into 3 categories:

a) organochlorine pesticides
b) organophosphate pesticides
c) carbamate pesticides

1. Solvents and Diluents

There is a fine distinction between the terms diluent
and co-solvent. The distinction is generally made with
respect to the guantity of the compound contained within the
spray formulation rather than a result of any chemical
differences, and many of the compounds used as co-solvents
are also used as diluents. Pesticides are frequently
produced in a powdered form and co-solvents are used to
produce liquid concentrates for certain types of
applications. Diluents, however, are usually added by the
applicator in order to produce a desired formulation
viscosity. The function, therefore, of all spray diluents
and co-solvents is to produce pesticide solutions. Because
most pesticides are not miscible with water, they require at
least a small amount of organic solvent to form solutions.
Prior to the introduction of organophosphate pesticides,
hydrocarbon solvents were most commonly used as diluents.

Hydrocarbon solvents 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 modify their
carcinogenic behavior.

Crude oils are initially subjected to a distillation
process in which constituent materials are separated
according to boiling range. Some of these products are then
subjected to a secondary refining stage. One common
secondary stage is treatment with hydrogen to lower the
aromatic content of the final product. Another i1nvolve:s
catalytic cracking operations that use hecat catalyots and’or
hydrogen to split molecules into smaller units or to create
entirely new molecules. Various light and heavy oils and
residues result from this process. The heavy o1l:s and
residues with higher boiling points usually contain high
concentrations of highly carcinogenic polycyclic aromatic
hydroccarbons (PAH) such as benzo(a)pyrene and phenanthrenc,

Oils boiling above 370 degrees centigrade are
carcinogenic to the skin of mice [Bingham et al., 1980].
Their carcinogenic potency appears to be determined mainty
by the concentration of PAH with boiling points above thigs
limit. Temperature, however, should be used only as a rough
guide to the carcinogenic potency of these oils as the type
and concentration of PAH also varies according to the source
of the hydrocarbon oils (petroleum, coal, shale). It 15
also a common practice to blend oils with different maximum
boiling points to obtain products with desired physical
characteristics. This type of activity has important
implications for the carcinogenic potency of the tinal
product insofar as hydrocarbon distillates with boiling
temperatures in the range of 315 to 424 degrec, celsius,
although not themselves carcinogenic, appear to be capable
of enhancing the carcirnogenic activity of o1ls with higher
boiling points. The interested reader is referred to a
comprehensive review of this topic by Bingham Trosset, and
Warshawsky [1980] for more detailed information.

During the period from 1952 to 1963, DDT was formulated

with a variety of hydrocarbon co-solvents and diluents.
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Prominent among the co-solvents were toluene, xylene, and
methylated naphthalenes, while fuel oils #2 and #4 were
among the most popular diluents during the latter part of
this period. Unfortunately, no information is available on
the nature of pesticide diluents used during the early years
of the spray programme.

Methylated naphthalenes are obtained from coal tar and
petroleum sources. While their exact composition varies,
they generally consist of a mixture of aromatic and
aliphatic hydrocarbons. Toluene is used extensively as a
solvent in a wide range of coatings and adhesives. Xylene
and naphthalene are used as solvents for rubber,
polystyrene, and many resins. Outside of occupational
settings where these substances are used it would be
extremely difficult to evaluate the amount of background
exposure to which a typical New Brunswicker is lixely to be
exposed.

Fuel o0il #2 and #4 are domestic heating oils produced
from direct distillation or cracking, or as residual
by—products of other processes. These o©ils in particular
are highly variable in their composition and boiling points.
They are commonly blends of simple low and high boiling
distillates; some may have been subjected to catalytic
cracking. Fuel oil #2 has a boiling range of from 177 - 343
degrees celsius and is generally composed of 30 - 32%
aromatics, 37 - 43% paraffins, and 26 - 32% naphthalenes
[Bingham et al.,1980]. Diluent oil 585 is a highly refined
olil that was introduced into the spray programme in 1978 as
a pesticide diluent. Laboratory tests conducted by the
Canadian Department of Agriculture indicated that, at a
limit of detection of 1.0 to 2.0 parts per million, no
polycyclic aromatic hydrocarbons of the type suspected of
having some association with cancer were detected [Ag
Canada,1983].

Aerotex 3470, a high boiling point petroleum

distillate, is a complex mixture of alkylated benzenes,
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naphthalene, alkylated naphthalenes, alkylated polynuclear
aromatic hydrocarbons, and alkylated bibenzyls [Safe et
al.,1977}. It has been used annually as a co-solvent foi
both o0il and water-based organophosphate formulations gsince
its introduction in 1969. The relatively high degree ot
water solubility and lipophilicity of its alkylated
naphthalene fraction has been found to promote its bio-
accumulation in the environment [NRCC 16073,1977,pg.,73].

Cyclosol 63, another hydrocarbon product, was tirst
used on an operational basis in 1982 and has been used since
that time both as a co-solvent and as a diluent. It is not
a fuel oil but a mixture of hydrocarbons manufactured in the
refinery. At a limit of detection of 5 parts per million
(w/w), Cycloscl 63 does not contain any tri-cyclic aromatic:s
or other potentially carcinogenic polycyclic aromatic
hydrocarbons [Granville, 1982].

Dowanol (tripropylene glycol methyl ether) was
operationally introduced into the spray programme in the
same year as Cyclosol 63 and like Cyclosol 63 has been used
both as a co-solvent and as a diluent. Unlike all of the
other co-solvents and diluents employed in the spray
programme Dowanol is a pure compound and for this reason has
been recommended by as a more desirable substance for use 1n
the spray programme [Spitzer et al.,b1982].

Nonyl phenol is a mixture of monoalkyl phenols and was

used as the primary solvent for aminocarb. Matacil

(aminocarb 1.8D) o0il soluble concentrate contained 50.%% (by
weight) nonyl phenol. For every 70 grams of aminocarh
sprayed, 182 grams of nonyl phenol was also sprayed. It

function is to keep aminocarb in suspension when mized with
fuel oils. Because aminocarb is a polar compound and
therefore only moderately soluble in aromatic solvents nongl
phenol acts as an emulsifier to bind aminocarb to the
hydrocarbon solvent [Thurlow,1979,pg.43]. A great deal of
interest in nonyl phenol was generated by the finding that

aminocarb formulations containing nonyl phenol are 10 time<
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more toxic to rainbow trout than aminocarb formulations

l 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.291}.

2. Emulsifiers

Emulsifiers are complex mixtures of polyoxyethylene
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 relationships at

’ interfaces, usually by lowering surface or interfacial

-

tension. This is achieved by the structural arrangement
within the emulsifier molecule of a hydrophilic group and a
hydrophobic 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 permneability:

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.
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They originate from such varied sources as household
detergents, toothpaste, shampoo, paints, floor polishes,
textile coatings, leather coatings, and processed foods.

3. Organochlorine Pesticides: DDT

The best known members of the organochlorine family ot
pesticides are DDT, aldrin, dieldrin, chlordane, endrin,
lindane, BHC, heptachlor, methoxychlor, toxaphene, and
endosulfan. These pesticides are known to be persistent in
soil, food, and feed and tend to accumulate in the fatty
tissues of animals and man.

DDT was the only organochlorine pesticide usecd for
forest protection in New Brunswick. Its use was
discontinued 1in 1969 as a consequence of its persistence in
the environment and its negative effects on certain animal
species, particularly on the breeding of birds of prey.

The main acute toxicological effects of organochlorine
pesticides are on the nervous system and the liver. Both
the central and peripheral nervous system arec aftected.
Single or repeated doses lead to hyperexcitability, tremo ,
ataxia, and convulsions in animals. Sufficiently high doscs
are lethal, with death usually due to respiratory failure
brought on by the convulsive stage of the toxic responce.
Nervous system effects are due to the action of these
substances on tissue membranes. DDT also causes focal
necrosis of liver cells in several animal species
[WHO,1979,pg. 16].

a. Physical and Chemical Properties

DDT or [1,1,1-trichloro-2,2-bis(p~-chlorophenyl)
ethano], is relatively non-volatile compared with other
pesticides used in the spray programme. It is also highly
lipophilic and very resistant to oxidative, reductive, and

hydrolytic enzymes. These properties account for itg
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extreme mobility, persistence, biological concentration,
lipid storage, and remobilisation in the environment
[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 limited basis 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.

DDT has been used extensively in agriculture in North
America, and forestry sprays have not been the most
important source of exposure within the New Brunswick
population. While it is highly unlikely that as many
hectares of agricultural land were sprayed as were hectares
of forest, a larger proportion of the population live closer
to farmer's fields than to areas of susceptible soft-wood
forests.

Ingestion of food is considered to be the major route
of DDT'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
decreased to from .038 to .087 mg./person and by 1970 was in
the order of .015 mg./person [WHO,1979].

Occupational exposure to DDT is mainly via the skin and
the respiratory system. Levels in the occupational
environment have been recorded to reach 104 micrograms per
litre of air [WHO,1979]. Assuming an inspiration rate of 29
litres/min., a worker's respiratory exposure would be
approximately 26,000 micrograms of DDT per kilogram body

weight per 10 hour working day of exposure. Dermal contact
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is also a source of exposure in this context, but of lesser
importance because DDT is poorly absorbed through the shin.

The New Brunswick budworm spray programme used DDT as
its "“active ingredient" from 1952 until 1968. More than 6.4
million kilograms were sprayed over approximately 11.75
million hectares. Table Al.19 contains information on the
extent of spraying during the 17 year period during (1942-
1968) which it was used. Of all the area sprayed, over 99
was sprayed with DDT. Worst~case scenario estimates ot DDY
dermal exposure range from 376.03 micrograms per kiloqgram
body weight during the early spray vears down to as low as
94 .02 micrograms per kilogram body weight during the latterv
years of its use. If we were to assume that the proportion
of the mass of DDT contained in respirable aerosols was %09
of that generated by ULV spray equipment then the amount ot
respirable DDT aerosol could be calculated as ranging
between 24.19 and 6.14 micrograms per kilogram body.
Vapor exposure 1is expected to add .000061 micrograms per
kilogram body weight for a total exposure ranging between
400 and 100 micrograms per kilogram body weight.

c. Evidence of Mutagenicity and/or

Carcinogenicity

While DDT does not appear to be a mutagen
[WHO,1979,pg.115], animal studies indicate that DDT causes
cancer of the liver, lung, and lymphatic system in mice
[Terracini et al.,1973;Kashyap et al.,1977] and liver cancor
in rats [Rossi et al.,1977]. Recent research by Rossi and
his colleagues [Rossi et al.,1983] indicated that DDE
{1,1-dichloro-2,2-bis (p-chlorophenyl)ethylenc], a proximal
metabolite of DDT, causes liver cancer in hamsters.  The
fact that hamsters are not as efficient as mice in

converting DDT to DDE [Gold et al.1983] may explain a



Table Al.19 Spray Area (1) by Formulation
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Cumulative Area

Average Annual

(in hectares) Percent of Total
Provincial Area (2)
Formulation
DUT 11,749,534.1 9.41%
Ormanophosphate 28,720,593.4 27.94%

(1) accumlated over the 17 year period 1952-19¢68 for DDT and over the 21

year period 1963-1983 for organophosphates
(2) total provincial area y¢iws = 7,343,700 ha.




previous report of non-carcinogenicity in hamsters [Cabral
et al.,1982] and reinforces the importance of the metabolic
activation of pro-carcinogens.

4. Organophosphate Spray Pesticides:

Fenitrothion, Phosphamidon, Trichlorfon

Organophosphate pesticides like DDT are powerful
acetylcholine esterase inhibitors. They were first
introduced into the New Brunswick spray programme on an
operational basis with the use of phosphamidon, followed in
1965 with dimethoate and malathion, fenitrothion in 1967,
and trichlorfon in 197«. Dimethoate and malathion werce
sprayed on an operational bavis for one year only, 1905, and
were applied to only 3,000 and 25,000 hectares ol torest
respectively and for this reason will not be considered in
the section to follow.

Organophosphate pesticides used in the spray programme
have been formulated with water as well as with oil. With
the exception of one non-hydrocarbon diluent, Dowanol, the
diluents used for organophosphate pesticides are similar
chemically to those used for DDT except that in most cases
they are lighter and have lower boiling ranges.

Phosphamidon was first applied along 33% meter strips
along the borders of rivers and streams beccause of DDT''s
toxicity to salmon. It soon became a popular pesticide for
general application to forests and ranks seccond to
fenitrothion as the most extensively sprayed organophonphat -
pesticide. Extensive bee mortality led to is
discontinuation after the 1976 spray year. Unfortunately,
very little information on the toxicity of this compound i:s
available.

Fenitrcthion is the most extensively applied pesticide
for forest protection in New Brunswick with more than 24
million hectares of forest having been sprayed between 1967

and 1983. This is more than twice the total area sprayed
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with DDT and almost 6.5 times the area sprayed with the
second most commonly used organophosphate pesticide,
phosphamidon.

Trichlorfon was applied to approximately 336,000
hectares of forest 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 is 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 [0,0-dimethyl-0O-(4-nitro-m-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].

Technical grade fenitrothion contains about 5% of
impurities of which s-methyl fenitrothion [0O,S-dimethyl-
o(3-methyl-4-nitrophenyl)phosphorothicate], whose level
rarely exreeds 0.05%, 1s considered to be the most important
[NRCC 16073,1977,pg.30].

Fenitrothion is metabolized by soil microorganisms to
amino fenitrothion and reaches non-detectable levels within
32 - 64 days [NRCC 14104,1975,pg.31] following aerial
application.

Trichlorfon [2,2,2 trichloro-l-hydroxyethyl-
phosphonate], 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 grade
trichlorfon is reported to be 98% pure with dichlorvos
(0.2%) and dimethyl trichlorfon (0.3%) representing the
largest proportions of impurities other than water.
Dichlorvos is a powerful alkylating agent and therefore a
member of a class of highly reactive substances with the
potential to directly damage genetic material [IARC
mono.30,1983].

Mammals rapidly absorb and excrete trichlorfon with
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

Fenitrothion is used for the control of insects in
cereals, cotton, small fruit, orchard fruit, forestry, rice,
and vegetables. It has also been used as a contact apray
for the control of cockroaches, flies, and mosquitoeu
[Hartley & Kidd,1983]. In Canada, however, fenitrothion 1a
registered only for commercial use in forestry [NRCC
14104,1975,pg.91].

Trichlorfon is used on a variety of agricultural crop:,
and in animal husbandry for the treatment of ecto-parasite
in cattle, in silviculture against the gypsy month and
spruce budworm, and in medicine for the treatment of various
intestinal parasites.

Daily therapeutic dosages in humans are as high as 70
mg./kg./day for periods of up to 12 days.

While trichlorfon has been detected in the liver tissue
of food producing animals in the US, it was not detected in

a total diet study conducted in Canada from 1976 to 1972.
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While many other organophosphate pesticides are used
for agricultural purposes 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 all of it in areas remote from

human settlement.

c. Evidence of Mutagenicity and/or

Carcinogenicity

Results from short-term bacterial mutagenesis assays of
fenitrothion are conflicting. Yadav, Vashishat, and Kakar
[(1982], found fenitrothion to be non-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 purity of the compounds used is not
described. In view of the possible presence of as much as
5% impurities, 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
other short-term mutagenesis tests, specifically a) in vivo
chromosome breaks in rat bone marrow cells, b) errors in
sister chromatid exchange in Chinese hamster cells, and c¢)
sister chromatid exchange in human embryo cells. Thear
tindings were negative for a) DNA damage in Bacillus
subtilis, b) abnormalities 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
toxicologists affiliated with the New Brunswick Task Force

on the Environment and Cancer did not find fenitrothion to
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be a carcinogen [Spitzer et al.,1984]. No other
carcinogenicity studies reviewed by the Task Force were
considered to be of sufficient quality or reliability to be
interpretable [Spitzer et al.,b1984].

Trichlorfon is known to be a mutagen in a variety ot in
vitro and in vivo short-term mutagenesis assays but the
findings from these studies are not consistent. 1In general,
the quality of chronic studies of trichlorfon in mammals is
poor. The majority of studies were conducted over too short
a time span ancd the fact that they reported no carcinogenic
effects is not particularly surprising. Two lifetime
studies, one skin application study in mice and one
subcutanecus and/or intramuscular injection study in rats,
reported an excess of malignant tumours in the treatment
groups. The IARC review committee appeared to have little
faith in these findings because of 1nadequacles in
reporting, but I feel that in view of the paucity of data in
this area that these results should be given greater weight.
The predominant tumour type in the mouse study were myeloid
leukaemia. The monograph does not report the tumour type(<)

for the rat study.

5. Carbamate Spray Pesticides: Aminocarb

Carbamate pesticides, such as the organochlorines and
the organophosphates, are acetylcholine esterase inhibitors
and can cause similar although frequently less severe acutce
toxicological responses.

Aminocarb is the only carbamate pesticide to have becen
used in the New Brunswick spray programme. It was firct
used operationally in 1975, by 1979 it replaced fenitrothion
as the principle insecticide for budworm control
[Varty,1980,pg.40].

Prior to 1977 aminocarb was formulated with a variety of

different diluents including Dowanol (glycol methyl ether),
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Aerotex, mixtures of light petroleum hydrocarbon fractions,
and diesel oil. In 1977 and 1978 fuel oil #2 was used and
585 oil has been used since that time. Until very recently
formulations included 50.5% by weight of nonyl phenol as a

primary solvent.

a. Physical and Chemical Properties

Aminocarb [4-(dimethylamino)-3-methylphenyl methyl-
carbamate], 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 [Spencer,1982]. Hydrolysis is the major route for
transformation of aminocarb in animal tissues [Varty,1980,
pg.54]. Acute toxicity bhas been studied few several
metabolites of aminocarb:

4-(dimethylamino)-3-methyl phenol (C)
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-3-methylphenyl-N-methylcarbamate (AR)

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 dioxide within 48 hours, 25% was eliminated in the
urine and 4% in the feces. The (C) and (AA) metabolites
were found to 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.
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c. Evidence of Mutagenicity and/or

Carcinogenicity

Research findings conflict over whether aminocarb is a
carcinogen. In one report, the Ames test (salmonella/
microsome test) was negative [Spitzer et al.,1984,pg.62].
Elsewhere, in an abstract reviewed by the New Brunswick Tash
Force on the Environment and Cancer, aminocarb was found to
produce dose-related increases in mutations using the Ame:.
test. However, aminocarb did not cause mutations in 3
strains of yeast as measured by reversion from histidine and
methionine auxotrophy [Spitzer et al.,1984,pg.6?].
Alternatively, aminocarb was found to cause large dosc-
related chromosome aberrations in chinese hamster ovary
cells [Spitzer et al.,1984,pyg.63)]. Furthermorc, Matacil
(aminocarb + nonyl phenol) was found to be mutagenic using
the Ames screening test [Spitzer et al.,1984,pg.68}.

Matacil Flowable (aminocarb + 585 0il), which does not
contain nonyl phenol, was also found to be mutagenic, but
only in the presence of hepatic oxidative 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 mg/kqg/day
for up to 84 weeks, and a 2 year chronic oral toxicity study
in beagle dogs were all negative with respect to
carcinogenicity [Spitzer et al.,1984;NRCC 18979,1982,

pg.170].

to
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Appendix 11
Laboratory Centers for Disease Control
1CD Conversion Table
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Site 1CD0-8 1€D-9
Lip 140 140
Buceal cavity and pharynx 140-149 140 142-149
Al cancer 140-209 140-208
Tongue 141 141
Tongue mouth and pharynx 141 143-149 141 143-149
Salivary gland 142 142
Mouth 143-145 143-145
01 ophat ynx 146 146
Pharynx (o010 naso hypo) 146-149 146-148 149.0
Nasophar ynx 147 147
Hypopharynx 148 148
Pharynx unspecified 149 149.0
£Lophagus 150 150
Digestive 150-159 150-159
Stomach 151 151
Small intestine 152 152
Coton (excluding ¢ ectum) 153 153
Large 1ntestine and rectun 153 154 183 154
Rectum and rectosigmoid junction 154 154
Liver and galtbladder 155 156 155 156
Liver 155 155.0 155.1
Galtbladder 1596 156
Pancreas 157 157
Peritoneun 158 158
Digestive NS 159 159
Nose sinuses 160 160
Repiratory 160-163 160-163 1464.2 164 3 164 B 164.9 165
Latyny 161 161
Trachea bronchus lung and other 162 163 162 163 164.2 164.3 164.8 164.9 165
Bronchus ond lung 162.1 162.2 162.3 162.4 162.5 162.8 162.9
Fleata 163.0 163
Othet endocrine 194 164.0 194
Connective tissue 171 166.1 171
Bone 170 170
Matignant melanoma 172 172
Metanoma of the Lip 172.0 172.0
Melanowa of the eyelad 1721 172.1
Melanoma ot the ear 172.2 172.2
Melanomy, other face 172.3 172.3
Melanoma of scalp and neck 172 4 172.4
Metanomy of trunk 172.6 172.5
Melanoma of upper L 1mbs 172.7 172.6
Mealnoma ot lower Limbs 172.8 172.7
Melanom, ~ite not specitied 172.9 172.8 172.9
Other kin 173 173

eads



Site 1CD-8 . 9
Breast 174 174 175
Chorionepithelioma and uterus NS 181 182.9 179 181
Chorionepithelioma and other uterus 181 182 179 181 182
Other uterus 182 179 182
Uterus (1ncluding cervix) 180 182 179-182
Cervix uter: 180 180
Female genital 180- 184 180- 184
Chorionep: thel 1oma 181 iL)
Corpus uter 182.0 182
Ovary fallopian tube broad |igament 183 183
Ovary 183.0 183.0
Prostate 185 185
Male genital 185-187 185 187.1-187 9
Testis 186 186
Melanoma of scrotum 172.5 187.7
Bladder 188 188
Urinary 188 189 188 189
Bladder and other urinary 188 189.9 188 189.3 189 4 189 8 1870 9
Kidney 189.0 189 2 189.2 189.0 189 1 189 2
Eye 190 190
Brain 191 191
Brain and other nervous system 191 192 191 192
Nervous system (benign and mal ignant) 191 192 225 238 191 192 225 237.9 257.6 2%%.64
Thyroid 193 193
Iti-defined cancer 195-199 195-199
Neoplasms (secondary, 1tl-defimed, and benign) 195-199,210- 239 195-199,210-229,233.1,25, /234
Non-Hodgkin's Lymphomas 200 202 200 202
Lympho1d 200 203 200 203
Reticulum cell sarcoma 200.0 200 0
Lymphasarcoma and reticulum cell sarcoma 200 200 0 20014
Lymphosarcoma 2009 200 1
other {ymphoid 202 200.2
Hodgkints disease 201 201
Multiple myeloma 203 203
Lymphatic leukemia 204 204
Lymphatic and myeloid leukemia 206 205 204 205
Leukemas 204-207 204-206 207 0 207.2 207 & 20%
Myeloid leukemia 205 205
Monocytic leukemia 206 206
Other and unspecified leukemia 207 207 6 207.2 207.8 209
Polycythemia vera 208 207.1 238.4
Benign neoplasms 210-228 210-229
Neoplasms of unspecified nature 230-239 233.1 235-238
Neoplasms of lymphatic and hematopoietic tissue 200-209 NA

NA not applicable



List of Exposure Labels Used in the Epidemiological Literature Reviewed

Appendix 111

Pesticide Exposure Term Reference(s)

Farming Occupat1ons

Agricultural crop industry 9

Agt rcultural {1vestock industry 9
Cattle 1nventory [
Cattle ranchers 19
Cattle treated with pesticides 6
Chicken farmers 19
Chicken 1nventory 6
Corn acreage [
Duiry farm 29,30
Dairy farmers 19
Oatry farming 7
Daviy farms 27
Datry products inventory 6
Delivery and routemen 19
Farm 18
Farm laborers 19,33
Fatm labourers and farm foremen 22
Farm no amimals, 27
Farm NOS 30
Farm owners and managers 33
Farm workers 23
Fatmers 9,26
Farmers and farm minagers, 22
Fatmers and toresters 23
Fatters farm managess and laborers 19
Fatmer s nee 19
Farmers (owners and tenants) 19

Farming
batmor kers,

General or unspect fred farm
Giam milters

Hog inventory

Inwecticides acres treated
in‘.cttlc\dc‘v/pﬂ\t1C!dc-/h0l’bl€ld0$
Livestock farm

Major occupation farm

Orchard tarm

Orchard taborery

Otchardists

Otchardasts, farmers

Othoer anymal husbandry farmng
Pig farm

Pouttry farm

2,10,11,16,16,17, 24,32, 40
9

29

1

27,30

228




Pesticide Exposure Term Reference(s)
Farming Occupations cont'd
Poultry population 3
Sugar beet production 12
Use of herbicides on farms 13
Use of insecticides on farms 13
Wheat acreage 6
Wheat and grain farmers 19
Forestry and Agriculture Occupations
Foresters and loggers 23
Forestry 29,30
Forestry, fishing, agriculture 34
Hunting forestry and fishing, agricul ture 28
Loggers 19
Occupationat Exposure to Pesticides Other Than Farming,
Forestry or Agricul ture
Agricul tural chemical handlers 25
Chlordane heptachlor 35
DBCP 21
DDT 39
Gardeners 19,23
Non termite control operator 36
Pest control operators-fumigators 25
Pesticide applicators 5
Pesticides for fumigation 5
Pesticides for lawn and ornamentat 5
Pesticides for household pests 5
Pesticides for rodents 5
Production of agricultural pesticides 4
Railroad herbicide sprayers 3
Termite control operators 36
Termte pesticide applicators 5

229




Pestivide Exposure Term Reference(s)

Other Miscell aneous Pesticide Exposures

Chiorophenols 15,20
Herbicaides 2
Rerbicides acreages treated 6
Inuecticdes 18
Pest1cades 2
Phenoxy actds 15,20
Phenoxy acids or chlorophenols 20

Phenoxyacetic acids 20

230



-

Appendix [V

New Brunswick Forestry Pesticide Formulations

Formulation/Ad juvant/Number of Application Code Huectares
poT/0d L/ 102010 Qu16123 8
poT/0i1/2 102020 2322776 2
DOT/01 L /1+Feni trothion/Water/1 132111 106341
Phosphamidon/Water/1 201010 Q00928 8
Phosphamiden/Water/2 201020 Q06198 /
Femitrothion/Water/1 301010 713088 2
Fenttrothion/Water/2 301020 9566598.1
Fenitrothion/Ov 1 /1 302010 &61011 1
femtrothion/011/2 302020 1094409 7
fenttrothion/Cyclosol/2 303020 1638125 4
Femitrothion/Dowanol/2 304020 1868490 7
Femitrothion/Water/1+Phosphamidon/Water/) 32111 2018216 9
Fenitrothion/Water/2+Phosphamidon/Water/1 321121 8.8, 7
femitrothion/Water /1+feny trothion/0vt /1 331211 76508 2
Femitrothion/Water/1+Aminocarb/01l/1 341211 5621 4
Fenitrothion/Water/1+Aminocarb/0il/2 341212 306134 2
Femitrothion/Water/2+Aminocarb/01(/1 341221 14032 3
Femitrothion/Water/1+Irichlorfon/Water/1 /NN 79094 8
Aminocarb/Mater /2 401020 L08.4
Aminocarb/011/1 402010 1540532 6
Amnocarb/0i{/2 402020 146462921 7
Aminocarb/01l/2+Phosphamidon/Water/ 1 422121 95913
Aminocarb/011/3+Phosphami don/Water/ 1 422131 &802Y 5
Trichlorfon/Mater/2 501020 256654
Dimethoate/Water/1 600010 3319 4
Malathion/MWater/1 700010 2674701

Bacil tus 800000 6791 9




Appendix V

1981 New Brunswick Population by Municipality,

Standard Geographical Code, and Type of Municipality (1)

Type of
Municipality Municipality Population

Code
NEW BRUNSWICK 696225
101 SATNT MARTTH par 1050
102 ST. MARTINS vl 530
104 STMONDS par 2765
106 SATINT JOHM c 80520
116 MUSQUASH par 1270
201 GRAND MANAN par 690
202 SEAL COVE vl 550
203 NORTH HEAD vl 665
204 CAMPOBELLO par 1420
206 WEST ISIES par 860
208 LEPREAU par 1060
211 PENNFIELD par 2025
212 BLACKS HARBOUR vl 1360
216 SATNT GLORGE par 2145
218 ST. GEORGE t 1155
221 SAINT PATRICK par 615
224 SATNT ANDREWS par 370
226 SATNT ANDREWS t 1760
228 SAINT-CROIX par 535
231 DUFFERIN par 455
234 SAINT STEPHEN par 1745
237 ST.STEMNIEN t 5105
239 SATNT JAMES par 1325
242 SAINT DAVID par 1585
24 DUMEARTON par 485
248 GRAND HARBOUR vl 640
301 BIISSVILLE par 875
304 GIADXTIOND par 345
305 TRACY vl 640
306 FREDERICTON JUNCTION vl 735
308 LINCOIN par 2920
311 BURTON par 3675
312 OROMOCTO t 9065
314 SHEFFIELD par 725
316 MAUGERVILLE par 1215
318 NORTHFIELD pax 865
101 PUTERSVILILE par 810
404 CAGETOWN par 280
4105 GAGLTOWN vl 605
100 HAMPSTEAD par 350
408 WICKHAM par 410
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Type of

Municipality Municipality Population

Code

411 CAMBRIDGE par 795
413 CAMBRIDGE-NARROWS vl 415
414 JCHNSTON par 745
416 BRUNSWICK par 280
418 WATERBOROUGH par 805
421 CANNTNG par 760
422 MINTO vl 3390
424 CHIFMAN par 940
425 CHIPMAN vl 1820
501 HAMMOND par 290
504 UPHAM par 1100
506 HAMPTON par 1730
507 HAMPTON vl 3135
508 ROTHESAY par 1150
509 ROTHESAY t 1775
510 RENFORTH vl 1490
511 WESTFIEID par 1905
512 GRAND BAY vl 3165
513 WESTFIELD vl 1105
514 KINGSTON par 2175
516 NORTON par 1030
518 NORTON vl 1380
521 SUSSEX par 2050
522 SUSSEX t 3975
523 SUSSEX CORNER vl 1035
524 WATERFORD par 440
526 CARIWELL par 1045
528 HAVELOCK par 1325
531 STUDHOIM par 3089
534 SPRINGFIELD par 1325
536 KARS par 3155
538 GREENWICH par 1060
551 EAST-RIVERSIDE~KINGSHURST vl 1005
553 FATRVALE vl 3954
556 QUISPAMSIS vl 6020
558 GONDOLA POINT vl 307%
601 HOPEWELL par 790
603 RIVERSIDE~-ALBERT vl 430
604 HARVEY par 470
606 ATMA vl 325
608 FEIGIN par 830
611 HIIISBOROUGH par 1450
614 CQOVERDALE par 3060
620 RIVERVIEW t 1490°%

625 HTII SBORCUGH vl 1255



Type of
Municipality Municipality Population

Code

701 WESTMORIAND par 1090
702 PORT EIGIN vl 515
704 BOTSFORD par 2965
707 CAP-PELE vl 2175
708 SACKVILIE par 1160
709 SACKVILLIE t 5645
711 DORCHESTER par 4765
712 DORCHESTER vl 1110
713 SAINT-JOSEPH vl 640
716 SHEDIAC par 7520
719 MONCTON par 6260
722 MONCTON c 54735
724 SALISBURY par 3160
728 SALISBURY vl 1680
729 PETITCODIAC vl 1400
745 DIEPPE t 8520
752 SHEDIAC t 4280
801 DUNDAS par 5475
804 WELLINGTON par 3585
805 BUCTOUCHE vl 2475
806 SAINT MARY par 2040
807 SAINT-ANTOINE vl 1230
808 SAINT-PAUL par 1070
811 HARCOURT par 560
814 WELDFORD par 2535
816 RICHTBUCTO par 1910
817 REXTON vl 925
818 RICHIBUCTO vl 1720
819 SAINT CHARIES par 1895
821 SAINT-LOUIS par 1935
822 SAINT-1LOUIS~DE-KENT vl 1165
824 ACADIEVILIE par 1050
826 CARIETON par 1190
901 HARIWICKE par 26595
901 GIINELG par 2040
900 CHATHAM par 3740
90/ LOGGIEVILIE vl 790
9083 CHATHAM t 6775
911 DERBY par 1190
914 NELSON par 1065
915 NELSON-MIRAMICHI vl 1440
91G ROGERSVILIE par 1480
917 ROGERSVILIE vl 1240
918 BLACKVILIE rar 2465
019 BILACKVILIE vl 885
arl BLISSFIEID par 725
022 DOAKTCIWN vl 1005
924 IUDLOW par 1850
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Type of
Municipality Municipality Population

Code

926 SOUTHESK par 1930
928 NORTHESK par 3415
931 NEWCASTLE par 2915
932 NEWCASTLE t 6250
933 DOUGLASTCWN vl 1075
936 AINWICK par 7365
938 NEGUAC vl 1755
1001 NEW MARYTAND par 4100
1004 MANNERS SUTTON par 1685
1005 HARVEY vl 355
1006 MCADAM vl 1860
1007 MCADAM par 100
1008 NORIH IAKE par 290
1011 CANTERBURY par 655
1012 CANTERBURY vl 470
1013 MEDUCTIC vl 265
1014 DUMFRIES par 415
1016 PRINCE WILLIAM par 775
1018 KINGSCLEAR par 3135
1021 QUEENSBURY par 1095
1024 SOUTHAMPTON par 1750
1025 MILIVIIIE vl 300
1026 BRIGHT par 2500
1028 DOUGLAS par 4070
1031 SAINT MARYS par 2785
1032 FREDERTCTON c 43715
1036 STANIEY par 2115
1037 STANIEY vl 435
1054 NACKAWIC t 1350
1101 RTICHMOND par 1125
1104 WOODSTOCK par 1735
1106 WOODSTOCK t 4635
1108 NORTHAMPTON par 1120
1111 BRIGHTON par 1645
1112 HARTLAND t 855
1114 WAKEFIELD par 2370
1118 WIIMOT par 1170
1119 CENTREVILIE vl 5715
1121 STIMONDS par 525
1123 FLORENCEVILL, vl 705
1124 PEEL par 1195
1126 ABERDEEN par 1250
1128 KENT par 2305
1129 BRISTOL vl 825
1130 BATH vl 780
1131 WICKLOW par 1760
1201 ANDOVER par 1035
1202 AROOSTOOK vl 405
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Type of
Municipality Municipality Population
Code
1204 PERTH par 1705
1206 PERTH-ANDOVER vl 1870
1208 GORDON par 1805
1209 PLASTER ROCK vi 1220
1211 IORNE par 715
1214 DENMARK par 1760
1216 GRAND FAILLS par 1210
1219 GRALD FALLS t 6205
1221 DRUMMOND par 2030
1223 DRUMMOND vl 845
1301 SATNT-ANDRE par 1625
1303 ST .ANLCRE vl 380
1304 SATNT-LEONARD par 925
1306 SATNT LEONARDS t 1575
1308 NOTRE-DAME~DAME-DE-IOURDES par 545
1311 SATNTE-ANNE par 1245
1312 SATNTE-ANNE-DE-MADAWASKA vl 1340
1314 RIVIERE-VERTL vl 1045
1315 RIVIERE-VERIL par 820
1318 SAINTE-BASTIE par 580
1319 SATINTE-BASTIE vl 3225
1322 SATNT-JOSCPH par 1440
1324 ST. JACQUES par 1340
1326 SAINT-JACQUES vl 2305
1328 MADAWASKA par 810
1329 ECMUNSTON c 12030
1332 SATNT-HIIATRE par 455
1333 ST.HIIATRE vl 255
1334 BAKERR BROOK par 490
1335 BAKER BROOK vl 520
1336 IAC BAKIR par 375
1337 IAC BAKER vl 270
13138 CIAIR par 275
1339 CLATR vl 915
1311 SAINT-FRANCOIS par 865
1340 SATNT-TRANCOIS-DE-MADAWASKA vl 745
1101 DURHAM par 2645
1402 JACQUETRIVER vl 780
1403 COLBORNE par 390
1404 ARILO vl 1610
1404 BALMORAL par 725
1100 BALMORAL vl 1825
1103 DALHOUSIE par 3405
1409 DATHOUSIE t 4970
1411 EEL RIVER CROSSING vl 1445
1412 ADDINGTION par 3035

1113 ATHOLVILIE vl 1675




Type of

Municipality Municipality Population
Code
1414 CAMPBEILITON c 9810
1415 TIDE HEAD vl 955
1416 ELDON par 1290
1418 GRIMMER par 1055
1419 KEDGWICK vl 1210
1421 SATNT—QUENTIN par 1430
1422 SAINT—QUENTIN vl 2335
1501 SAUMAREZ par 8714
1504 TRACADIE t 2145
1506 ALIARDVILLE par 3080
1508 BATHURST par 4910
1511 BATHURST c 15710
1512 BERESFORD par 5785
1513 PFOINTE-VERTE vl 1335
1514 PETIT-ROCHER vl 18559
1515 BERESFORD vl 3645
1516 NEW BANDON par 3660
1519 PAQUETVILILE paxr 2910
1520 PAQUETVILLE vl 620
1521 SAINT-ISIDORE par 2525
1524 INKERMAN par 4450
1526 CARAQUET par 1775
1527 BAS—-CARAQUET vl 1860
1528 CARAQUET t 47325
1529 SHIPPAGAN par 8635
1531 SHIPPAGAN t 2480
1532 TAMEQUE vl 15645
1534 BELLEDUNE vl 700
1536 BERTRAND vl 1280
1537 NIGADOO vl 1085
1538 GRANDE ANSE vl 81%

(1) par is parish; t is town; vl is village; c is city
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Appendix VI

Recoding of Indian Reservation Numerators & Denominators by SGC (1)
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1981 Merged
Original SGC Reservation Population Into SGC
0381 Ormocto 26 115 0313
0esl Buctouche 16 95 0803
0882 Richibucto 15, Big Cove 965 0815
0883 Indian Island 28 60 0820
0981 Red Bank 4 205 0923
0982 Red Bank 7 0 0925
0983 Big Hole Tract 8 45 0934
0u84 Eel Ground 2 295 0935
0986 Burnt Church 14 635 0944
0987 Tabustinac 9 0 0947
1081 Kingsclear 6 260 1019
1082 Devon 30 385 1034
1083 St. Mary's 24 0 1035
1181 Woodstock 23 170 1104
1281 Tobique 20 455 1207
1381 St. Rasile 10 0 1320
1481 Eel River 3 190 1410
1531 Pabineau 11 40 1510

(1) Standard geographical Code

Note: TFort Folly (SGC81:0714) is not included because it was created only

in 1980; no population was reported for this SGC in 1981.

Source: Statistics Canada (1969-73)
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Appendix VII

Socio-Demographic Information for the

New Brunswick Population

Table A7.1 gives the population by census district
within New Brunswick for the past 3 decennial censusces.

Most counties showed consistent growth across these period:,,

Major geographical shifts in the population would
necessarily reduce the validity of the exposure estimate:..
Major shifts would also imply possible changes in the
demographic and exposure characteristics of those
populations affected. These in turn would reduce the
credibility of characterising municipalities on the basis ol
1981 data. Table A7.1 can only suggest that important
features affecting cancer risk may have occurred.

Table A7.2 contains the distribution of the New
Brunswick population by sex and age group. The age group<
indicated are those used for calculating expected values for
the data analysis. A more detailed breakdown of the
population is available only on special request from
Statistics Canada.

The New Brunswick population includes tvo major
cultural groups; for convenience, these are designated by
their predominant language as English and French.
Approximately 33% of the New Brunswick Population reporteod
their mother tongue as French and only 1.3% reported their
mother tongue to be other than French or Englioh [Stat.
Canada E-562,1982]. These two populations may vary with
respect to lifestyle, and do vary 1n ternms ot their
geographic distribution within the province.

The French population within New Brunswick is con-
centrated along the east coast and within the northern
regions of the province. Among the predominantly French
municipalities, 78.6% of the population lives in rural arecad,
compared to 42.2% population of predominantly Englich

municipalities (Table Aa7.3).




Table A7.1 New Brunswick Population by County for Census Years 1951, 1961, 1971, 1981

Percent of Total Populati ' persuns)

1951 1961 1971 1981

County

Entire Province 100.0% (515697)  100.0% (597936)  100.0% (634557) 100.0% (696225)
Albert 1.9% (9910) 2.1% (12485) 2.6% (16307) 3.4% (23615)

Cat leton 4.3% (22269) 3.9% (23507) 3.8% (24428) 3.5% (24635)

Charlotte 4.9% (25136) 3.9% (23285) 3.9% (24551) 3.84 (26550Q)

Glouche- ter 11.1% (57489) 11.1% (66343) 11.8% (74752) 12.4% (86165)

Kent 5.2% (26767) 4.5% (26667) 3.9% (24901) 4.4% (30760)

Kings, 4.4% (22467) 4.3% (25908) 5.2% (33285) 7.4% (51180)

Madowaska 6.7% (34329) 6.5% (38983) 5.5% (3L976) 5.2% (36395)

Nol thunbertand B.3% (42994) 8.4% (50035) 8.1% (51561) 7.8% (54090)

Queens, 2.6% (13206) 1.9% (11640) 2.0% (12486) 1.8% (12405)

Restigouche 7 0% (36212) 6.9% (60973) 6.5% (41289) 5.8% (40590)

Saint John 16 4% (74497) 14.9% (89251) 14.5% (92162) 12.4% (86135)

Sunbury 1.8% (9322) 3 8% (22796) 3.4% (21268) 3.0% (21060)

Victorra 3.6% (18541 3.3% (19712) 3.1% (19796) 3.0% (20805)

wostinor Land 15.5% (80012) 15.7% (93679) 15.5% (98669) 15.5% (107620)
York 8 3% (42546) 8.8% (52672) 10.1% (66126) 10.7% (74220)

Souwices 1951
1961
1971:
1981:

9th Census of Canada 1951; Ottawa, Jan 30, 1953

Census of Canada Vol.1 Part 1; Population; Ottawa March 29, 1963
Statistics Canada Catalogue # 92-704 Vol. 1 Part 1 Sept. 1972
Extracted for thesis from Statistics Canada Catalogue # E-562 Ottawa
August 1982
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Table A7.2 1981 New Brunswick Population by Sex and Age Group

Population (%)

Total Males femates

Total 696225 (100.0%)> 345785 (100.0%) 350440 €100.0%)
Oupto$S 53030 (7.6%) 27140  (7.8%) 25890 (7 4%
5 up to 10 58485 (8.4%) 29900 (8.6%) 28585 (8 2%)
10 Up to 15 62040 (8.9%) 31905  (9.2%) 30135 (8.6%)
15 Up to 20 72145 (10.46%) 36905 (10.7%) 35240 10 1%
20 Up to 25 64460 (9.3%) 32285 (9.3%) 32175 €9.2%
25 Up to 35 116420 (16.7%4) 57990 (16.8%) 58430 C16.70)
35 Up to 45 77445 (11.1%> 39360 (11.4%) 38085 €10.9%)
45 Up to 55 62500 (9.0%) 30860 (8.9%) 31640 (9 0%)
55 Up to 65 59225 (8.5%) 28480 (8.2%) 30745 (8 8%)
65 Up to 70 24735 (3.6%) 11785  (3.4%) 12950 (3.7%)
70 & up 45740 (6.6%) 19175 (5.5%) 26565 7 6%)

Source: 1981 Census [Stats Canada E-562,1982)



Table A7.3 1981 New Brunswick Population by Urban/Rural Resiydence and Language (1)

Urban/Rural Residence

All Municipalities

Popula=1on
With Pre

Municipalities
snce of (persons)

French

gEnglish

Total

Parishes, Towns, or Villages

Lew, Than 2500

Towns or Villages Greater
Than 2500

Cities

100.0% (696225)

52.5% (365440)

16.4% (116265)

31.1% (216520)

100.0% (196910)

78.6% (154680)

15.3% (30200)

6.1% (12030)

100.0% (499315)

62.2% (210760)

16.8% (84065)

41.0% (204490)

(1) Mother tongue French or English greater than 50% of the municipal population

Source 1981 Census [Stats Canada E-574,1983)
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Undefined and unmeasured lifestyle factors may increance
or decrease cancer risk within the French vpopulation relative
to the English. The coastal location c:i t. "ty o~ _tlemoents o
probably correlated with low spray expcsure and their rural
nature implies a decreased cancer risk. A, :roximately 13
(N=68,620) of the New Brunswick populat.on 15 years or ovel
has attended or is now at university, and 31 1%+ or about -
of these have obtained a degree. It is cvident trom Table
A7.4 that a higher proportion of person:s having attendoed
university are situated within cities than 1n nore rutal
areas. According to Table A7.5, municipalitiecs in which there
are large numbers of French also tend to have smaller numben
of persons who have attended university. F[inally,
predominantly French areas within the province have highen
proportions of persons with low-income than predominartly
English areas (Table A7.6). Table A7.7 show:s a clear positay
correlation between income and educational attainment. I ncome:
distribution and urban/rural residence are also correlated., A
higher proportion of low-income 1s precsent in rural area:,
(Table A7.8).

The picture that emerges from these tables 15 that [ley
Brunswick there appears to include two fairly distinct
populations. The French live in more rural arecas, are lo-
well~educated, and have leower i1ncomes on average than the i
English counterparts.

Table A7.9 shows that larger proportions of populat 1on,
within towns and villages and cities migrate than
populaticns in rural areas. Migration 15 lower within
predominantly French municipalities relative to Englich
municipalities (Table A7.10). Migration is also pouitively
associated with percent who attended universitics (Table
A7.11) and migration is highest where the incidence of 1w

income is lowest (Table A7.12).



Table A7.4 1981 New Brunswick Population 15 Years and Over by Educational Attainment (1)
Quartiles (2) and Urban/Rural Residence

Percent of Total Population 15 Year- »rd Qver 1n (persons)

All Mumicipalities
Educational Attainment
Quartile (3)

Parishes, Towns cr Villages
Cities

Less Than 2500 Greater Than 2500

Total (10. 1) 100.0% (522670)
Gusrtale 1 ( 4.4) 14 2% (74199)
Cuirtite 2 (7 9) 16 5% (86130}
Cuartile 3 (10 4) 15.6% (81485)
Quartite & (18 Oy S5 74 (280860)

100.0% (266825) 100.0% (84860) 100.0% (170985)

27.8% (76195) 0.0% (O) 0.0% ¢O)
31.3% (83465) L% (2665) 0.0% (O
27.3% (727203  10.3% (B8765) 0.0% (O

13.7% (36445)  86.5% (73430) 100.0% (170985)

(1) Proportion of persons who attended university i1n the total population 15 or older

(2) Colculated by ranking values and establishing class boundaries

to provide 25% of the municipalities in each of 4 classes

(3) Mran rate per 100 persons within each quart:le

Soutce 1981 Censun [Stat, Cunada E-574,1983)




Table A7.5 1981 New Brunswick Poputation 15 Years and Over by Educational Attarament (1)
Quartiles (2) and Language (3)

Population 15 Years and Over 1n Mumicipalities
With Large Proportions of (persons)

All Mumicipalities French Englivh
Educational Attainment
Quartiles (&)

Total (10. 1 100.0% (522670) 100.0% (144315) 100,048 (37/835%)
Quartite 1 ( 4.4) 16.2% (76195) 24.5% (35335) 10.5% (3886
Quartile 2 ( 7.5) 16.5% (86130) 30.3% (43795) 11.27% (6233%)
Quartile 3 (10.4) 15.6% (81485) 18 2% (26305) 164.6% (55190)
Quartile 4 (18.0) 53.7%4 (280860) 26 9% (38880) &4 0% (241980)

(1) Proportion of persons who attended umiversity in the total population 15 or older
(2) Calculated by ranking values and establishing class boundacies
to provide 254 of the municipalities 1n each of 4 classes
(3) Mother tongue French or English greater than 50% of the municipal population
(4) Mean rate per 100 persons within each quartile

Source: 1981 Census [Stats Canada E-574,1983]



Table A7.6

1981 New Brunswick Population by Incidence of Low-Income (1) Quartiles (2)
and Language (3)

Incidence of Low Income

Quartiles (4)

ALl Municipalities

Population in Municipalities

With Large Proportions of (persons)

French

English

Tutal (8 n

Quartile 1 ( 8 9)

Quairtile 2 (15.0)

Quartite 3 (19 7)

Quartile 4 (28 8)

100.0% (696225)

19 1% (132840)

26 4% (183920)

61.5% (288660)

13.0% (90805)

100.0% (196910)

13.4% (26395)

33.7% (66295)

25, 1% (49375)

27.9% (54845)

100.0% (499315)

21.3% (106445)

23.6% (117625)

47 9% (239285)

7.2% (35960)

1

~

~
(2
~

(&2
€4)

Source

fxpendy tures for food, clothing, and shelter exceed the average level for the region of

residence by at least 204

Calculated by ranking values and establishing class boundaries
to provide 25% of the municipalities 1n each of 4 classes

Mother tonque French or English greater than 50% of municipal population
Mean cate per 100 persons within each quartile

1981 Census [Stats Canada E-574,1983)
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Table A7.7 1981 New Brunswick Poputation 15 and Over and Number of Persons by Incidence
of Low-Income (1) Quartiles (2) and Educational Attarrnment (3) Quartiles(2)

Percent of Total Population 15 Years and Over
Within Educational Attainment (persons)

Quartile 1 Quartile 2 Quartile 3 Quartile 4

Incidence of Low-Income
Quartiles (4)

Total €18.1) 100.0% (74195) 100.0% (86130) 100.0% (81485) 100.0% (280860)
Quartile 1 ¢ 8.9) 13.2% (9815) 14.1% (12120)  27.4% (22350)  18.4% (51750)
Quartile 2 (15.0) 21.3% (15835)  34.1% (29335) 39.5% (32215) 21.8% (61145)
Quartile 3 €19.7) 23.9% (17735)  32.0% (27535) 24.2% (19695)  56.1% (157425)
Quartile 4 (28.8) 41.5% (30810) 19.9% (17140) 8.9% (7225) 3.8% (10540)

(1) Expenditures for food, clothing, and shelter exceeds the average level for the
region of residence by at least 20%
(2) Calculated by ranking values and establishing class boundaries
to provide 25% of the mumicipalities 1n each of 4 classes
(3) Proportion of persons who attended university in the total population 15 or older
(4) Mean rate per 100 persons within each quartile

Source: 1981 Census {Stats Canada E-574,1983]




Table A7.8 1981 New Brunswick Poputation by Incidence of Low-lncome (1) Quartiles (2)
and Urban/Rural Residence

Percent of Total Popultation 15 Years and Over n (persons)
Parishes, Towns or Villages

Cities
All Municipalities Less Than 2500 Greater Than 2500
Incrdence of Low- [ncome
Quartile (3)

Tetal (18.1 100.0% (696225) 100.0% (365440) 100.0% (114265)  100.0% (216520)
Quartile 1 ( 8.9) 19 1% (132840) 23.7% (B66T0) 40.4% (46170) 0.0% (O)
Quartile 2 (15.0) 26 4% (183920) 29 6% (108310) 27.9% (31895) 20.2% (43715)
Quartile 3 (19 7) 41 5% (288660) 24 4% (89250) 23.3% (26605) 79 8% (172805)
Quat tile 4 (28.8) 13 0% (5080%) 22 2% (81210) 8.4% (959%) 0 0% (0)

(1) Eependitures for food, clothing, and shel ter exceed the average level for the region of
residence by at least 20%

() Calculated by ranking values and establishing class boundaries
to provide 25% of the mumicipalities n each of 4 classes

(3) Mean rate per 100 persons within each quartale

Sour ce 1581 Census [Stats Canada E-574,1983)




Table A7.9 1981 New Brunswick Population by Migration (1) Quartiles (2) and Ur ban/Rural
Res1dence

Percent of Total Population 1n {persons)

Parishes, Towns or Villages Citses
ALl Municipalities Less Than 2500  Greater Than 2500
Migration
Quartile (3)

Total (15.4) 100 0% (696225) 100.0% (365440) 100.0% (11aloby 100 Q0 (Jleh n
Quartile 1 ( 7.5 16.2% (112800) 28.6% (1046440) 7.3% (8360) 0 0. ()
Quartile 2 (12.1) 30.2% (210450) 30.6% (111695 5.6% (600%) 42 M (9049
Quartile 3 (16.6) 34.74 (26157%) 20 74 (75620) 3677 (L1985) TR TR @ RE PRI
Quartile & (25.3) 18.9% (131400) 20 2% (73685) 50.5% (5/71h) 0nL (M

(1) persons living 1n a different dwelling 1n 1981 from the one they occupted an 1776
(2) quartiles were calculated by ranking values and establyshing ctasy boundat e

to provide about 25% of the mumicipalities tn each of 4 clasue,
(3) mean rate per 100 persons

Source: 1981 Census [Stats Canada E-574,1983)



Table A7.10 1981 New

Brunswick Population by Migration (1) Quartiles (2) and Language (3)

Migration
Quattiles (4)

ALl Mumicipalities

Population i1n Mumicipalities

With Large Proportions of (persons)

French

English

Total (15 &)

Quartile 1 ¢ 7 5)

Quartile 2 (12.1)

Quartile 3 (16 6)

Quattile 4 (25 3)

100.0%

16.2%

30.2%

34.7%

18.9%

(696225)

(112800)

(210450)

(261575)

(131400)

100.0%4 (196910)

30.46%

40.0%

20.9%

8 8%

(59825)>

(78695)

(41120)

(17270

100.0% (499315)

10.6% (52975)

26.4% (131755)

40.1% (200455)

22.9% (114130)

(1) persons Living 1n a different dwelling 1n 1981 from the one they occupied 1n 1976

() quartiles were calculated by ranking values and establishing class boundaries

to provide about 25% of the mumcipalities 1n each of 4 classes

(3) mother tongue French or English greater than 50% of municipal population

(4) mean rate per 100

per sons

Soutce 1981 Census  [Stats Canada E-574,1983)
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Table A7.11 1981 New Brunswick Population 15 and Over and Number of Persons by Migration (1)
Quartiles (2) and Educational Attainment (3) Quartiles (2)

Percent of Total Population 15 Years and Over Within

Educat tonal Attainment (persons)

Quartile 1 Quartile 2 Quartile 3 Quartile &4
Migration
Quartiles (&)
Total (15.4) 100.0% (74195) 100.0% (86130) 100.0% (8148%5) 100 0% (280860)
Quartile 1 (¢ 7.5) 51.8% (38455) 25.6% (22045) 22.0% (17925) T 2% (5ar)
Quartile 2 (12.1) 27.0% (20060) 34.THh (29915) 32.0% (26090) 29 M4 (8halY)
Quartile 3 (16.6) 11.0% (8125) 29.2% (25180) 17 8% (146470) 4955 (15850
Quartile & (25.3) 10.2% (7555) 10.4% (8990) 28.2% (23000) 19000 (55519)

(1) persons Living 1n a different dwelling 1n 1981 from the one they

occupted 10 1976

(2) quartiles were calculated by ranking values and establishing class boundaries

to provide about 25% of the total 1n each of 4 classes

(3) proportion of persons who attended university in the total population 15 or oldir
(4) mean rate per 100 percons

Source: 1981 Census [Stats Canada E-574,1983]
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Table A7.12 1981 New Brunswick Population by Incidence of Low Income (1) Quartiles (2)
and Migration (3) Quartiles (2)

Percent of Total Population Within Migration (persons)

Quartile 1 Quartile 2 Quartile 3 Quartile &
Incidence of Low- lncome
Quartiles (4)

Total (18.1 100.0% (112800) 100.0% (210450) 100.0% (261575) 100.0% (131400)
Quartile 1 ¢ 8.9) 12.3% (13850 10.7% (22440) 12.0% (29000) 51.4% (67550)
Quartite 2 (15 O) 16.6% (18735) 18.4% (38665) 39.4% (95070) 23.9% (31450)
Quartile 3 (19.7) 35.9% (4044%) 55.9% (117595) 45.5% (109920) 15.8% (20700)
Quartile & (28 8) 35 3% (39770) 15.1% (31750) 3.1% (7585) 8.9% (11700)

(1) expenditures for food, clothing, and shelter exceeds the average level for the region
ot residence by at least 20%

() quattiles were calculated by ranking values and establishing class boundaries
to provide about 25% of the total in each of &4 classes

(3) persons tiving 1n a different dwelling 1n 1981 from the one they occupied tn 1676

(4) mean rate per 100 persons

Source. 1981 Census [Stats Canada E-574,1983)




ey
LR

Appendix VIII

Global Site Classification Categories
Based Solely on Topographic Codes

Site Category 1CD-8/1CD-9 Count
Bladder, Kidney, and Other Urinary Organs 188-189 333
Breast 174-175 HhD
Endocrine 193 406
194 4

Eye 190 13
Female Genital (incl. uterus/unspecified) 179-18 1 3,0
234 )

Gallbladder 156 30
Ill-Defined Cancer 158 4
159 1

195-199 142

Intestine (small and large) 152 “
153 Lo

Larynx 161 L
Liver 15% ¥
Male Genital (incl. prostate) 185 44,
186 !

187 )

“outh and Pharynx 140 o
141 1

1473-14%4 2

146 b

144 /

149 !

Nasal, Middle Ear, Sinuses, Nasopharynx 147 14
160 11

Oesophagus 150 Py

Pancreas 197 1, .,
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Site Category ICD-8/1CD~-9 Count
Rectum, RS Junction and Anus 154 259
Fespiratory and Intrathoracic Organs 162-165 657
Salivary Glands 142 18
Skin (melanotic and other) 172 35
173 1713
Stomach 151 267
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