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Abstract

Toxic substances pose a threat to human health and the environment. The National Pollutant
Release Inventory (NPRI) is a comprehensive database reporting the releases and transfers of
toxic substances to air, water or land. Facilities with 10 or more full-time employees that
manufacture, process or otherwise use NPRI-listed substances in concentrations greater than or
equal to 1 percent and in quantities greater than or equal to 10 tonnes are required to report their
transfers and releases each year to Environment Canada. There are 230 substances of varying
toxicity listed on the NPRI. This paper describes a methodology for analysing the NPRI data to
provide a preliminary estimate of the toxic intensity of Canadian industries. Several indicators of
toxic intensity of releases from each industry relative to employment or the value of output are
calculated. These indicators show the potential for risks to health and the environment, not actual
impacts. Our preliminary estimates suggest that four industries release substances that have high
toxicity rankings: chemicals, mining, primary metals, and refined petroleum and coal. Industries
with low toxicity releases include food, beverage, machinery, leather, and electrical and
electronics. We also compare emissions per job or per dollar of output for manufacturing
industries in Canada and the United States.
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Introduction

Data on the state of the environment and emissions of toxic compounds provide an essential

component to the development of environmental policy initiatives. Governments of many

countries have been measuring the releases of a number of compounds connected with adverse

effects on environmental quality for a number of years. Canada has collected extensive data over

the past 20 to 25 years for the compounds associated with air pollution, the criteria pollutants –

sulphur dioxide, nitrogen oxides, volatile organic compounds, total suspended particulates,

ground-level ozone and contaminants affecting water quality – phosphate levels, bacteria levels,

and so on. The federal government has been measuring the compounds associated with global

warming – carbon dioxide, methane, and other greenhouse gases, and the ozone-depleting

compounds (e.g., chlorofluocarbons) for a shorter period of time, but the data are still quite

extensive. In addition to these pollutants, there is a large group of substances discharged to air,

water and on land that are known to have or are suspected of having a deleterious impact on

environmental quality and health, for which the Canadian government has only recently started

collecting data. These are referred to as “toxic substances” and are defined as follows under the

Canadian Environmental Protection Act – “a substance is considered to be toxic if it enters or

may enter the environment in quantities, concentrations or under conditions that do (or may)

result in harmful effects to the environment or to human health.” (Canada, Environment Canada

and Health and Welfare Canada, 1993). Substances are deemed toxic if they are harmful – posing

a threat to human health or ecological processes; or if they are highly resistant to chemical and

biological breakdown by natural processes, and thus persist in ecosystems after release; or if they

accumulate in the food chain causing adverse effects at higher levels. The National Pollutant

Release Inventory (NPRI) is a comprehensive database on releases and transfers of toxic

contaminants to air, water or land, established under the Canadian Environmental Protection

Act. The NPRI compiles data on 230 substances of varying toxicity. The objective of this paper is

to describe a methodology for examining the NPRI data on toxic releases and to provide a

preliminary investigation of the pollution intensity of Canadian industries, and the associated

potential risks to the environment and human health. A series of indicators of pollution intensity

is derived using NPRI data and Statistics Canada industry data. These indicators measure
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emissions and estimates of the toxicity of these emissions expressed as a ratio of employment or

the value of output for each industry. We compare our estimates for Canada to similar data for

manufacturing industries in the United States, collected in their Toxics Release Inventory (TRI).

The Databases:  NPRI and TRI

The NPRI is a federal government initiative designed to collect comprehensive national data

regarding releases from all industrial sources to air, water or land, and transfers in waste of

specified substances in Canada. A release is an on-site discharge of a listed substance to the

environment, either directly to the air, water or land, or by underground injection. A transfer is a

shipment of a listed substance in waste to an off-site location. The substance can be transferred

for physical, chemical or biological treatment, incineration, containment (landfill or other

storage), municipal sewage treatment or underground injection. Transfers do not include

substances sent for recovery, re-use or recycling. The data used in this analysis are from 1994, the

second year of reporting, published in October of 1996.1 The reporting criteria are as follows:

“Anyone in Canada who owns or operates a facility with 10 or more full-time employees in

the reporting year, and which manufactures, processes or otherwise uses any of the

NPRI-listed substances, in concentration equal to or greater than 1% and in quantities equal

to or greater than 10 tonnes (10,000 kg), must file a report with Environment Canada and

identify any releases or transfers in waste of those substances to air, water or land.”

(Environment Canada, 1996).

The Environmental Protection Agency (EPA) of the United States began collecting toxic release

data in 1987. The reporting criteria for the TRI is generally comparable to the NPRI. The facility

size with respect to the number of full-time employees is the same as that of the NPRI, although

in the United States, a facility must report if it manufactures or processes more than

25,000 pounds or uses more than 10,000 pounds of any listed chemical during the calendar year.

                                                  

1 The data for 1995 became available to us after this work was completed. A brief examination of the 1995 data
found no significant changes in the magnitudes of the ratios that we have calculated using the 1994 data. However,
Environment Canada has indicated that the 1996 data (not to be released until the fall of 1998) will show some
significant reductions in emissions from a number of sources.
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While Canada’s NPRI was largely modelled after the TRI, there are some differences that affect

the kind of cross-country comparisons that can be undertaken. The most important difference is

that the TRI only covers manufacturing industries (U.S. SIC 20-39). Thus when we compare

Canadian emission ratios to those of the United States, primary industries are omitted. The list of

substances measured in each country is generally similar with the exception of ozone-depleting

compounds and greenhouse gases. The NPRI chose not to include ozone-depleting compounds,

because under the Montreal Protocol, these gases (which also contribute to greenhouse gases)

were being phased out. These compounds still represent a fairly large proportion of emissions in

the United States (which is also phasing them out) and may also be present in significant

amounts in Canada.2 No greenhouse gases (carbon dioxide, methane), nor any of the criteria

pollutants are included in the toxics inventory of either country.

Canadian and U.S. SIC codes do not represent a complete match; some three- or four-digit

subsectors spill over into other classifications, making it risky to draw conclusions where there is

only a slight discrepancy between the emission ratios that we measure for each country.3

However, in a number of industry categories, we find that the ratios are quite different between

the countries. These differences cannot be due solely to any mismatching of firms within the

category and thus suggest that the pollution intensity of manufacturing between Canada and the

United States is different. The TRI data also report an emissions total from facilities that reported

either more than one SIC code or no code at all. Although this amount represented just over

seven percent of the total, it was decided to omit it rather than arbitrarily assign these emissions

to industry classifications. These amounts were included in the country total for the calculation of

the averages. The 1994 ratios defined below are constructed for all two-digit Standard Industrial

                                                  

2 The following is a selection of six ozone-depleting chemicals that are not on the NPRI Substance List; (Glycol
ethers; 1,1,1-Trichloroethane; HCFC-22; HCFC-141b; HCFC-142b; and Freon 113). These compounds are on the
TRI Top 50 Largest Total Releases List, representing over 5% of the total releases.
3 NPRI reporting forms did include a U.S. SIC code. However, the choice made by the reporting individual did not
appear to be very accurate in some situations. Therefore, these self-reported codes were not used to match the U.S.
industries. The tabulations we used were generally accurate enough to make the inter-country comparisons reported
in this paper. We caution, however, in making fine distinctions between the actual numbers reported, as there may
well be some non-comparability.
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Classification (SIC) manufacturing industries (SIC 10-39) in Canada as well as SIC 06 (mining)

and 07 (crude petroleum and natural gas), and all corresponding U.S. manufacturing industries.4

Emissions Ratios

The emissions ratios constructed for this study yield indicators of what we call emissions

intensity and toxic intensity. Emissions intensity is the ratio of the quantity of emissions to

employment or value added in an industry. It does not take into account the relative toxicity of

the compounds released by each source. Toxic intensity indicators weight the quantity of

emissions by various measures of toxicity of the compounds being released by each industry. We

are able to compute both emissions and toxic intensity for all Canadian firms reporting to the

NPRI, and have computed emissions intensity for U.S. manufacturing industries. We have not

yet been able to calculate the toxic intensity of U.S. manufacturing firms using our technique.

Our comparison of Canadian to U.S. manufacturing is thus based only on emissions intensity and

should not be interpreted as saying anything about the relative toxicity of the releases between

the two countries.

The first step in understanding and beginning to interpret the total emissions data is to choose a

measure of emissions. Three different measures of emissions were used in the numerator. The

first two measures yield emissions intensity indicators. The first measure (E), modelled after

previous studies (Templet, 1993, and Hettige, Martin, Singh and Wheeler, 1995) consists of both

releases and transfers. Transfers, even though they are not a direct release into the environment,

are included because they represent a toxic substance being used in the production process that

may have potentially harmful effects when it is placed in landfills, incinerated or otherwise

treated. Any of these processes can contribute to environmental damages.

                                                  

4 Two industries, tobacco and clothing, were excluded from the calculations because they did not report any
emissions in Canada for the 1994 reporting year. We also detected several significant errors in reporting  for the
Canadian data. Two companies mistakenly used kilograms as their unit of measurement instead of the required
tonnes. These errors were corrected.
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The second emission measure (R) excludes transfers in order to concentrate on chemicals being

directly released into the environment. Year-to-year comparisons of both ratios will be necessary

to evaluate the progress that industries are making in “cleaning up” their overall production

process, and not simply substituting one disposal measure for another or transferring their toxic

material to another location where they may be discharged. The inclusion of both values may be

the most accurate measure of the total quantity of chemicals being disposed into environmental

waste sinks.

Our third measure yields toxic intensity indicators. It takes into account the potential impact that

a compound has on the environment and health. This is the important innovation in our work.

The quantity of emissions is not necessarily representative of the environmental risk or potential

damages that may result from releases and transfers. Ratios that are based solely on emission

levels may be very misleading, because large volumes of relatively low toxicity releases may be

less harmful than a small quantity of a very toxic compound. We have constructed several

indicators that will be used to compute the toxic intensity ratios of emissions. The construction of

this third choice for a numerator will be discussed in more detail below.

Emissions Intensity Indicators

Emissions intensity is calculated by normalizing the emissions plus transfers or emissions alone

by relating them to an indicator of industry activity. We have chosen two standard measures of

industry activity and scale: the level of employment and the value of output. This allows a

comparison of emission intensity across industries and jurisdictions within and across countries.

It gives us a crude measure of the benefits of producing more output in the form of more

employment (and hence, income) versus the costs of production in the form of more emissions.

In looking for a denominator to act as a normalizing agent for the volume of releases, many

factors must be considered. For example, if these ratios are being constructed for cross-country

comparisons of the emissions intensity of a particular industry, it is important to use a value that

is consistently and reliably collected in each country and that is representative of similar

production processes. Employment measures, denoted (E/J) and (R/J) in the tables at the end of

this paper, provide an idea of the link between employment (jobs) and pollution, and allow us to
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see how this link differs across industries and within industries across jurisdictions. They also

allow us to make cross-country comparisons without having to convert monetary values into a

numeraire currency. The differences in emissions ratios among firms can be due to adoption of

pollution abatement or production technologies in response to regulation, and of course, can

also reflect differing factor endowments. We note that it may not be appropriate to use

employment-based values in country studies. They are best used to compare countries at a similar

stage of development that have similar capital/labour ratios in production. Our comparison is

between Canada and the United States, two countries with roughly comparable capital/labour

ratios in their manufacturing industries. It is also reasonable to assume that both countries have

access to the same technologies to mitigate releases of toxic substances. Thus, a difference in the

emission intensity for a given industry between Canada and the United States is likely to reflect a

different pollution intensity in the two countries rather than very different production

technologies or factor endowments. It could of course also reflect different product lines, as our

industry measures are highly aggregated.

We measure employment in two ways: total employment and employment of production

workers. While total employment is a reasonable measure when looking at the entire industry

across each country or between countries, it is probably a less desirable a measure when

examining ratios across provinces or states (or even smaller jurisdictions). This is why we also

compute emission ratios using production workers as our employment variable. Office and

administrative workers may not be directly connected to emissions. For example, we don’t want

to bias the emission ratios within an industry by comparing the head office of a company where

virtually no manufacturing production occurs, to a manufacturing plant located in another

province. Tables 1, 2 and 3 present the employment-based ratios for Canada and the

United States.
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The other emissions ratio is emissions per million dollars of output, denoted (E/$Q) in our tables.

The value of output of shipments of own manufacture as well as value added are used to

normalize the pollution data. This ratio, in combination with the E/J measures may allow us to

make inferences about production techniques using different factor intensities. If, for example, an

industry is found to have a much higher E/J in one jurisdiction, it could be either the result of

higher emissions or lower employment (higher output productivity) than its counterparts in other

jurisdictions. An E/$Q ratio of the same relative magnitude as the E/J would confirm the earlier

speculation of higher emissions. All of the Canadian denominator data are from Statistics

Canada’s Manufacturing Industries of Canada, 1994 (31-203-XPB). The U.S. data are from the

Annual Survey of Manufactures (M95 (AS) - 1). The E/$Q and R/$Q ratios for Canada and the

United States are found in Tables 4 through 7.

Interpretation of Emission Intensity Ratios

From the indicators in these tables, we find that the following Canadian manufacturing industries

have volumes of toxic releases both per job and per dollar of output more than 50-percent larger

than those of U.S. industries: chemicals and chemical products, non-metallic minerals, paper and

allied products, refined petroleum and coal, and rubber and plastics. U.S. emissions per job and

dollar of output exceeded Canadian by 50 percent for: electrical and electronics, fabricated metal,

food and beverage, furniture and fixtures, leather, machinery, and wood and lumber. There was

an insignificant difference between the two countries for primary metals, printing and publishing,

textile products and transportation equipment. In general, the sectors for which Canadian

manufacturing emission indicators are significantly above those of the United States are those

sectors with the highest emission intensities. The sectors for which Canadian industries are less

emission-intensive than their U.S. counterparts are generally those with low emissions per job

and per dollar of output. In short, Canadian industries that perform least well in controlling

emissions are those that have the greatest potential for causing environmental damage, as will be

shown with our toxic intensity indicators. Overall, emissions per job and per dollar of output

from Canadian manufacturing industries are 50-percent higher than releases from U.S.

manufacturing industries.
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There are many aspects to consider when interpreting these ratios. Emissions data are from the

actual sources of the toxic compounds. We then aggregate these data to the industry level.

Industry output and employment data are for the whole industry, not just for those that fall under

the reporting requirements of the NPRI or TRI. The facilities that report emissions, therefore,

cannot be matched with their respective employment or output values. The emission intensity

ratios calculated must therefore represent lower-bound estimates of the actual ratios for an

industry or country, and care must be taken when comparing NPRI or TRI data for more than

one year.5

Providing the reporting criteria and chemical lists remain fairly constant, these ratios can be very

helpful in monitoring a country’s or an industry’s progress over time in meeting whatever targets

exist regarding toxic emission levels. The ratios reflect a standardized amount of releases and

transfers of chemicals of an industry or region that can be used, subject to the caveats noted

above, to compare emission intensity across regions and countries. The ratios may reflect

potential risk, and possible public exposure to the compounds, but do not indicate the actual

toxicity or impact of the compounds on human health and the environment.

Toxic Intensity Indicators

To determine the impacts of the NPRI compounds on health and the environment, indicators of

the toxic intensity of the releases are needed. The toxicity levels of the NPRI/TRI-listed

substances can vary widely both within and across industries. If one just looks at emissions

intensity ratios, the natural tendency is to assume that environmental damages and adverse health

effects are larger, the bigger the value of these ratios. This may not be the case. As noted above,

high-volume releases of less toxic chemicals may be far less damaging than lower-volume

releases of highly toxic chemicals. A chemical’s persistence or longevity in the environment is

also important to consider. Micro-organisms are able to decompose some chemicals (e.g.

methanol) into less-toxic forms, while others may persist for long periods of time as a highly

                                                  

5 In Canada, NPRI reports 1,360 manufacturing facilities whereas Statistics Canada lists 31,974 manufacturing
establishments. For a further discussion on the upper- and lower-bound estimates, see World Bank study, IPPS:
The Industrial Pollution Projection System, Policy Research Department Working Paper, No. 1436, by H. Hettige,
P. Martin, M. Singh and D. Wheeler, where they actually did match facilities.
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toxic chemical (e.g. mercury, lead, cadmium). One serious consequence of the persistence of a

toxic chemical is bioaccumulation. Not only is this an obvious problem in and around a dump

site, but bioaccumulation can also pose an additional threat. A toxic chemical can reach animals

seeming to be outside of an emission release area via the food chain. The environmental medium

(air, water, land or underground injection) can also play a vital role, in both the area being

affected and the associated degree to which it is polluted.6 Due to the complex interactions

between the inhabiting species and their environment, pollutants can jeopardize the viability of

an ecosystem in a number of ways. Releases to streams and lakes can damage fish habitats and

spawning grounds. Airborne pollutants being deposited on grasslands may be damaging to the

beef and grain industries, not to mention the human health effects and analogous costs associated

with polluted air and water. Although the levels of the ratios will be the focus here, it is

important to consider the composition of these chemicals and their impact on the environment,

and the absorptive capacity of the ecosystem into which the chemicals are being released. The

interdependencies of species inhabiting an ecosystem make it difficult to predict the full impact

of most toxins. Quite often a domino effect has started even before the realization of the

existence of a problem. As a result of these intricate workings of an ecosystem, it has also

become necessary to monitor the cumulative effects of pollution emissions rather than just those

of an individual facility.

This study attempts to provide some of the data necessary to address these concerns with the

creation of the toxicity-weighted industry indicators. Even the relatively simple toxicity-weighted

measures developed here can assist the overall analysis. For example, they can highlight

industries that produce compounds that are more toxic-intensive than others, even though some

of these industries may not have very large emissions intensity ratios. On a more micro level,

they can allow for comparisons across individual facilities to see if those facilities that

manufacture similar products are indeed using chemicals with a similar toxic intensity.

                                                  

6 Environmental Protection Agency. Examples from the 1994 Toxic Release Inventory Public Data Release.
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The weighting system used in this analysis was derived from information from Pohanish and

Greene’s Hazardous Substances Resource Guide (1993). Chemicals were evaluated based on

their proposed threat in eight categories ranging from the ability to cause cancer to the ability to

cause damage to the environment, including harm to wildlife and plants (see Box 1 on page 11

for a complete definition of the categories). Pohanish and Greene provide tables of chemicals

indicating which environmental and health threats are associated with each chemical. We then

assigned a value to every NPRI-listed substance that is released and transferred, based on the

number of effects it causes: the larger the value, the greater the threat to human health and the

environment. The value assigned to each chemical was the total number of health and

environmental threats linked to the chemical, plus one. It was necessary to add one to all the

initial values to ensure that the base value was greater than zero, as some chemicals were not

deemed to cause any health or environmental threats (the resulting ranking ranged from 1 to 9).

Not all substances on the NPRI were listed in the Pohanish and Greene table, although the

authors discuss the environmental and health threats of these substances elsewhere in their text.

We used that information to assign values to these substances using the same criteria as noted

in Box 1. Once an initial value was assigned, the substance was cross-referenced with the

toxicity ranking of other chemicals of a similar chemical composition to insure comparability

of toxicity data.

For the purpose of this study, all health and environmental threats were treated equally in arriving

at a toxic weight for each chemical. Our toxicity ranking is therefore ordinal: a chemical that

receives a four is not necessarily twice as harmful as a chemical deemed to be a two. It could be

five times as toxic or even less toxic, depending on the exact nature of the threats in each health

and environmental category. We have no benchmark or absolute value against which to measure

each compound. After reviewing the classification of health and environmental threats, this may

seem to be an oversimplifying assumption. However, our weighted index was only designed to

show that chemicals being emitted by industry can vary quite substantially in their toxicity. We

feel that this is a useful first step in developing appropriate policy. Additional toxicological data

are needed to determine an index that shows a more precise measure of the intensity of damages.
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Box 1

Classification of Chemicals as Human Health and Environmental Threats

Carcinogenicity: the ability to cause cancer.
Examples: benzine, formaldehyde

Acute toxicity: the ability to cause death after
short-term exposure.
Examples: chlorine, arsenic

Heritable genetic and chromosomal
mutation: the ability to produce in human
germ cells mutations that can be passed from
generation to generation.
Examples: styrine, vinyl chloride

Chronic toxicity: the ability to cause adverse
effects (other than cancer) after long-term
exposure, such as damage to the kidneys,
lungs, liver or bones.
Examples: acetone, ammonia

Developmental toxicity: the ability to
damage children’s development in the womb
or after birth, causing such problems as
structural defects, prenatal death, learning
disorders, growth retardation, etc.
Examples: toluene, nickel

Neurotoxicity: the ability to damage the
central or peripheral nervous system after
long-term exposure.
Examples: lead, manganese

Reproductive toxicity: the ability to damage
men’s or women’s capability to reproduce by
sterility, an inability to have sex, an inability
to produce milk, etc.
Examples: xylene isomers, methyl ethyl
ketone

Envirotoxicity: the ability to seriously and
significantly damage the environment and
harm wildlife and plants. Two related factors
are persistence, which is a chemical’s longevity
in the environment, and bioaccumulation,
which is the tendency of a chemical to be
retained or accumulate in an organism, and
then be eaten and retained by other organisms
that are higher up on the food chain.
Examples: sulphuric acid, zinc

Source: Richard Pohanish and Stanley Greene, eds., Hazardous Substances Resource Guide,
1993, reprinted from the section “Hazardous Substances at a Glance”, page c.
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The NPRI database includes every listed chemical emitted by each facility. The associated

toxicity rating of each chemical was entered into the database for every reported release and

transfer in 1994. Releases and transfers were done separately to be able to separate out the two

types of measures. A toxicity-weighted emission level can then be calculated for each facility by

multiplying each substance by its toxic rating and consequently summing for each facility. Once

this database was completed, it could be aggregated in a number of ways. For this study, the

facilities were aggregated by SIC code to obtain toxicity-weighted emissions by industry. Only

the toxicity-weighted releases, instead of both releases and transfers, were summed within each

industry to be used as a numerator for the ratios. Employment and the value of production were

used in the denominator. The result is a unique set of Canadian toxic intensity indicators that are

shown in Table 8.

These toxicity-weighted releases were divided by the reported releases for each industry to obtain

a toxic release multiplier. This multiplier represents a fundamental indicator showing the relative

toxicity of hazardous compounds released by an industry. However, like any value portraying an

average, there are associated problems. Industries that emit a small quantity of highly toxic

compounds will have a large multiplier, whereas industries releasing large quantities of a less

toxic compound will have a lower multiplier. This is why we also show toxicity-weighted

releases, and normalize by dividing by employment or the value of output. This information on

toxicity-weighted releases can be put into perspective by calculating an index of toxic intensity of

each industry relative to all industries. Toxicity-weighted releases per dollar of output or per job

are divided by the weighted average for all industries (then multiplied by 100). This yields the

overall toxic intensity index shown in Table 8.

We computed two other toxicity indicators for each industry using the envirotoxicity and

carcinogenicity (as defined in Box 1) of each compound released by each industry. These are

then aggregated to the industry level and normalized by employment or the value of output.

Table 9 presents the indicators. The pattern of these indicators across industries is generally

comparable to the overall toxicity intensity indicator.
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The information presented in Tables 8 and 9 indicates that toxic intensity varies widely across

different industries. It is important to remember that these are industry aggregates, and businesses

within an industry may be releasing compounds with differing degrees of toxicity. Four industry

sectors have high toxicity rankings for all the indicators: refined petroleum and coal, chemicals,

mining, and primary metals. Industries of medium toxicity include crude petroleum and natural

gas, paper and allied products, non-metallic minerals, rubbers, plastics, and transportation

equipment. Industries with consistently low values include food, beverage, machinery, leather,

and electrical and electronics.

Clearly, there is much more work to be done on designing indicators of toxicity. A more

elaborate toxicity-weighted system may focus on the underlying factors of the human health and

environmental threats outlined in Box 1. For example, a system using the potency of the

chemicals as the basis for the weighting procedure and not just whether it causes a particular

effect would increase the complexity. How elaborate the toxicity-weighting system becomes

partially depends on its intended use. In this present study, the goal was to design an indicator to

augment the initial emission ratios with a measure that could also reveal the large toxicological

variance in the NPRI-listed substances. Therefore, a weighting based on the number of health

threats as adopted here was sufficient. The EPA is conducting research where the toxicity-

weighted ranking is based on a “reference dose,” which estimates the daily exposure necessary to

produce adverse health effects. Models developed by the EPA use these weights in conjunction

with exposure characteristics and receptor populations to derive human health indicators. This

would be an important next step on the way to designing a more complete risk-based model,

incorporating chemical toxicity, geographical and meteorological conditions, human and other

species exposure, as well as duration of the exposure. However, as the models become more

complex, the amount of subjective evaluation inherent in the models also tends to increase.

Furthermore, the toxicological data used as a foundation for these models does not exist for some

chemicals, while for others, scientists have not yet reached a consensus about the toxicity.
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Emission and Toxic Intensity by Firm Size

We computed emission and toxic intensity indicators for all Canadian industries required to

report to the NPRI by size of facility, where size is indicated by the number of employees. More

specifically, facility size is defined by the number of full-time employees as listed by each facility

on their NPRI report. We chose seven employment-size categories: 0-25, 26-50, 51-100,

101-200, 201-500, 501-1000, and greater than 1000 employees The first category, 0-25, includes

firms that are not required by law to report to the NPRI. Only firms with more than 10 employees

are required to do so. However, we found that a number of small facilities voluntarily reported.

These were often operations owned by larger companies that were required to report. A total of

1,707 facilities are in our sample. This represents virtually all of the facilities that reported to the

NPRI in 1994.7 We note, however, that Statistics Canada lists 31,974 manufacturing facilities in

1994. Thus, a substantial number of operations, presumably many of which represent small

businesses, are not required to report to the NPRI.

We calculated the emission and toxic intensity for each facility analogously to the procedures

explained above. The facilities were aggregated by employee size to yield Table 9.4 of the Report

of the Technical Committee on Business Taxation. This table is repeated here as Table 10.

                                                  

7 The NPRI lists 1,713 facilities reported in 1994. Confidentiality requirements prevented us from examining the
toxic data for 6 facilities.
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TABLE 1

Comparisons of Emissions to Employment Ratios (E/J)
between Canada and the United States by SIC Codes, 1994,

pounds per all employees (Releases + Transfers / All Employees)

Can.
SIC Sector E/J

U.S.
SIC Sector E/J

10 Food 3.3 20 Food 40.4
11 Beverage 4.3
15 Rubber 245.5 30 Rubber & Plastics 139.6
16 Plastics 218.6
17 Leather 16.5 31 Leather 86.1
18 Primary Textiles 21.0 22 Textiles 39.2
19 Textile Products 23.8
25 Wood 14.6 24 Lumber 55.0
26 Furniture & Fixtures 28.6 25 Furniture & Fixtures 106.5
27 Paper & Allied Products 768.9 26 Paper & Allied Products 481.9
28 Printing & Publishing 29.4 27 Printing & Publishing 23.5
29 Primary Metal 817.4 33 Primary Metal 808.5
30 Fabricated Metal 70.1 34 Fabricated Metal 90.8
31 Machinery 4.7 35 Machinery 17.7
32 Transportation Equip. 112.9 37 Transportation Equip. 93.4
33 Electrical & Electronic 23.2 36 Electrical & Electronic 40.6
35 Non-metallic Mineral 149.1 32 Stone/Clay/Glass 59.1
36 Refined Pet. & Coal 1866.6 29 Petroleum & Coal 586.9
37 Chemicals & Chem. Prod. 1682.7 28 Chemicals & Allied 1460.0
39 Other Manufacturing 26.7 39 Misc. Manufacturing 43.8

38* Instruments & Related 28.8

Canadian Average 243.3 U.S. Average 180.6
* Instruments and related products are included in SIC 39 in Canada.

Note: The NPRI summary report for 1994 did not report releases or transfers for the Tobacco and Clothing
sectors. Therefore, those sectors, along with the corresponding sectors in the United States, were omitted from
the calculation of the averages.

Sources: Canadian emissions data are from Environment Canada’s NPRI, Canadian employment data (all
employees) are from Statistics Canada, Manufacturing Industries of Canada, National and Provincial Areas,
Cat. No. 31-203-XPB. U.S. emissions data are from the Environmental Protection Agency’s Toxic Release
Inventory, U.S. employment data (all employees) are from the Bureau of the Census’s Annual Survey of
Manufactures M95(AS)-1.
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TABLE 2

Comparisons of Emissions to Employment Ratios (E/J)
between Canada and the United States by SIC Codes, 1994,

pounds per production worker (Releases + Transfers / Production Workers)

Can.
SIC Sector E/J

U.S.
SIC Sector E/J

10 Food 4.5 20 Food 54.9
11 Beverage 8.5
15 Rubber 329.7 30 Rubber & Plastics 178.1
16 Plastics 268.5
17 Leather 19.5 31 Leather 101.4
18 Primary Textiles 27.1 22 Textiles 45.9
19 Textile Products 29.4
25 Wood 17.4 24 Lumber 66.4
26 Furniture & Fixtures 34.4 25 Furniture & Fixtures 132.2
27 Paper & Allied Products 1004.1 26 Paper & Allied Products 624.9
28 Printing & Publishing 52.1 27 Printing & Publishing 44.9
29 Primary Metal 1039.7 33 Primary Metal 1038.0
30 Fabricated Metal 87.7 34 Fabricated Metal 121.3
31 Machinery 6.3 35 Machinery 21.7
32 Transportation Equip. 142.0 37 Transportation Equip. 136.0
33 Electrical & Electronic 33.5 36 Electrical & Electronic 63.0
35 Non-metallic Mineral 193.2 32 Stone/Clay/Glass 76.5
36 Refined Pet. & Coal 3686.9 29 Petroleum & Coal 903.9
37 Chemicals & Chem. Prod. 3007.1 28 Chemicals & Allied 2546.8
39 Other Manufacturing 36.2 39 Misc. Manufacturing 61.7

38* Instruments & Related 55.5

Canadian Average 328.6 U.S. Average 281.5
* Instruments and related products are included in SIC 39 in Canada.

Note: The NPRI summary report for 1994 did not report releases or transfers for the Tobacco and Clothing
sectors. Therefore, those sectors, along with the corresponding sectors in the United States, were omitted from the
calculation of the averages.

Sources: Canadian emissions data are from Environment Canada’s NPRI, Canadian employment data (production
workers) are from Statistics Canada, Manufacturing Industries of Canada, National and Provincial Areas,
Cat. No. 31-203-XPB. U.S. emissions data are from the Environmental Protection Agency’s Toxic Release
Inventory, U.S. employment data (production workers) are from the Bureau of the Census’s Annual Survey of
Manufactures M95(AS)-1.
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TABLE 3

Comparisons of Releases to Employment Ratios (R/J)
between Canada and the United States by SIC Codes, 1994,

pounds per production worker (Releases / Production Workers)

Can.
SIC Sector R/J

U.S.
SIC Sector R/J

10 Food 0.6 20 Food 29.1
11 Beverage 2.4 154.9
15 Rubber 280.4 30 Rubber & Plastics
16 Plastics 221.3
17 Leather 12.3 31 Leather 51.3
18 Primary Textiles 26.1 22 Textiles 33.1
19 Textile Products 29.3
25 Wood 15.6 24 Lumber 57.1
26 Furniture & Fixtures 31.5 25 Furniture & Fixtures 126.8
27 Paper & Allied Products 913.8 26 Paper & Allied Products 512.8
28 Printing & Publishing 44.5 27 Printing & Publishing 43.8
29 Primary Metal 688.7 33 Primary Metal 606.0
30 Fabricated Metal 37.6 34 Fabricated Metal 83.5
31 Machinery 4.8 35 Machinery 21.7
32 Transportation Equip. 103.6 37 Transportation Equip. 114.6
33 Electrical & Electronic 13.2 36 Electrical & Electronic 35.7
35 Non-metallic Mineral 170.3 32 Stone/Clay/Glass 52.1
36 Refined Pet. & Coal 3486.2 29 Petroleum & Coal 770.1
37 Chemicals & Chem. Prod. 2674.5 28 Chemicals & Allied 1803.4
39 Other Manufacturing 23.1 39 Misc. Manufacturing 51.5

38* Instruments & Related 41.7

Canadian Average 271.4 U.S. Average 202.9
* Instruments and related products are included in SIC 39 in Canada.

Note: The NPRI summary report for 1994 did not report releases or transfers for the Tobacco and Clothing
sectors. Therefore, those sectors, along with the corresponding sectors in the United States, were omitted from the
calculation of the averages. This table corresponds to the upper panel of Table 9.2 in the Report except that this
table does not include the primary sectors such as mining, and crude petroleum and gas, as the U.S. Toxic Release
Inventory (TRI) only covers manufacturing industries, while the NPRI covers all industries. Note that units in this
table are in pounds, not tonnes.

Sources: Canadian releases data are from Environment Canada’s NPRI, Canadian employment data (production
workers) are from Statistics Canada, Manufacturing Industries of Canada, National and Provincial Areas,
Cat. No. 31-203-XPB. U.S. releases data are from the Environmental Protection Agency’s TRI, U.S. employment
data (production workers) are from the Bureau of the Census’s Annual Survey of Manufactures M95(AS)-1.
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TABLE 4

Comparisons of Emissions to Output Value Ratios (E/$Q)
between Canada and the United States by SIC Codes, 1994,

pounds per million Canadian $ (Releases + Transfers / Value Added)

Can.
SIC Sector E/$Q

U.S.
SIC Sector E/$Q

10 Food 43 20 Food 260
11 Beverage 27
15 Rubber 3,568 30 Rubber & Plastics 1,427
16 Plastics 3,430
17 Leather 429 31 Leather 1,261
18 Primary Textiles 281 22 Textiles 544
19 Textile Products 452
25 Wood 172 24 Lumber 710
26 Furniture & Fixtures 567 25 Furniture & Fixtures 1,534
27 Paper & Allied Products 7,286 26 Paper & Allied Products 3,456
28 Printing & Publishing 412 27 Printing & Publishing 212
29 Primary Metal 7,290 33 Primary Metal 6,077
30 Fabricated Metal 1,099 34 Fabricated Metal 965
31 Machinery 60 35 Machinery 147
32 Transportation Equip. 1,090 37 Transportation Equip. 609
33 Electrical & Electronic 281 36 Electrical & Electronic 288
35 Non-metallic Mineral 1,797 32 Stone/Clay/Glass 530
36 Refined Pet. & Coal 9,293 29 Petroleum & Coal 1,643
37 Chemicals & Chem. Prod. 11,557 28 Chemicals & Allied 4,844
39 Other Manufacturing 444 39 Misc. Manufacturing 497

38* Instruments & Related 189

Canadian Average 2,791 U.S. Average 1,484
* Instruments and related products are included in SIC 39 in Canada.

Note: The NPRI summary report for 1994 did not report releases or transfers for the Tobacco and Clothing
sectors. Therefore, those sectors, along with the corresponding sectors in the United States, were omitted from the
calculation of the averages.

Sources: Canadian emissions data are from Environment Canada’s NPRI, Canadian output was value added from
manufacturing activity, from Statistics Canada, Manufacturing Industries of Canada, National and Provincial
Areas, Cat. No. 31-203-XPB. U.S. emissions data are from the Environmental Protection Agency’s Toxic Release
Inventory. U.S. output was also value added by manufacture, current dollars, from the Bureau of the Census’s
Annual Survey of Manufactures M95(AS)-1. The values were then converted to Canadian dollars.
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TABLE 5

Comparisons of Releases to Output Value Ratios (R/$Q)
between Canada and the United States by SIC Codes, 1994,

pounds per million Canadian $ (Releases / Value Added)

Can.
SIC Sector R/$Q

U.S.
SIC Sector R/$Q

10 Food 6 20 Food 138
11 Beverage 7
15 Rubber 3,034 30 Rubber & Plastics 1,241
16 Plastics 2,827
17 Leather 271 31 Leather 638
18 Primary Textiles 271 22 Textiles 392
19 Textile Products 450
25 Wood 155 24 Lumber 611
26 Furniture & Fixtures 519 25 Furniture & Fixtures 1,470
27 Paper & Allied Products 6,630 26 Paper & Allied Products 2,837
28 Printing & Publishing 352 27 Printing & Publishing 207
29 Primary Metal 4,829 33 Primary Metal 3,548
30 Fabricated Metal 471 34 Fabricated Metal 664
31 Machinery 47 35 Machinery 117
32 Transportation Equip. 795 37 Transportation Equip. 513
33 Electrical & Electronic 110 36 Electrical & Electronic 163
35 Non-metallic Mineral 1,583 32 Stone/Clay/Glass 361
36 Refined Pet. & Coal 8,787 29 Petroleum & Coal 1,400
37 Chemicals & Chem. Prod. 10,279 28 Chemicals & Allied 3,430
39 Other Manufacturing 283 39 Misc. Manufacturing 415

38* Instruments & Related 142

Canadian Average 2,305 U.S. Average 1,070
* Instruments and related products are included in SIC 39 in Canada.

Note: The NPRI summary report for 1994 did not report releases or transfers for the Tobacco and Clothing sectors.
Therefore, those sectors, along with the corresponding sectors in the United States, were omitted from the
calculation of the averages.

Sources: Canadian releases data are from Environment Canada’s NPRI, Canadian output was value added from
manufacturing activity, from Statistics Canada, Manufacturing Industries of Canada, National and Provincial
Areas, Cat. No. 31-203-XPB. U.S. releases data are from the Environmental Protection Agency’s Toxic Release
Inventory. U.S. output was also value added, current dollars, from the Bureau of the Census’s Annual Survey of
Manufactures M95(AS)-1. The values were then converted to Canadian dollars.
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TABLE 6

Comparisons of Emissions to Output Value Ratios (E/$Q)
between Canada and the United States by SIC Codes, 1994,

pounds per million Canadian $ (Releases + Transfers / Value of Industry Shipments)

Can.
SIC Sector E/$Q

U.S.
SIC Sector E/$Q

10 Food 15 20 Food 104
11 Beverage 16
15 Rubber 1,712 30 Rubber & Plastics 738
16 Plastics 1,636
17 Leather 214 31 Leather 609
18 Primary Textiles 132 22 Textiles 230
19 Textile Products 206
25 Wood 75 24 Lumber 279
26 Furniture & Fixtures 297 25 Furniture & Fixtures 772
27 Paper & Allied Products 3,053 26 Paper & Allied Products 1,528
28 Printing & Publishing 267 27 Printing & Publishing 145
29 Primary Metal 2,926 33 Primary Metal 2,437
30 Fabricated Metal 552 34 Fabricated Metal 491
31 Machinery 30 35 Machinery 75
32 Transportation Equip. 322 37 Transportation Equip. 234
33 Electrical & Electronic 114 36 Electrical & Electronic 166
35 Non-metallic Mineral 933 32 Stone/Clay/Glass 294
36 Refined Pet. & Coal 1,443 29 Petroleum & Coal 333
37 Chemicals & Chem. Prod. 5,540 28 Chemicals & Allied 2,635
39 Other Manufacturing 252 39 Misc. Manufacturing 276

38* Instruments & Related 126

Canadian Average 1,120 U.S. Average 707
* Instruments and related products are included in SIC 39 in Canada.

Note: The NPRI summary report for 1994 did not report releases or transfers for the Tobacco and Clothing
sectors. Therefore, those sectors, along with the corresponding sectors in the United States, were omitted from the
calculation of the averages.

Sources: Canadian emissions data are from Environment Canada’s NPRI, Canadian output was value of industry
shipments of own manufacture, from Statistics Canada, Manufacturing Industries of Canada, National and
Provincial Areas, Cat. No. 31-203-XPB. United States emissions data are from the Environmental Protection
Agency’s Toxic Release Inventory. U.S. output was also value of industry shipments, current dollars, from the
Bureau of the Census’s Annual Survey of Manufactures M95(AS)-1. The values were then converted to
Canadian dollars.
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TABLE 7

Comparisons of Releases to Output Value Ratios (R/$Q)
between Canada and the United States by SIC Codes, 1994,

pounds per million Canadian $ (Releases / Value of Industry Shipments)

Can.
SIC Sector E/$Q

U.S.
SIC Sector E/$Q

10 Food 2 20 Food 55
11 Beverage 5
15 Rubber 1,456 30 Rubber & Plastics 642
16 Plastics 1,349
17 Leather 135 31 Leather 308
18 Primary Textiles 127 22 Textiles 166
19 Textile Products 206
25 Wood 68 24 Lumber 240
26 Furniture & Fixtures 272 25 Furniture & Fixtures 740
27 Paper & Allied Products 2,778 26 Paper & Allied Products 1,254
28 Printing & Publishing 228 27 Printing & Publishing 142
29 Primary Metal 1,938 33 Primary Metal 1,423
30 Fabricated Metal 237 34 Fabricated Metal 338
31 Machinery 23 35 Machinery 60
32 Transportation Equip. 235 37 Transportation Equip. 197
33 Electrical & Electronic 45 36 Electrical & Electronic 94
35 Non-metallic Mineral 822 32 Stone/Clay/Glass 200
36 Refined Pet. & Coal 1,364 29 Petroleum & Coal 284
37 Chemicals & Chem. Prod. 4,927 28 Chemicals & Allied 1,866
39 Other Manufacturing 160 39 Misc. Manufacturing 231

38* Instruments & Related 95

Canadian Average 925 U.S. Average 510
* Instruments and related products are included in SIC 39 in Canada.

Note: The NPRI summary report for 1994 did not report releases or transfers for the Tobacco and Clothing
sectors. Therefore, those sectors, along with the corresponding sectors in the United States, were omitted from the
calculation of the averages. This table corresponds to the lower panel of Table 9.2 in the Report of the Technical
Committee on Business Taxation, except that this table does not include the primary sectors such as mining and
crude petroleum and gas, as the U.S. Toxic Release Inventory (TRI) only covers manufacturing industries, while
the NPRI covers all industries. Note that units in this table are in pounds, not tonnes.

Sources: Canadian releases data are from Environment Canada’s NPRI, Canadian output was value of industry
shipments from manufacturing activity, from Statistics Canada, Manufacturing Industries of Canada, National
and Provincial Areas, Cat. No. 31-203-XPB. U.S. releases data are from the Environmental Protection Agency’s
TRI. U.S. output was also value of industry shipments of goods of own manufacture, current dollars, from the
Bureau of the Census’s Annual Survey of Manufactures M95(AS)-1. The values were then converted to
Canadian dollars.
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TABLE 8

Canadian Toxic Multipliers, Toxicity-Weighted Releases Relative to
Employment of Production Workers and per Dollar Output,

and an Index of Overall Toxicity, by SIC Codes, 1994

Toxicity Weighted Overall
SIC Sector Toxic Multiplier Tonnes/job Tonnes/$Q Toxic Intensity
06 Mining 3.25 2.19 6.74 428
07 Crude Pet. & Nat. Gas 2.94 1.56 0.53 304
10 Food 3.00 s s s
11 Beverage 3.69 s s 1
15 Rubber 4.75 0.60 3.14 118
16 Plastics 3.90 0.39 2.39 76
17 Leather 3.15 0.02 0.19 3
18 Primary Textiles 4.19 0.05 0.24 10
19 Textile Products 4.26 0.06 0.40 11
25 Wood 5.62 0.04 0.17 8
26 Furniture & Fixtures 4.24 0.06 0.52 12
27 Paper & Allied Products 2.66 1.10 0.34 215
28 Printing & Publishing 3.84 0.08 0.40 15
29 Primary Metal 4.93 1.54 4.33 300
30 Fabricated Metal 3.97 0.07 0.43 13
31 Machinery 3.19 0.01 0.03 1
32 Transportation Equipment 4.15 0.19 0.44 38
33 Electrical & Electronic 4.58 0.03 0.09 5
35 Non-metallic Mineral 4.34 0.34 1.62 65
36 Refined Pet. & Coal 3.78 5.98 2.34 1165
37 Chemicals & Chem.

Products
3.48 4.22 7.78 823

39 Other Manufacturing 4.41 0.05 0.32 9

Weighted average 100
Notes: An s denotes a toxicity-weighted value less than 0.01 or an overall toxicity of less than 0.5. The NPRI
summary report for 1994 did not report releases or transfers for the Tobacco and Clothing sectors. Therefore, they
were omitted.

Sources: Canadian releases data are from Environment Canada’s NPRI, Canadian employment data (production
workers) are from Statistics Canada, Manufacturing Industries of Canada, National and Provincial Areas,
Cat. No. 31-203-XPB.
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TABLE 9

Carcinogenicity and Envirotoxicity per production employee and
per dollar of output, by SIC Codes, 1994

Toxicity Weighted Overall
SIC Sector Toxic Multiplier Tonnes/job Tonnes/$Q Toxic Intensity
06 Mining 0.105 0.324 0.276 0.847
07 Crude Pet. & Nat. Gas 0.053 0.018 0.138 0.047
10 Food 0.001 0.004 0.002 0.005
11 Beverage s s 0.003 0.006
15 Rubber 0.010 0.054 0.133 0.693
16 Plastics 0.055 0.333 0.032 0.197
17 Leather s 0.004 0.006 0.061
18 Primary Textiles 0.003 0.016 0.012 0.058
19 Textile Products s s 0.005 0.035
25 Wood 0.006 0.024 0.006 0.027
26 Furniture & Fixtures 0.001 0.009 0.012 0.106
27 Paper & Allied Products 0.009 0.003 0.103 0.031
28 Printing & Publishing 0.008 0.033 0.013 0.068
29 Primary Metal 0.115 0.325 0.329 0.926
30 Fabricated Metal 0.004 0.022 0.021 0.131
31 Machinery s s 0.002 0.008
32 Transportation Equip. 0.008 0.018 0.047 0.107
33 Electrical & Electronic 0.003 0.012 0.010 0.033
35 Non-metallic Mineral 0.017 0.082 0.067 0.325
36 Refined Pet. & Coal 0.127 0.050 1.241 0.486
37 Chemicals & Chem. Products 0.122 0.225 0.921 1.697
39 Other Manufacturing 0.001 0.008 0.006 0.044

Notes: An s denotes a value less than 0.001. The NPRI summary report for 1994 did not report releases or transfers
for the Tobacco and Clothing sectors. Therefore, they were omitted.

Sources: Canadian releases data are from Environment Canada’s NPRI, Canadian output was value of industry
shipments from manufacturing activity, from Statistics Canada, Manufacturing Industries of Canada, National and
Provincial Areas, Cat. No. 31-203-XPB. Computations by the authors are based on carcinogenicity and
envirotoxicity ratings of Pohanish and Greene (1993).
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TABLE 10

Emissions and Toxic Intensity by Firm Size, 1994

Emissions and Impact per Full-time Employee

Firm Size Emissions
Carcinogenic

Releases
Environmental

Toxins
Overall
Toxicity

(full-time
employees)

(tonnes / job) (tonnes / job) (tonnes / job) (Index)

1 to 25 .363 .126 .382 94
26 to 50 .465 .123 .312 123
51 to 100 .251 .110 .244 71
101 to 200 .416 .114 .212 85
201 to 500 .770 .072 .507 191
501 to 1000 .334 .048 .202 85
Over 1000 .183 .026 .122 51

Weighted Average .378 .056 .246 100

Sources: Calculated from Environment Canada (1996) National Pollutant Release Inventory Data Release for 1994,
R.P. Pohanish and S.A. Greene (1993) "Hazardous Substances at a Glance" in R.P. Pohanish and S.A. Greene, eds.,
Hazardous Substances Resources Guide, Gale Research Inc., Detroit, and R.J. Lewis, Sr. (1993) Hazardous
Chemicals Desk Reference, Van Nostrand Reinhold, New York.
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Technical Committee on Business Taxation
The Technical Committee was established by the Minister of Finance, at the time of the
March 1996 federal budget, to consider ways of:

• improving the business tax system to promote job creation and economic growth,
• simplifying the taxation of businesses to facilitate compliance and administration, and
• enhancing fairness to ensure that all businesses share the cost of providing government

services.

 The report of the Technical Committee was released in April 1998, with public consultations to
follow the release of the report.

 The Technical Committee was composed of a panel with legal, accounting and economic
expertise in the tax field. The members are:

 Mr. Robert Brown
Price Waterhouse
Toronto, Ontario

 Mr. James Cowan
Stewart McKelvey Stirling Scales
Halifax, Nova Scotia

 Mr. Wilfrid Lefebvre
Ogilvy Renault
Montreal, Quebec

 Professor Nancy Olewiler
Department of Economics
Simon Fraser University
Burnaby, British Columbia

 Mr. Stephen Richardson
Tory Tory Deslauriers & Binnington
Toronto, Ontario

 Professor Bev Dahlby
Department of Economics
University of Alberta
Edmonton, Alberta

 Mr. Allan Lanthier
Ernst & Young
Montreal, Quebec

 Professor Jack Mintz, Chair
Joseph L. Rotman School of Management
University of Toronto
Clifford Clark Visiting Economist (1996-1997)
Department of Finance
Ottawa, Ontario

 Mr. Norm Promislow
Buchwald Asper Gallagher Henteleff
Winnipeg, Manitoba

 The Technical Committee commissioned a number of studies from outside experts to provide
analysis of many of the issues being considered as part of its mandate. These studies were
released as working papers to make the analysis available for information and comment. The
papers received only limited evaluation; views expressed are those of the authors and do not
necessarily reflect the views of the Technical Committee.

 A list of research studies follows. They may be requested from:

 Distribution Centre
Department of Finance
300 Laurier Avenue West
Ottawa, Ontario K1A 0G5
Telephone: (613) 995-2855
Facsimile: (613) 996-0518

 They are also available on the Internet at http://www.fin.gc.ca/



28 WORKING PAPER 97-16

 Technical Committee on Business Taxation
Research Studies

 � WORKING PAPER 96-1
Comparison and Assessment of the Tax Treatment of Foreign-Source
Income in Canada, Australia, France, Germany and the United States
Brian Arnold (Goodman Phillips & Vineberg)
Jinyan Li and Daniel Sandler (University of Western Ontario)

 � WORKING PAPER 96-2
Why Tax Corporations?
Richard M. Bird (University of Toronto)

 � WORKING PAPER 96-3
Tax Policy and Job Creation: Specific Employment Incentive Programs
Ben Cherniavsky (Technical Committee Research Analyst)

 � WORKING PAPER 96-4
The Effects of Taxation on U.S. Multinationals
and Their Canadian Affiliates
Jason G. Cummins (New York University)

 � WORKING PAPER 96-5
The Integration of Corporate and Personal Taxes in Europe:
The Role of Minimum Taxes on Dividend Payments
Michael P. Devereux (Keele University)

 � WORKING PAPER 96-6
International Implications of U.S. Business Tax Reform
Andrew B. Lyon (University of Maryland)

 � WORKING PAPER 96-7
The Economic Effects of Dividend Taxation
Ken J. McKenzie (University of Calgary)
Aileen J. Thompson (Carleton University)

 � WORKING PAPER 96-8
Capital Tax Issues
Peter E. McQuillan and E. Cal Cochrane (KPMG, Toronto)

 � WORKING PAPER 96-9
Compliance Issues: Small Business and the Corporate Income Tax System
Plamondon and Associates Inc. (Ottawa)

 � WORKING PAPER 96-10
Study on Transfer Pricing
Robert Turner, C.A. (Ernst & Young, Toronto)

 � WORKING PAPER 96-11
The Interaction of Federal and Provincial Taxes on Businesses
Marianne Vigneault (Bishop’s University)
Robin Boadway (Queen’s University)

 � WORKING PAPER 96-12
Taxation of Inbound Investment
W.G. Williamson and R.A. Garland (Arthur Andersen, Toronto)
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 Technical Committee on Business Taxation
Research Studies (Cont’d)

� WORKING PAPER 97-1
The Sensitivity of the Corporate Income Tax to the Statutory Rate
Peter Dungan, Steve Murphy, Thomas A.Wilson (University of Toronto)

� WORKING PAPER 97-2
The Income Tax Compliance Burden in Canadian Big Business
Brian Erard (Carleton University)

� WORKING PAPER 97-3
Taxes, the Cost of Capital, and Investment:
A Comparison of Canada and the United States
Kenneth J. McKenzie (University of Calgary)
Aileen J. Thompson (Carleton University)

� WORKING PAPER 97-4
Tax Policy and the Dynamic Demand for Domestic and Foreign Capital
by Multinational Corporations
Rosanne Altshuler (Rutgers University)
Jason G. Cummins (New York University)

� WORKING PAPER 97-5
Tax-exempts and Corporate Capital Structure
Thomas A. Wilson and Steve Murphy (University of Toronto)

� WORKING PAPER 97-6
A Critical Review of the Empirical Research on Canadian Tax Compliance
Brian Erard (Carleton University)

� WORKING PAPER 97-7
The Incidence of the Corporate Tax Revisited
John Whalley (Universities of Western Ontario and Warwick, and NBER)

� WORKING PAPER 97-8
Efficiency Considerations in Business Tax Reform
John Whalley (Universities of Western Ontario and Warwick, and NBER)

� WORKING PAPER 97-9
Tax-exempt Organizations and the Financing of Taxable Businesses
Thomas E. McDonnell (The McDonnell Consulting Corporation, Toronto)

� WORKING PAPER 97-10
Tax-exempts and Corporate Capital Structure:
An Analysis of Efficiency and Revenue Implications
James Pesando, Michael Smart and Thomas A. Wilson (University of Toronto)
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Technical Committee on Business Taxation
Research Studies (Cont’d)

� WORKING PAPER 97-11
Business Taxation of SMEs in Canada
Kenneth Hendricks, Raphael Amit, and Diana Whistler (University of British Columbia)

� WORKING PAPER 97-12
The Income Tax Compliance Burden on Small and Medium-sized Canadian Businesses
Brian Erard (Carleton University)

� WORKING PAPER 97-13
Effects of the Treatment of Tax Losses on the Efficiency of Markets
and the Incidence of Mergers
Michel Poitevin (Université de Montréal)

� WORKING PAPER 97-14
Tax Reforms, Debt Shifting and Tax Revenues: Multinational Corporations in Canada
Vijay Jog (Carleton University) and Jianmin Tang (Technical Committee Secretariat)

� WORKING PAPER 97-15
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