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EXECUTIVE SUMMARY

The QPRI also enables spatial and temporal moni-
toring of risks associated with pesticide use. In an
integrated pest management effort, the QPRI identi-
fies the risks associated with pesticides and promotes
the identification of solutions to reduce these risks.

QPRI-Health

This toxicological risk indicator was developed by
INSPQ. It draws on acute and chronic pesticide toxi-
city indexes and integrates their bioavailability
potential. Furthermore, it takes into account some
particularities of end-use products instead of relying
exclusively on characteristics of the active ingredients.
Thus, variables such as active ingredient concentra-
tion, formulation type, the application rate of end-use
products and application techniques are considered
in the determination of the QPRI-Health.

QPRI-Environment

This indicator of ecotoxicological risk and potential
environmental impacts was jointly developed by
MAPAQ and MDDEP. It takes into account the prop-
erties of pesticides that determine their environ-
mental fate and behavior, as well as their
ecotoxicological potential (that is, their toxic effects
on many animal and plant species).

The following parameters are considered in the deter-
mination of an environmental risk indicator:

• Impact on terrestrial invertebrates
• Impact on birds
• Impact on aquatic organisms
• Mobility
• Persistence in soil
• Bioaccumulation potential

In addition, the QPRI-Environment considers some
characteristics linked to end-use products, such as
application rate and type of crop.

The Québec Pesticide Risk Indicator, identified by the
acronym QPRI, is a diagnostic and decision-making
tool designed to optimize pesticide management. It
has a health component (QPRI-Health) and an envi-
ronment component (QPRI-Environment).

This tool was developed through a comparison of
pesticide risk indicators found in scientific literature.
The selection and definition of criteria for the indi-
cator are the result of close collaboration among

• le ministère de l’Agriculture, des Pêcheries
et de l’Alimentation (MAPAQ)

• le ministère du Développement durable,
de l’Environnement et des Parcs (MDDEP)

• l’Institut national de santé publique du Québec
(INSPQ)

Both versions (2001 and 2004) of the approach rec-
ommended by the Norwegian Minister of Agriculture
served as models for developing the QPRI, particu-
larly its environment component. The health compo-
nent had to be created from new criteria established
by INSPQ, as no comparable system existed to date in
Québec for the classification of toxicological data.

The health and environment components of the
QPRI enable us to establish a situational and pro-
gressive diagnostic of the risks of using pesticides
at different levels.

At the farmer’s level
• Facilitates the choice of the least hazardous pesticides for

human and environmental health

At the organizational or sectoral level
• Analysis of changes in risks linked to pesticides used by an

organization or in an activity sector (e.g., vegetable farm,
orchard, landscaping business, golf course)

• Consideration of risks linked to pesticides in seasonal planning
of phytosanitary initiatives and strategies to fight against
crop pests

At the provincial level
• Production of health and environmental risk trend indicators

associated with pesticide use or sales

• Evaluation and monitoring of the impact of various pesticide
risk mitigation measures 
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Acronym Meaning
A . . . . . . . . . . . . . . .Impact on aquatic organisms
B . . . . . . . . . . . . . . .Bioaccumulation
BCF  . . . . . . . . . . . .Bioaccumulation factor
C  . . . . . . . . . . . . . .Concentration of the substance in diet
CFEP  . . . . . . . . . . .Compensation factor for the end-use product
EC50  . . . . . . . . . . . .Effective concentration for 50% of an experimental population
ERI  . . . . . . . . . . . . .Environmental risk index
ERIactive ingredient-w . . .Environmental risk index of weighted active ingredient
ETE . . . . . . . . . . . . .Estimated daily intake
Fint  . . . . . . . . . . . . .Interception factor for plant cover
FIR  . . . . . . . . . . . . .Food intake rate
FPer  . . . . . . . . . . . .Persistence factor
GENEEC  . . . . . . . .Generic estimated exposure concentration
GUS  . . . . . . . . . . . .Groundwater ubiquity score
HRI  . . . . . . . . . . . .Health risk index
HRIactive ingredient-w  . .Health risk index for weighted active ingredient
K . . . . . . . . . . . . . . .Coefficient of distribution set at 2/3 for all pesticides
KOC . . . . . . . . . . . . .Organic carbon coefficient of adsorption
LC50  . . . . . . . . . . . .Lethal concentration for 50% of an experimental population
LD50  . . . . . . . . . . . .Lethal dose for 50% of an experimental population
M  . . . . . . . . . . . . . .Mobility
mavail . . . . . . . . . . . .Mass available for adsorption
mes  . . . . . . . . . . . . .Total mass of pesticides in surface water
munavail  . . . . . . . . . .Mass unavailable for adsorption
O  . . . . . . . . . . . . . .Impact on birds
P . . . . . . . . . . . . . . .Persistence in soil
PEC  . . . . . . . . . . . .Predicted environmental concentration
PestRI-E  . . . . . . . . .Pesticide risk indicator for the environment
PestRI-H  . . . . . . . .Pesticide risk indicator for health
PIECsoil . . . . . . . . . .Predicted initial environmental concentration
Pow  . . . . . . . . . . . . .Octanol-water partition coefficient
Qhc  . . . . . . . . . . . .Hazard quotient for contact exposure
Qho  . . . . . . . . . . . .Hazard quotient for oral exposure
RUD . . . . . . . . . . . .Residue unit dose
SAD  . . . . . . . . . . . .Standardized area dose
T . . . . . . . . . . . . . . .Impact on terrestrial invertebrates
Tbee  . . . . . . . . . . . . .Impact on bees
TD50  . . . . . . . . . . . .Half-life
TER  . . . . . . . . . . . .Toxicity/exposure ratio
Tew  . . . . . . . . . . . . .Impact on earthworms
TRI  . . . . . . . . . . . . .Toxicological risk index of active ingredient
WFa  . . . . . . . . . . . .Weighting factor considering application rate
WFf  . . . . . . . . . . . .Weighting factor for the type of formulation

LIST OF ACRONYMS USED
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Pesticides, by their nature, represent risks for the envi-
ronment and human health. They have multiple tox-
icological, physical, chemical and biochemical
properties for which we must limit the undesirable
effects. For this reason, it was important to develop a
tool to characterize the risks associated with pesti-
cides used in Québec and to promote the use of prod-
ucts with little impact, with a view to integrated pest
management and the reduction of risks.

A number of tools were proposed to evaluate the
potential impacts of pesticide use on health and the
environment. These tools are called pesticide risk
indicators. Each of them has its particularities and is
designed for very specific needs and uses.

Québec used many criteria in the choice of a risk indi-
cator. The indicator must

• Be simple, easy to use, credible and based on
a rational approach

• Be precise and robust
• Be dynamic and perfectible
• Be based on available, reliable and accessible 

variables
• Be successful and efficient
• Integrate data on pesticides collected at different

levels (e.g., crop, farm business, province)
• Take into account information on the toxicological

nature of the pesticide, risks of contamination of
water and soil, the effects and risks on human
health as well as on terrestrial and aquatic 
organisms, the effects and risks of spray drift, 
persistence and other environmental and health
impacts linked to provincial priorities such as those
aiming to rationalize and reduce pesticide use

• Measure the reduction of risks linked to 
agricultural pesticides used in Québec

• Contribute to the monitoring of the objectives for
the Stratégie phytosanitaire

• Help the pesticide user to make more appropriate
choices for the protection of health and the 
environment

The selection of an indicator for Québec is based on a
review of existing indicators (Duchesne et al., 2003).
Fifteen indicators were inventoried and analyzed in
three comparative studies (Day, 2002; Demers, 2001;
Reus et al., 1999). Most of these indicators were devel-

oped in European countries (Germany, Denmark,
France, Italy, Norway, Netherlands, Sweden, etc.) and
a few in the United States. Some aspects of a recent
comparative study by Devillers and his collaborators
(Devillers et al., 2005) were also considered.

After analyzing various indicators characterizing the
potential impacts of pesticides on health and the
environment, Ministère de l’Agriculture, des Pêcheries
et de l’Alimentation (MAPAQ), Ministère du Déve-
loppement durable, de l’Environnement et des Parcs
(MDDEP) and Institut national de santé publique du
Québec (INSPQ) selected the Norwegian risk indi-
cator (NAIS, 2000; NAIS, 2004) as a tool to develop a
Québec indicator. The main criteria that guided this
selection were technical feasibility, perfectibility,
availability of data and the possibility of generating
two indicators (one for human health and one for the
environment).

Finally, it is important to distinguish between “risk
assessment” and “risk indicator.” The risk assessment
is used to quantify with precision the risk for various
exposure scenarios while minimizing uncertainties
as much as possible. The risk indicator is a tool des-
tined to facilitate decision making and the establish-
ment of assessments of pesticide use in terms of risks
to health and the environment. To reach its objectives
the risk indicator does not include any specific expo-
sure scenario and does not have to incorporate all the
risk assessment parameters. It is a simplified represen-
tation of reality designed to assist decision making.
Risk assessment is a complex tool that leaves little
room for approximations and is used to establish
directions and regulations (e.g., registration). The risk
indicator should be used as a supplement of risk
assessment, as it has different objectives. Even though
it occasionally uses data arising from risk assessment,
it should not be confused with the latter.

QPRI – Health and Environment
Foreword
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NORWEGIAN RISK INDICATOR

The Norwegian risk indicator takes into account many
critical variables specific to a pesticide. It attributes a
score to these variables before integrating them into
the calculation. It is therefore an aggregate of critical
variables. The indicator produced two distinct indexes
used to monitor the evolution of risks for health and
the environment separately.

The health risk indicator proposed by Norway
allowed us to produce a health risk index (H) for each
registered pesticide in that country. When combined
with annual data on pesticide sales, this indicator
allows us to monitor the evolution of health risks. It
uses parameters relative to acute and chronic toxicity
of active ingredients and integrates the potential toxi-
city of end-use products. The data comes from “risk
phrases” indicated on the labels of pesticides com-
mercialized in Europe. A hazard factor is assigned to
these phrases that refer to potential toxic effects
observed during experiments or epidemiological
studies. The hazard index for end-use products is then
determined by summing up the factors of the dif-
ferent risk phrases. Furthermore, the index assumes
that combined or repeated use of pesticides in a
farming season is cumulative.

The environmental risk indicator proposed by
Norway also allows us to produce an environmental
risk index (E) that uses parameters relative to active
ingredients (half-life, Koc, solubility, etc.). It takes into
account the end-use products, the type of crop
(ground level crops, trees, etc.) and the use area
(greenhouses, fields, etc.). The indicator is calculated
for each active ingredient included in the end-use
products by reasserting the hypothesis that the com-
bined or repeated use of pesticides in a farming
season is cumulative. Combined with annual pesti-
cide sales data, the risk indicator enables the moni-
toring of the evolution of risk for the environment.

QUÉBEC PESTICIDE RISK INDICATOR

2.1 Nature of the QPRI

The Québec pesticide risk indicator (QPRI), like the
Norway risk indicator (NAIS, 2000; NAIS, 2004), is
based on the realistic worst case scenario, although it
hypothesizes that good management practices are
normally applied and that the combined or repeated
use of pesticides is cumulative.

With its two components, the QPRI enables us to pro-
duce a health risk indicator and an environmental
risk indicator. These indexes are tools that assist in
choosing pesticides with a lower risk level. The QPRI
also enables diagnosis through assessment of the evo-
lution of the risk of using pesticides at a treatment
and farm business level as well as province-wide

2
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At the treatment and company scale, the QPRI will
make it possible

• To choose the pesticides least hazardous to health
and the environment

• To take risks into account when planning seasonal
action strategies and pest control treatments

• To evaluate the evolution of risks linked to
pesticide use by farm businesses and organizations

At the provincial scale, the QPRI will make it possible

• To monitor the evolution of risks associated with
pesticides using data stemming from MDDEP’s
pesticide sale statements

• To ensure monitoring of the impacts of different
mitigation measures applied to farm businesses
and organizations

2.2 QPRI Structure

The first step in developing a risk indicator is to deter-
mine a specific weighted risk index for each active
ingredient considering the characteristics of end-use
products. Combined with data on pesticide use or
sales, the index becomes an indicator, the PestRI, that
analyzes the evolution of risk.

QPRI
Health – Environment

Characteristics of active ingredients 
and end-use products

Risk indexes
Health – HRI

Environment – ERI

Pesticide use 
(Treated areas – sales)

Risk indicators
PestRI

Health – PestRI-H
Environment – PestRI-E

Figure 1: QPRI structure

Section 1 of this document developed by INSPQ pres-
ents the health component parameters. The parame-
ters for the environment component, developed by
MAPAQ and MDDEP, are presented in Section 2.
Section 3 describes the methods of application of
the QPRI. 
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INTRODUCTION

The Québec pesticide risk indicator for health (QPRI-
Health), developed in Québec by Institut national de
santé publique du Québec (INSPQ), is inspired by the
Norwegian risk indicator. The QPRI-Health takes into
account the main acute and chronic toxicity criteria of
active ingredients as well as the persistence potential
in the environment and the bioaccumulation poten-
tial in the human body. Furthermore, it considers
some aspects of end-use products and application
techniques, and takes into account amounts used in
the determination of pesticide risk.

GUIDING PRINCIPLES

4.1 Sources of data

The Québec pesticide risk indicator for health (QPRI-
Health) is inspired by two different versions of the
indicator developed in Norway (NAIS, 2000 and
NAIS, 2004). The principles guiding the proposed
approach for Québec are the same as those used for
the Norwegian indicator. However, the Québec indi-
cator does not use the risk phrases used in Europe.
Verifications carried out on many pesticides show that
the risk assessment conducted from this information
does not always correspond to the estimates made
according to North American risk evaluation princi-
ples. Furthermore, it is difficult to find a reliable data
set for risk phrases. The consultation of many refer-
ence works shows that the proposed risk phrases for a
given end-use product can vary according to the
source of information. In such a context, it was agreed
that the Québec indicator should be compatible with
the toxicological database developed by INSPQ’s
Centre de toxicologie du Québec. This database inte-
grates the most up-to-date toxicity criteria proposed
by the following assessment agencies: Health Canada's
Pest Management Regulatory Agency (PMRA), the

4
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Environmental Protection Agency (EPA, United States),
the European Commission (EC) and the World Health
Organization (WHO) – see Appendix I.

4.2 Independent quantification 
of toxicity indicators

Some pesticides can be acutely toxic without pre-
senting any chronic risk, and vice versa. A multitude
of combinations are therefore possible to categorize a
pesticide’s risk. If we take this reality into account,
and because short and long term risks can be equally
significant, it is necessary to select an approach that
reflects these two levels of potential effects. To this
end, the Québec indicator takes an approach more in
line with the first version of the Norwegian indicator
(NAIS, 2000).

4.3 Gradation of effects

The gradation system of the risk indicator must neces-
sarily take into account different levels of severity for
a single effect. Thus, the assigned score considers the
level of severity and the weight of the scientific proof
regarding this effect. In this context, particular atten-
tion is given to the validity of protocols that were used
to determine toxicity criteria.

4.4 End-use product characteristics

Risk can be defined by a simple equation: the intrinsic
toxicity of a product times the level of exposure to this
product. Thus, the risk attributable to the end-use
product is not necessarily equal to that of the undi-
luted active ingredient. The level of risk always varies
as a function of the level of exposure. For example, the
formulation type, the concentration of the active
ingredient in the end-use product and the application
rate can influence the level of exposure for users.
Therefore, the proposed indicator will enable the
adjustment of the value of intrinsic toxicity of the

1 QPRI – Health
Calculation of the health risk index
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active ingredient (toxicological risk index) based on
characteristics specific to each end-use product.

PARAMETERS OF THE HEALTH RISK INDEX

The QPRI-Health calculates a health risk index (HRI).
This index represents the potential risk of an active
ingredient contained in a given end-use product
according to its use. An active ingredient therefore does
not necessarily have the same HRI from one end-use
product to another.

5.1 Toxicological risk index of active
ingredients (TRI)

The toxicological risk index of active ingredients (TRI)
is determined by summing together the scores
assigned according to the different criteria retained
for acute and chronic toxicity (tables 1 and 2). The
sum of chronic risks is then multiplied by a factor
linked with persistence (FPer) and the potential for
bioaccumulation in humans. It provides a toxicolog-
ical risk index that also takes into account bio-
availability. Indeed, a substance that persists in the
environment or in the human body can have greater
bioavailability than a substance that is rapidly elimi-
nated from these matrices. Therefore, this may lead to
a higher probability of affecting some cellular mecha-
nisms potentially involved in the development of
long term toxic effects (Valcke et al., 2005).

The toxicological risk index for active ingredients is
defined according to the following formula:

TRI  � �� acute risks �
(� chronic risks � FPer)�2

To obtain a wide distribution of values and put
emphasis on pesticides presenting a greater risk, the
sum of the variables is squared.

5

Tables 1 and 2 present the different criteria for acute
and chronic toxicity and the scores assigned according
to the level of severity of the documented effect. The
justification of scores assigned for each toxicity crite-
rion is presented in Appendix II. The factor linked to
persistence and bioaccumulation (FPer) is attributed
according to the criteria presented in Table 3.

5.2 Adjustment according to 
end-use product characteristics 

5.2.1 Weighting factor for the type
of formulation

During the preparation and application of pesticides,
exposure is normally modulated by the amount of
active ingredients in the end-use product, by the
degree of dilution and by type of formulation. This
last factor is of major importance in regards to expo-
sure. The World Health Organization in fact identifies
type of formulation as one of the main variables in
the modulation of pesticide toxicity in its pesticide
classification system (ICPS, 2005). According to their
type of formulation, products can be divided into two
groups: those with a low risk of exposure and those
with a high risk of exposure. Table 4 presents the
weighting factor selected according to the type of for-
mulation of the end-use product (WFf).

5.2.2 Weighting factor for the application rate
and the amount of active ingredient in
end-use products (WFa)

The application rate and the amount of active ingre-
dient in end-use products represent important ele-
ments in the modulation of level of exposure to risk.
It is therefore proposed to introduce a weighting
factor that takes into account these variables in the
calculation of risk for an end-use product. As pre-
sented in the following table, this factor (WFa) is
determined based on the standardized area dose

Table 1: Acute toxicity criteria of active ingredients

Severity of the effects

Acute toxicity Weighting points
8 4 2 1 0

Indicator values

LD50 oral (mg/kg) � 50 � 50-300 � 300-2000 � 2000

LD50 dermal (mg/kg) � 200 � 200-1000 � 1000-2000 � 2000

LC50 inhalation (mg/l) � 0.5 � 0.5-1 � 1-5 � 5

Dermal irritation Severe to extreme irritant Moderate irritant Slight irritant Little or no irritant

Ocular irritation Severe to extreme irritant Moderate irritant Slight irritant Little or no irritant

Sensitization Yes Potential No

4 Section 1 – QPRI – Health Calculation of the health risk index
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Table 2: Chronic toxicity criteria of active ingredients

Severity of the effects
Chronic Weighting points
toxicity 16 8 4 2 1 0

Indicator values
Carcinogenicity Human Probable Possible Data inadequate Not likely to be 

carcinogen human human for assessment carcinogen to 
carcinogen carcinogen of human humans

carcinogenic 
potential

Genotoxicity Genotoxic for  Potential No or No evidence of 
humans genotoxicity for inadequate data human 

humans genotoxicity

Endocrine Evidence of  Potential No or No evidence of 
disruption endocrine  endocrine inadequate data endocrine 

disruption disruption disruption

Reproductive Confirmed human Suspected Confirmed Suspected No or No effects
effects effects human effects animal effects animal effects inadequate data

Développement Confirmed human Suspected Confirmed Suspected No or No effects
effects human effects animal effects animal effects inadequate data

Table 3: Weighting factor for environmental persistence and bioaccumulation potential in humans
(adapted from Valcke et al., 2005)

Classification of environmental persistence and bioaccumulation potential FPer
Soil half-life � 60 days or BCF* � 1000 3.0

Soil half-life � 30–60 days or 100 � BCF < 1000 2.5

Soil half-life � 15–30 days or BCF 	 100 2.0

No data for the criteria 1.5

Soil half-life 	 15 days and no bioaccumulation or BCF data 1.0

Source: Van Gestel et al., 1985.

* BCF � 10log BCF where log BCF � (0.79 � log Poe) 
 0.4
BCF � Bioaccumulation factor
Pow � Octanol-water partition coefficient

Table 4: Weighting factor for the type of formulation

Weighting factor for the type of formulation (WFf)*
Scores assigned according to risk of exposure

Low � 1 High � 2
• Tablet (TA)
• Slow-release generator (SR)
• Granular (GR)
• Water-dispersible granules (WD)
• Wettable granules (WG)
• Soluble granules (SG)
• Live organism (LO)
• Particulate (PT)
• Pellet (PE)
• Paste (PA)
• Dry flowable (DF)
• Solid (SO)
• Microcapsule suspension (MS)
• Impregnated fabric (IF)

* Hydro soluble formulations in packets (HF) will be assigned 1 point as their presentation attenuates the level of risk. Formulations,
liquid or solid, that are released in gas form (GAS) will receive 2 points.

• Emulsifiable concentrate or emulsion (EC)
• Liquid (L or LI)
• Dust or powder (DU)
• Wettable powder (WP)
• Soluble powder (SP)
• Pressurized product (PP)
• Solution (SN)
• Suspension (SU)
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(SAD) and allows us to compare products with each
other on a uniform basis. This last point is all the more
important as labels from different end-use products
with a common active ingredient do not necessarily
have the same prescription for application rates.

Table 5: WFa value according to the SAD

SAD (g or ml a.i./ha) WFa

� 100 0.5

� 100-1000 1

� 1000-2000 1.5

� 2000 2

The standardized area dose (SAD) is determined for
each active ingredient based on the labeling of the
end-use product. At the enterprise scale (e.g., farm
business), the SAD is by default the maximum rate for
an end-use product in a given crop. At the provincial
scale, the SAD is the maximum registered application
rate providing the highest HRI for reference crops.
The SAD is expressed in ml/ha or g/ha (Appendix VI).

CALCULATION OF THE
HEALTH RISK INDEX (HRI)

6.1 General equation

The HRI for a weighted active ingredient (HRIactive 

ingredient-w) is calculated by multiplying the toxicolog-
ical risk index (TRI) by the appropriate weighting fac-
tors: the formulation (WFf), the application rate and
the amount of active ingredient in the end-use
product (WFa). As the value obtained can be very
high for some active ingredients with a high toxico-
logical risk index, the result is divided by 10 to obtain
an HRI with an acceptable order of magnitude.

HRIactive ingredient-w � TRI � WFf � WFa
10

The HRIactive ingredient-w corresponds to the risk index of
an active ingredient contained in a given end-use
product for one treated hectare. It is also possible to
present the index by mass unit by dividing this index
by the application rate (SAD) that was used in the cal-
culation. This index (HRI / SAD) represents the risk
associated with the use of one kilogram of active
ingredient.

Theoretically, the HRI for an active ingredient could
be between 1.25 and 23 040. In practice, the HRI
values are between 1.25 and 1560.

6

6.2 Calculation of the HRI 
for an end-use product

The HRI for end-use products must be calculated con-
sidering all weighted active ingredients present in the
end-use product (See Example 1, Appendix VII).

HRIend-use product � � HRIactive ingredient-w

However, it is important to note that the sum of
HRIactive ingredient-w of an end-use product assumes an
aggregate of risk, which is not necessarily the case.
Considering all risks for all active ingredients present
in the end-use product helps us avoid underesti-
mating an effect specific to an active ingredient in par-
ticular. This is a conservative approach to estimate
potential risks.

The HRI mainly takes into consideration the toxico-
logical characteristics of active ingredients and
some other properties linked to an end-use
product. With health protection in mind, this indi-
cator allows us to compare pesticides in order to be
able to make informed choices. For example, it can
be used to determine use scenarios towards this
objective and facilitate the selection of pesticides
that are least harmful for health.

� APPLICATION MODES OF THE QPRI-HEALTH

Section 3 presents application modes for different
scenarios of the QPRI-Health.
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INTRODUCTION

The pesticide risk indicator for the environment
(QPRI-Environment), developed by the MAPAQ-
MDDEP working group, was adapted from two 
versions of the Norwegian risk indicator. The QPRI-
Environment takes into consideration the physico-
chemical properties and ecotoxicological indicators
of active ingredients as well as some characteristics
associated with end-use products.

GUIDING PRINCIPLES

The QPRI-Environment takes into account various
parameters linked to some properties of active ingre-
dients, characteristics of end-use products, their area
of use as well as type of crop. In fact, in addition to
ecotoxicological parameters, the QPRI-Environment
considers in the calculation of the environmental risk
index the interception factor during pesticide applica-
tion as well as leaching and runoff potential, etc.

8.1 Active ingredient parameters

The active ingredient parameters relate to the fol-
lowing physicochemical properties and ecotoxicolog-
ical indicators. The selection of this data is described
in Appendix III.

Physicochemical and environmental 
fate properties

• Aerobic soil half-life, DT50 (day)
• Aerobic water half-life DT50 at a pH � 6–7 and a

temperature of 20–25ºC (day)
• Organic carbon adsorption coefficient, Koc (ml/g)
• Water solubility (mg/l or ppm) with a pH � 6–7

and a temperature � 20–25ºC
• Octanol-water partition coefficient, log Pow

8
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Ecotoxicological indicators

• LC50 for earthworms (mg/kg of soil)
• LD50 oral or contact for bees (�g/bee)
• LD50 (mg/kg) for birds (mallard duck or bobwhite

quail)
• LC50 (�g/l) for fish (rainbow trout)
• LC50 or EC50 (�g/l) for aquatic invertebrate
• EC50 (�g/l) for algae (green algae)
• EC50 (�g/l) for vascular plants (duckweed)

8.2 End-use product parameters 
and areas of use

• A standardized area dose (SAD) is determined for
each active ingredient from the end-use product’s
label. At an enterprise scale (e.g., farm business),
the SAD is by default the maximum application rate
for an end-use product in a given crop. At the
provincial scale, the SAD is the maximum registered
rate giving the highest ERI for a reference crop. The
SAD is expressed in ml/ha or g/ha (Appendix VI).

• The quantity of active ingredient either applied or
sold is considered at the enterprise and provincial
scale.

• The types of crops on which pesticides are applied
are low crops, bushes and fruit trees (Table 6).

2 QPRI – Environment
Calculation of the
environmental risk index
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Section produced by MAPAQ (Marie-Hélène April) and MDDEP (Sylvain Dion)
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PARAMETERS OF THE ENVIRONMENTAL
RISK INDEX (ERI)

The QPRI-Environment calculates a risk index for the
environment (ERI). This index represents the poten-
tial risk of an active ingredient composing an end-use
product considering its use. An active ingredient thus
does not necessarily have the same ERI from one end-
use product to another. Equally, according to type of
use (e.g., targeted crop) the ERI of an active ingredient
for the same end-use product may vary. The organ-
isms selected for the calculation of the index are those
regularly used as sentry species for ecotoxicological
risk assessments.

The ERI stems from six variables:

T Impact on terrestrial 
invertebrates

Ecotoxicological O Impact on birds
A Impact on aquatic

organisms

M Mobility
Physicochemical P Persistence in soil

B Bioaccumulation

9.1 Impact on terrestrial invertebrates (T)

The impact on terrestrial invertebrates is represented
by the T variable in the calculation of the ERI for an
active ingredient. The terrestrial invertebrates selected
are earthworms and bees. The score given to the
T variable is therefore equal to the higher of the
two variables, i.e., Tew (impact on earthworms) or Tbee

(impact on bees).

9
9.1.1 Impact on earthworms (Tew)

The score for the Tew variable is determined from a
toxicity/exposure ratio (TER).

TER � Toxicity / PIECsoil

where
Toxicity � 14 day exposure LC50 for earthworms
PIECsoil � Predicted initial environmental

concentration

The PIECsoil is determined using the following equa-
tion (FOCUS 1997):

PIECsoil � SAD � (1 
 fint) /
(100 � depth � density)

where
SAD � Standardized area dose 

(ml/ha or g/ha)
fint � Interception factor for plant cover
Depth � Depth of penetration of the pesticide

into the soil (default value of 5 cm)
Density � Soil density (default value 

of 1.2 g/cm3)

The interception factor of crops influences the
amount of pesticide found in the soil. This factor is
modulated by type of crop and density of vegetation.
A lower ground cover density is considered for herbi-
cides, as plant growth generally starts at the stage of
this type of treatment. When using insecticides, fungi-
cides and growth regulators, a higher ground cover
density is assumed because of the level of growth nor-
mally attained by plants. Soil fumigants are generally
used on bare ground, without interception. The
values of the interception factors are presented in
Table 6.

�
�

Table 6: Interception factor (fint) of the crop according to type of pesticide

Interception factor
Type of crop Herbicide Insecticide/fungicide Growth regulator Soil fumigant

Low level field crop (� 50 cm) 0.10 0.5 0.5 0

Bush (� 50-200 cm) 0.20 0.5 0.5 0

Fruit tree (� 200 cm) 0.25 0.4 0.4 0

Examples: – Low-level field crop: carrot, strawberry, wheat
– Bush: raspberry, blueberry corymbs
– Fruit tree: apple, plum
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The score attributed to the Tew variable is determined
according to Table 7. A limit of 100 was established by
the European and Mediterranean Plant Protection
Organization (EPPO, 2003) and a limit of 10 by the
European Commission (EC, 1994).

Table 7: Value of Tew according to
toxicity/exposure ratio based 
on a 14 day exposure LC50

TER Tew

� 100 0

� 10-100 2

� 10 4

Sources: NAIS, 2000; NAIS, 2004.

9.1.2 Impact on bees (Tbee)

The Tbee score is based on hazard quotients for oral
exposure (Qho) or contact exposure (Qhc) for bees
(EC, 1994):

Qho or Qhc � SAD / Toxicity
where
SAD � Standardized area dose (ml/ha or g/ha)
Toxicity � Oral or contact LD50 (�g/bee)

Table 8 presents the distribution of scores according
to quotient intervals. Adverse effects on bees are con-
sidered negligible when under 50 (EC, 1994).

Table 8: Value of Tbee according to oral exposure
(Qho) or contact exposure (Qhc)
quotient for bees

Qho or Qhc Tbee

	 50 0

� 50-1000 2

� 1000 4

Sources: NAIS, 2000; NAIS, 2004.

9.2 Impact on birds (O)

The potential impact on birds is determined by using
an acute toxicity criterion (LD50) for the mallard duck
and, if need be, the bobwhite quail. These two sentry
species present in Québec are the most cited in litera-
ture. The O variable is determined by a toxicity/expo-
sure ratio (TER).

TER � Toxicity / ETE
where
Toxicity � LD50 (mg/kg of body weight) of the 

mallard duck or the bobwhite quail
ETE � Estimated daily intake (mg/kg 

of body weight)

The European guide for the evaluation of risks for
birds and mammals (EC, 2002) takes a multilevel
approach to evaluate risk. The QPRI-Environment
uses the first tier, defined as a realistic worst case sce-
nario approach, to quantify the exposure of herbivo-
rous birds. Appendix IV details the calculation of
exposure.

Table 9 presents the distribution of points according
to the TER (EC, 1994).

Table 9: Value of O according to toxicity/exposure
ratio for birds

TER O

� 10 0

� 5-10 1

� 1-5 2

� 0.1-1 3

� 0.1 4

Sources: NAIS, 2000; NAIS, 2004.

9.3 Impact on aquatic organisms (A)

Pesticides can contaminate surface water, mainly by
spray drift, surface runoff or runoff into drainage sys-
tems. The European Union Working Group (FOCUS,
2002) recommends a multilevel method of calcula-
tion to determine pesticide concentration in surface
water. The first tier of calculation, “Step 1,” judged to
be too conservative by the MAPAQ-MDDEP working
group, combines spray drift, surface runoff and runoff
into drainage systems on the day of application (Day
0). The second tier, the one selected by the working
group, evaluates the concentration due to spray drift
and runoff as a series of individual events; the con-
centration due to spray drift is calculated immediately
after application and the concentration due to runoff
is calculated 4 days after application. The details of
the parameters linked to spray drift, surface runoff
and runoff into drainage systems are presented in
Appendix V.
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The impact on aquatic organisms is represented by
the A variable in the calculation of the ERI of an active
ingredient. The toxicity/exposure ratio (TER) deter-
mines the score assigned to this variable.

TER � Toxicity / PECmax

where
Toxicity � LC50 or EC50 for algae, aquatic plants,

aquatic invertebrate or fish
PECmax � Maximum predicted environmental

concentration observed after 4 days.

The method of calculating the PECmax is explained in a
document from the EC working group (FOCUS, 2002).

The score assigned to variable A (Table 10) was estab-
lished based on limit values (EC, 2002). The TER is
calculated for fish and aquatic invertebrate as well as
algae and aquatic plants using the PECmax. The ratio
with the smallest value is used to determine the score
for A. Thus, the indicator can generate a result for this
variable, notwithstanding the absence of values for
one or more aquatic species mentioned above.

Table 10: Value of A according to toxicity/exposure
ratio for aquatic organisms

TER for fish and aquatic TER for algae and 
invertebrates aquatic plants

A

� 100 � 10 0

� 10-100 � 1-10 1

� 1-10 � 0.1-1 2

� 0.1-1 � 0.01-0.1 3

� 0.1 � 0.01 4

Sources: NAIS, 2000; NAIS, 2004.

9.4 Mobility (M)

The mobility of an active ingredient is represented by
the M variable in the calculation of the ERI for an
active ingredient and is determined based on its
leaching potential. The GUS index (groundwater
ubiquity score; Gustavson, 1989) is used to estimate
the potential of a pesticide to contaminate ground-
water by leaching and surface water by infiltration via
drainage systems. The GUS is based on two active
ingredient properties: organic carbon adsorption

coefficient (Koc) and aerobic soil half-life (TD50).
These properties are used in the following equation: 

GUS � log (TD50) � (4 
 log(Koc))

The GUS index is interpreted as follows:

GUS 	 1.8 Low leaching potential
GUS � 1.8-2.8 Moderate leaching potential
GUS � 2.8 High leaching potential

The application rate is put into relation with the GUS
index in order to determine a potential risk of con-
tamination by leaching or infiltration of drainage
systems. Table 11 presents scores for the M variable
according to the GUS index and the standardized area
dose (SAD). 

Table 11: Value of M according to the GUS index
and application rate

SAD (g or ml a.i./ha)
GUS 	 100 � 100-1000 � 1000-2000 � 2000

	 1.8 0 0 0 0

� 1.8-2.8 1.25 1.5 1.75 2

� 2.8 2.5 3 3.5 4

Source: NAIS, 2000.

9.5 Persistence in soil (P)

Persistence in soil is represented by P in the calcula-
tion of the ERI of an active ingredient. Aerobic soil
half-life in aerobic conditions (TD50) and the stan-
dardized area dose (SAD) are used to determine the
value of P. Table 12 presents scores for the P variable.

Table 12: Value of P according to half-life and
application rate

TD50 SAD (g or ml a.i./ha)
(days) 	 100 � 100-1000 � 1000-2000 � 2000

	 10 0 0 0 0

� 10-30 0 0 0.5 1

� 30-60 0.5 1 1.5 2

� 60-90 1.5 2 2.5 3

� 90-180 2.5 3 3.5 4

� 180 4 4 4 4

Sources: NAIS, 2000; NAIS, 2004.
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9.6 Bioaccumulation (B)

The bioaccumulation potential is represented by the
B variable in the calculation of the ERI of a weighted
active ingredient. Aerobic soil half-life (TD50) and the
logarithm for the octanol-water partition coefficient
(log Pow) are used to determine the score given to B
(Table 13).

Table 13: Value of B according to soil half-life
and log Pow

TD50 Octanol-water partition coefficient 
(days) (log Pow)

	 3 3-4 � 4

	 10 0 0 1

� 10-90 0 0 2

� 90-180 0 1 3

� 180 0 2 4

Sources: NAIS, 2000; NAIS, 2004.

CALCULATION OF THE ENVIRONMENTAL
RISK INDEX (ERI)

10.1 General equation

The aggregate variables presented previously corre-
spond to the risk index of active ingredients con-
tained in a given end-use product for one treated
hectare (ERIactive ingredient-w). To obtain a greater distri-
bution of values and to bring to the fore pesticides
with a greater risk, the sum of variables is squared; the
maximum rating possible of 31 then becomes 961. A
larger scale allows us to better differentiate the risk of
one pesticide compared to another.

A greater weight is given to variables of terrestrial
impact. Terrestrial organisms are the most directly
affected by the application of pesticides that initially
affect their milieu. The T and O variables are therefore
multiplied by 1.75. This multiplicative value was
chosen to carry the proportion of variables relative to
ecotoxicological impacts (T, O and A) to 60% of the
ERI equation. The variables related to environmental
fate (M, P and B) therefore compose 40% of this
equation. The general equation is as follows: 

ERIactive ingredient-w �

�1.75 � (T � O) � A � M � P � B � 1�2

10

10.2 Specific cases

Specific cases concern the uses or occupational sectors
described below:

Treated seeds

Considering the little information presently available
on toxicity to bees of active ingredients used to treat
seeds, the Tbee variable is not considered in the calcu-
lation of the ERI for this type of use.

ERIactive ingredient-w �

�1.75 � (Tew � O) � A � M � P � B � 1�2

Pesticides used in greenhouses

Because of the particular environment in greenhouses,
the active ingredients used have a limited impact on
terrestrial invertebrates, birds, aquatic organisms and
bioaccumulation. However, considering the potential
discharge of contaminated greenhouse water, two
variables relative to environmental fate—mobility
and persistence—are considered in the calculation of
the ERI.

ERIactive ingredient-w � �M � P � 1�2

Pesticides used in warehouses and 
microbial pesticides

In light of actual knowledge and because of the areas
of use as well as the properties of microbial pesticides
with a weak known impact, a score of 1 is given to
these products.

Pesticides used 
in warehouses: ERIactive ingredient-w � 1

Microbial pesticides: ERIactive ingredient-w � 1

The ERIactive ingredient-w corresponds to the risk index for
an active ingredient contained in a given end-use
product for a treated hectare. It is also possible to
present the indexes by mass unit by dividing by the
standardized area dose (SAD) that was used in the
calculation. This index (ERI / SAD) represents the risk
linked to the use of one kilogram of active ingredient.
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10.3 ERI calculation for 
an end-use product

The ERI for end-use products must be calculated con-
sidering all weighted active ingredients included in
this product (Example 1, Appendix VII).

ERIend-use product � � ERIactive ingredient-w

However, it is important to note that the summation
of the ERIactive ingredient-w of an end-use product presup-
poses a summation of risks, which is not necessarily
the case. Considering all risks for all active ingredients
present in the end-use product allows us, however, to
avoid underestimating an effect specific to an active
ingredient in particular. It is thus a conservative
approach to estimating potential risks.

The ERI mainly takes into consideration ecotoxico-
logical characteristics and physicochemical proper-
ties of active ingredients, as well as some other
characteristics linked to end-use products and
crops. This indicator allows us to compare pesti-
cides with each other in order to be able to make
informed decisions to protect the environment. For
example, it can be used to determine use scenarios
that allow us to attain this objective and thus facil-
itate the choice of the least hazardous pesticides for
the environment.

�MODES OF APPLICATION OF THE

QPRI-ENVIRONMENT

Section 3 presents the modes of application for dif-
ferent scenarios of the QPRI-Environment.
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INTRODUCTION

The HRI and ERI indexes give us an appreciation of
the potential risk for health and the environment for
an active ingredient in an end-use product consid-
ering its use. They allow us to compare active ingredi-
ents or a combination of active ingredients in order to
be able to make informed choices for treatments with
a view to protecting health and the environment.
Thus, the user can better focus pest management
activities, for example by comparing different scenarios
to better take into account the global risk of a treatment.

The HRI and ERI are not calculated using the same
variables, and their weighting is not equivalent.
These indexes can therefore not be compared to
each other for the same weighted active ingredient.
Each index only allows us to compare an active
ingredient or a combination of active ingredients
on the basis of health effects, independently of
effects on the environment.

11 THE APPLICATION OF HRI AND ERI
IN THE CHOICE OF TREATMENTS

12.1 HRItreatment

On a treatment scale, risk of exposure is influenced by
many factors, such as the surface treated and espe-
cially the method and area of application. On a busi-
ness scale, the information required to integrate an
adjustment factor taking into account the technique
or area of application (WFa) is easily accessible.
When the technique and/or area of application are
known, an adjusted index may advantageously be
used in place of the HRIend-use product. Three levels of
risk are therefore considered (Table 14). A high risk is
attributed to the use of an air blast sprayer for high
level targets (orchards), while a low risk is considered
when the target is at is low level (market gardening
and large crops) or when a sprayer with an anti-drift
system is used. The risk is also qualified as low when
a horizontal boom spray unit is used. For all incorpo-
ration, the risk is qualified as very low because of the
lower level of exposure expected. Furthermore, the use
of previously treated seed is considered as a lower

12
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Table 14: Weighting factor associated with application technique

Weighting factor according to technique and/or place of application (WFa)
Score

1 1.5 2

• Use of pretreated seed

• Incorporation

• Horizontal boom spray unit 

• Air blast sprayer with ground
directed spray

• Sprayer with anti-drift system

• Air blast sprayer with high position
directed spray

• Treatment of seed in a closed area

• Treatment in a closed area

Section developed by MAPAQ (Marie-Hélène April), MDDEP (Sylvain Dion) and
INSPQ (Onil Samuel and Louis St-Laurent)
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exposure risk than the treatment of seed in a closed
area. In addition, the use of pesticides in a closed
space (such as a greenhouse or a warehouse) is con-
sidered as high level exposure, regardless of the appli-
cation technique.

The results from the multiplication of HRI and the
weighting factor for the technique and/or place of
application (WFa) translates into an adjusted health
risk index (HRIadjusted) of the end-use product for a
given treatment for one treated hectare (Example 2,
Appendix VII). 

HRIadjusted � HRIend-use product � WFa

In order to calculate a risk index for health associated
with a treatment (HRItreatment), the HRIadjusted of all
end-use products used during treatment are added
(Example 3, Appendix VII).

HRIadjusted � HRIadjusted

12.2 ERItreatment

In order to calculate an environmental risk index
associated with a treatment (ERItreatment), the ERI of
all end-use products applied for the treatment are
added (examples 3 and 4, Appendix VII).

ERItreatment � ERIend-use product

APPLICATION OF THE QUÉBEC PESTICIDE
RISK INDICATOR TO ASSESS AND ANALYZE
THE EVOLUTION OF RISK (PestRI)

While indexes (HRI and ERI) facilitate the selection
of lower risk pesticides for health and for the envi-
ronment, risk indicators (PestRI-H and PestRI-E),
combined with use or sale data allow us to analyze
the evolution of risks associated with pesticides at
different levels.

When they are put into relation with use or sale data,
HRI and ERI allow us to obtain indicators for moni-
toring the evolution of risk for health (PestRI-H) and
the environment (PestRI-E). These risk monitoring
indicators serve as a tool for analysis of the evolution
of risks associated with pesticides used by a farm busi-
ness, a group of farmers or any other organization
with data on use or sales of pesticides. By attributing
a value to each active ingredient that reflects the risk
for health (H) and the environment (E), the use or sale
data are thus modulated according to the potential
risk that pesticide use represents. It is thus possible to
conduct assessments of health and environmental
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risks at the scale of a business (vegetable farm, orchard,
golf course, etc.) and at the provincial scale by sector
of use (e.g., agricultural production, maintenance of
green spaces), by type (e.g., insecticides, herbicides)
and by pesticide chemical group.

13.1 Calculation of the indicators
(PestRI-H and PestRI-E) 
according to type of data

All equations that follow concern health as well as
environment components. In order to streamline the
text, only examples of equations for health are pre-
sented. To obtain the formula for the environment,
simply replace HRI with ERI and –H with –E.

13.1.1 Data on pesticide use

The multiplication of HRItreatment by the area in
hectares on which the treatment was applied allows us
to obtain PestRI-Htreatment (Example 5, Appendix VII).

PestRI-Htreatment �
HRItreatment � treated area (ha)

The summation of health indicators linked to specific
treatments used by a farm business allows us to obtain
a health indicator for pesticides used throughout the
farm business (PestRI-Hfarm business).

PestRI-Hfarm business � PestRI-Htreatment

In order to obtain the health indicators linked to a
group of growers, for example, we simply add the
indicators from all farm businesses in the group
(PestRI-Hgroup).

PestRI-Hgroup � PestRI-Hfarm business

13.1.2 Data on pesticide sales

The calculations of risk indicators differ according to
whether the data available concern sales or use of pes-
ticides. Québec does not have specific data on areas of
use for these products but does have data on end-use
product sales.

NOTE – This information on sales does not corre-
spond to data on pesticide sales , but is rather an indi-
cator of use. Furthermore, most pesticides have more
than one registered use. However, the following basic
premise is used to estimate use based on sales data:
the total amount of a pesticide sold during the year is
completely used during that period according to the
standardized area dose (SAD) giving us the highest
HRI and ERI for the reference crop. The reference crop

i

�
l

i

�
l



Québec Pesticide Risk Indicator – QPRI – Health and Environment 15

for a pesticide is determined from the decision-
making diagram in Appendix VI. It is important to
note that this reference crop will also determine the
height and place of application in the calculation of
the ERI. The areas treated with an active ingredient
contained in a given end-use product are therefore
estimated using the following equation:

Areas (ha) �
Sales (kg a.i.)

SAD (kg a.i./ha)

Multiplication of the HRIactive ingredient-w by the area in
hectares over which the active ingredient is applied
gives us the PestRI-Hactive ingredient-w

PestRI-Hactive ingredient-w �
HRIactive ingredient-w � area (ha)

By using the equation applied to estimate areas from
sales and the SAD, the equation of PestRI-H is the 
following:

PestRI-Hactive ingredient-w �

HRIactive ingredient-w �
Sales (kg a.i.)

SAD (kg a.i./ha)

The PestRI-Hactive ingredient-w is thus the health risk indi-
cator of an active ingredient contained in an end-use
product for a given year at a provincial scale. This
equation also shows that dividing the HRIactive ingredient-w

by the SAD gives an indexed value for one kilogram of
active ingredient (HRI / SAD). In order to obtain the
indicator for monitoring the health risk for Québec
for all active ingredients of all end-use products sold
during a given year, all PestRI-Hactive ingredient-w are added
according to the following equation (Example 7,
Appendix VII): 

PestRI-HQuébec � PestRI-Hactive ingredient-w

ELEMENTS OF RISK COMPARISON

All equations that follow concern the health as well as
the environment components. In order to streamline
the text, only examples of equations for health are
presented. To obtain the formulas for the environ-
ment, simply replace –H with –E.
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14.1 One hectare basis

In order to obtain a comparative basis, it is justified to
translate the pressure on health and the environment
exerted by pesticides without considering area. It is
then important to be able to compare the annual vari-
ations of risk indicators on a comparative basis, thus
for one hectare. The PestRI-H/ha is obtained by
dividing the PestRI-H by the total area cultivated
(examples 6 and 8, Appendix VII).

PestRI-H/ha �
PestRI-H

Cultivated areas (ha)

14.2 One kilogram basis

This indicator represents an average indexed value per
kilogram that is modulated by the total amount of
active ingredients used or sold according to the case.
It can be used to compare annual variations on the
basis of one kilogram. Contrary to risk indicators per
hectare, these indicators can be determined for all
types of pesticide groupings (by type of pesticide,
chemical group) identified in the pesticide sale state-
ments produced by Ministère du Développement
durable, de l’Environnement et des Parcs (Gorse
2005). The PestRI-H/kg is obtained by dividing the
PestRI-H indicator by the total amount of active
ingredient used or sold (Example 9, Appendix VII).

PestRI-H/kg �
PestRI-H

Total amount (kg a.i.)

SYNTHESIS OF INDEXES AND INDICATORS

The following table summarizes the entire set of
indexes and indicators presented in the previous 
sections.

15
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Table 15: Definitions of the indices and indicators of the QPRI

Index and 
indicator Definition Application Calculation

HRI

ERI

HRI/SAD

PestRI-H

PestRI-E

PestRI-H/ha

PestRI-E/ha

PestRI-H/kg

PestRI-E/kg

Health risk index (HRI) or
environment risk index (ERI)
represented by the use of active
ingredients on a hectare

Health risk index (HRI) or
environment risk index (ERI)
represented by the use of one
kilogram of active ingredient

Health (-H) or environment (-E) risk
monitoring indicator represented by
the use of all active ingredients used
or sold in one year

Health (-H) or environment (-E) risk
monitoring indicator represented by
the use of all active ingredients used
or sold one year in relation to the
area cultivated

Health (-H) or environment (-E) risk
monitoring indicator represented by
the use of all active ingredients used
or sold one year in relation to the
total amount used or sold

Comparison of indexes in order
to facilitate the choice of the least
hazardous treatment for health
and the environment

Use in the calculation of indicators
to monitor risk

Quantification of total risk and
monitoring of risk in one entity or on
a given territory (company, group,
province-wide)

Evolution of risk in an entity or in a
given territory taking into account
cultivated areas and comparison of
risk between entities or territories
of different cultivated areas

Evolution of risk in an entity or in
a given area in relation to the total
amount and comparison of risks
between entities or areas using
different amounts

Health component (Section 1) and
environment component (Section2)

(HRI or ERI)

SAD

� (HRI or ERI) � treated surface

� (HRI or ERI) � sales

SAD

PestRI-H or PestRI-E

Cultivated areas (ha)

PestRI-H or PestRI-E

Total amount (kg a.i.)

CONCLUSION

The QPRI developed by MAPAQ, MDDEP and INSPQ
is divided into two components: QPRI-Health and
QPRI-Environment. The indexes extracted from QPRI
indicators will serve as a decision-making tool in
order to choose pesticides representing the least risk
to health and the environment.

Thanks to the QPRI, Québec now has a risk compar-
ison tool for products presenting lower levels of risk.
This innovative tool plays an important role in an
integrated pest management effort to reduce pesticide
risks. Thus, the QPRI allows us to diagnose health and
environmental impacts by evaluating the evolution of
risk of pesticide use at different scales. Finally, it is
useful for monitoring the impact of mitigation meas-
ures over time according to pesticides used.

16
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The toxicity parameters selected for the application of
the risk indicator come from the toxicological data-
base developed by Centre de Toxicologie du Québec.
The most recent and comprehensive data were com-
piled from the following documentary sources:

• Decision-making documents: PMRA (evaluation
documents), EPA (RED, IRED, TRED, Toxicology
chapters, Human Health Risk Assessment)

• Recent monographs (WHO: ICPS INCHEM: JMPR
Pesticide Residues in Food, EHC, ATSDR)

• European decision-making documents (Europa –
European Union)

When these reference documents did not provide the
required data, other specialized or general documents
were consulted:

• Acute toxicity: WHO Classification (The WHO
Recommended Classification of Pesticides by Hazard)

• Cancer: IARC and EPA Classification list,
California EPA; European Commission
Classification

• Reproduction and development: Health Care Series
(Reprotox and Reprotext, SHEPARD’S Catalog of
Teratogenic Agents), TERIS (The Teratogen
Information System)

• General:
– Chemknowledge – Tomes Plus
– Pesticide Manual
– Extoxnet
– Agritox
– Farm Chemical Handbook
– Identification sheets

I Sources of information for
the selection of toxicity criteria

A
PP

EN
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IX
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ACUTE SYSTEMIC TOXICITY

Many classification systems for acute systemic toxicity are proposed in the scientific literature. The criteria
selected are those proposed in The Globally Harmonized System of Classification and Labeling of Chemicals (GHS)
(ILO 2005).

Table II-1: Acute systemic toxicity criteria

Acute systemic Severity of the effect
toxicity Severe to extreme toxicity Moderate toxicity Slight toxicity Little or no toxicity

Oral LD50 (mg/kg) � 50 � 50-300 � 300-2000 � 2000

Dermal LD50 (mg/kg) � 200 � 200-1000 � 1000-2000 � 2000

Inhalation LC50 (mg/l) � 0.5 � 0.5-1 � 1-5 � 5

DERMAL IRRITATION

The criteria selected for dermal irritation are those used by PMRA (Health Canada 2005) and the United States
Environmental Protection Agency (U.S. EPA 2005).

Table II-2: Dermal irritation criteria

PMRA EPA
Mean for rashes/eschars and for American classification from the

Level of dermal irritation edema for 24, 48 and 72 hour evaluations Federal Insecticide, Fungicide and 
for all animals tested (Draize scale) Rodenticide Act (FIFRA)

Severe or extreme irritant � 5.1–8.0 Corrosive (destruction of tissues)

Moderate irritant � 3.1–5.0 Severe irritation for 72 hours

Slight irritant � 1.6–3.0 Moderate irritation for 72 hours

Little or no irritant 	 1.6 Weak to slight irritation for 72 hours

2
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OCULAR DAMAGE AND IRRITATION

The criteria selected for ocular damage and irritation are those used by PMRA (Health Canada 2005) and the
United States Environmental Protection Agency (U.S. EPA 2005).

Table II-3: Criteria for ocular damage and irritation

ARLA EPA
Maximum Draize point for effects on the  

cornea, iris and conjunctiva for each  
Level of ocular damage animal. Mean for evaluations at 24, 

American classification

or irritation 48 and 72 hours. The observation 
from the Federal Insecticide, 

period for which the maximum value 
Fungicide and Rodenticide Act

is generated is compared on  
(FIFRA)

the Draize or Kay and Calandra scale.

Severe or extreme irritant � 50–110 Corrosive; corneal opacity irreversible 
after a 7 day period

Moderate irritant � 25–49 Corneal opacity reversible after 
a 3 day period or severe irritation 
after a 7 day period

Slight irritant � 15–24 No corneal opacity or reversible moderate
irritation after a 7 day period

Little or no irritant 	 15 No irritation.

CANCEROGENICITY

The principal classification systems of the carcinogenic potential of pesticides are those of the International
Agency for Research on Cancer (IARC 2004) and the United States Environmental Protection Agency (U.S. EPA
2004). As neither of them covers all active ingredients and as the classifications differ slightly and are comple-
mentary, both systems were used in order to include as many products possible. It is important to also note that
the EPA has modified its classification system twice in 20 years and that considering the significant lag in
product reevaluation, certain pesticides may still be classified based on a previous version. For this reason, all
versions are considered.

Table II-4: Carcinogenic risk classification criteria

Carcinogenic risk 1986 EPA 1996 EPA 1999 EPA IARC 
level classification classification classification classification

Human carcinogen (A) Human carcinogen Human carcinogen Group 1. Human
carcinogen

Probable human  (B) Probable human Probable human Probable human Group 2A. Probable  
carcinogen carcinogen (B1, B2) carcinogen carcinogen human carcinogen

Possible human  (C) Possible human Cannot be determined Suggestive evidence of Group 2B. Possible
carcinogen carcinogen carcinogenicity, but not human carcinogen

sufficient to assess 
human carcinogenic 
potential  

Data inadequate for an (D) Not classifiable Cannot be determined Data inadequate for an Group 3. Not classifiable
assessment of human as to human assessment of human as to human 
carcinogenic potential carcinogenicity carcinogenic potential carcinogenicity

Not likely to be  (E) Evidence of Not likely to be Not likely to be Group 4. Probably not 
carcinogenic to humans non-carcinogenicity  carcinogenic to humans carcinogenic to humans carcinogenic to humans 

for humans

4

3
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GENOTOXICTY

There is no standardized classification system for pesticide genotoxicity. In fact, organizations that conduct
assessments base their conclusions on the overall weight of evidence from experimental data. Thus, decision-
making documents do not modulate risk on a quantifiable basis, as required by the use of the QPRI-Health. In
order to be able to attribute a genotoxicity risk classification to each product, selection criteria based on the
weight of evidence are developed.

Table II-5: Genotoxicity risk classification criteria

Level of genotoxic risk Attribution criteria

Human genotoxicity • Genotoxicity activity of a product is expressed by a health effect or a hereditary mutation.
The relationship between the genotoxicity potential and the effect must be demonstrated
clearly and without ambiguity by appropriate bioassays (e.g., micronucleus, sister chromatid
exchange, DNA adducts, DNA un-programmed synthesis). 

Potential human genotoxicity • Certain in vivo tests conducted on an adequate methodological basis show clear and
unambiguous genotoxic activity on mammal cells.

No or inadequate data • All the studies needed to evaluate the genotoxicity of a product were not carried out
or the experimental protocols used were not adequate.

No human genotoxicity • A majority of experimental tests respecting methodological requirements for registration
were negative.

• The potential genotoxicity expressed in in vitro tests is not expressed in in vivo tests.

ENDOCRINE DISRUPTIONS

There is no standardized classification system for potential endocrine disruptions due to pesticides. In fact,
organizations conducting assessments base their conclusions on the overall weight of evidence from experi-
mental data and more rarely on clinical or epidemiological data. Thus, decision-making documents do not
modulate risk on a quantifiable basis, as required by the use of the QPRI-Health. In order to be able to attribute
an endocrine risk classification to each product, selection criteria based on the weight of evidence are developed.

Table II-6: Endocrine disruption risk classification criteria

Endocrine risk level Criteria

Evidence of endocrine disruption • Observation of histopathological changes in the structure of the endocrine glands in animal
models as well as structural and functional changes in many animal species. 

• Functional deficiencies or structural changes tied to endocrine disruption that can be linked
to the human endocrine system.

• Human clinical or epidemiologic evidence.

Potential endocrine disruptor • Endocrine disruption observed during experimental studies with animals and related to 
well-known endocrine effects.

No or inadequate data • All the studies needed to evaluate the endocrine disruption potential of pesticides were not
carried out or the experimental protocols used were not adequate.

No evidence of endocrine disruption • No positive tests or conclusive experiments can be linked with well-known endocrine effects
observed during experimental or epidemiological studies (e.g., embryonic development,
postnatal development and growth, reproductive performance, morphology and function
of the endocrine glands).

6
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REPRODUCTION

There is no standardized classification system for the potential risk of pesticides on reproduction. In fact, assess-
ment organizations base their conclusions on the overall weight of evidence from experimental data and more
rarely on clinical or epidemiological data. Thus, decision-making documents do not modulate risk on a quan-
tifiable basis, as required by the use of the QPRI-Health. When conclusions from reference documents are
unclear, the selection criteria based on the weight of evidence are developed in order to be able to attribute to
each product a risk classification on a quantifiable basis.

Table II-7: Reproductive risk classification criteria

Level of reproductive risk Criteria
Effect on humans confirmed • Effects on reproduction confirmed in humans (unknown no observed effect level).

• Effects on reproduction confirmed in humans (known no observed effect level).

Effect on humans suspected • Effects on reproduction suspected in humans but unconfirmed, as little clinical
or epidemiological data exist.

Effect on animals confirmed • Multiple effects on reproduction observed in animals, but absence of data on humans.
• Effects on reproduction observed in more than one animal species but absence of data

on humans.

Effect on animals suspected • A few minor effects on reproduction observed in one animal species at a nontoxic dose
for the parents, and absence of data on humans.

No or insufficient data • Absence of data.
• All studies necessary for the assessment of the risk potential for reproduction were not

carried out or the experimental protocols used were not adequate. 

No effect reported • Products known as not affecting reproduction in animals and no data on humans.
• Products known as not affecting human reproduction.

DEVELOPMENT

There is no standardized classification system for the potential risk of pesticides on development. In fact, organ-
izations that conduct assessments base their conclusions on the overall weight of evidence from experimental
data and more rarely on clinical or epidemiological data. Thus, decision-making documents do not modulate
risk on a quantifiable basis, as required by the use of the QPRI-Health. In order to be able to attribute a risk clas-
sification for development to each product, selection criteria based on the weight of evidence are developed.

Table II-8: Critères d’appréciation des risques pour le développement

Level of developmental risk Criteria
Effect on humans confirmed • Effects on development confirmed in humans (dose without unknown effects).

• Effects on development confirmed in humans (dose without known effects).

Effect on humans suspected • Effects on development suspected in humans but unconfirmed, as little clinical
or epidemiological data exist.

Effect on animals confirmed • Multiple effects on development observed in animals, but absence of human data.
• Effects on development observed in more than one animal species with absence of data

on humans.

Effect on animals suspected • A few minor effects on development observed in only one animal species and absence
of data on humans.

No or insufficient data • Absence of data.
• All studies necessary for the assessment of the risk potential for development were not

carried out or the experimental protocols used were not adequate. 

No effect reported • Products known as not affecting development in animals but no data on humans.
• Products known as not affecting human development.

8
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The QPRI uses many active ingredient properties to
calculate the environmental risk indicator. All physic-
ochemical properties and toxicity indicators (non-
target species) selected are part of the data necessary
for the registration of pesticides by the PMRA and the
EPA except for those that concern earthworms.

DATA SELECTION

Data was collected using four basic sources:

1. Decision and evaluation document of the Pest
Management Regulatory Agency (PMRA) and the
EPA7 as well as unpublished data from the PMRA

2. Tomlin, C.D.S. The e-Pesticide Manual, 13th

edition, The British Crop Protection Council,
2003, CD-ROM Version 3.0 2003–04

3. EXTOXNET, Extension Toxicology Network
(Oregon State University)
http://extoxnet.orst.edu/ghindex.html

4. Gorse, I. et al. Répertoire des principaux pesticides
utilisés au Québec. Les Publications du Québec,
2002, 476 pages

For each active ingredient parameter, the first source
was consulted. If it did not contain any data, the
second source was then consulted and so on. When
no data for a parameter was mentioned in any of
these four sources, additional sources were consulted.

When no data at all existed anywhere, the mean data
of the chemical group, as established by MDDEP
(Grégoire 1998), was used.

1

PROCESS FOR THE INPUT OF
PHYSICOCHEMICAL DATA ON PESTICIDES

Pesticides present in soil and water behave differently
according to their physicochemical properties. For
example, it is possible to evaluate the level of degra-
dation in soil according to aerobic soil half-life
(TD50 soil), water half-life (TD50 water), mobility in
soil expressed by the adsorption coefficient Koc, water
solubility as well as bioaccumulation tendencies
(Pow) in living organisms.

Considering the often wide distribution of soil half-
life and of water half-life, it appears excessive to retain
the highest value. Consideration must also be given to
the fact that soil half-life is directly used in the attri-
bution of scores of persistence (P) and bioaccumula-
tion (B), and, therefore, using the highest values will
have exaggerated and unrealistic repercussions on the
ERI. The method used for the selection of data is sim-
ilar to that proposed by the SCI-GROW model of the
U.S. EPA (U.S. EPA 2001).

Aerobic soil half-life – TD50 (days)

Soil half-life in aerobic conditions (TD50) designates
the time necessary for 50% of the initial concentra-
tion of an active ingredient to degrade. The half-life of
an active ingredient is a property that varies consider-
ably according to the conditions in which it is meas-
ured. In fact, type of soil, aerobic conditions, acidity
and level of organic matter will influence the persist-
ence of a product in soil. 

It is not rare to find a source that presents more than
one value for that property.

2

IIISelection of physicochemical and
ecotoxicological data on pesticides
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7 The EPA qualifies studies that were used to determine the values of the physicochemical properties and the values of toxicity indicators.
Data from core studies that fulfill data requirements are selected over data from supplemental studies . Data from studies considered as
unacceptable are not selected.
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Choice of data

• If there are two values, the mean is selected.
• If there are three values, the intermediate value

is selected.
• If there are four values, the mean of the

two intermediate values is selected.

Aerobic water half-life – TD50 (days)

Water half-life in aerobic conditions (TD50) desig-
nates the time necessary for 50% of the initial concen-
tration of an active ingredient to degrade in water.

Choice of data

• If there are two values, the mean is selected.
• If there are three values, the intermediate value

is selected.
• If there are four values, the mean of the two

intermediate values is selected.
• If no value is available, the soil half-life value

in aerobic conditions times 2 is used.

Organic carbon adsorption 
coefficient – Koc (ml/g)

The organic carbon adsorption coefficient (Koc) is an
indicator of the adsorption potential of an active
ingredient by soil particles. Contrary to soil half-life,
the Koc is not used directly in the attribution of points
to the ERI. In fact, the score for mobility (M) is deter-
mined using the GUS index. This data is thus selected

according to a realistic worst case scenario using the
smallest value published in a given source. The
amount of data available for an active ingredient may
vary according to experimental protocols on meas-
uring the adsorption coefficient.

Choice of data

• If there is more than one value from one source,
the smallest is selected.

Water solubility (mg/l or ppm)

Amount of substance dissolved per liter of water. In
general, substances that are highly soluble are less
likely to be adsorbed by particles in soil.

Choice of data

• The selected solubility data is generally a pH of
6–7 at a temperature of 20–25 
C.

Octanol-water partition 
coefficient – log Pow

The octanol-water partition coefficient is measured at
temperatures of 20–25 
C. It is usually expressed in
terms of log Pow. It represents the bioaccumulation
potential of an active ingredient.

Choice of data

• The data on the octanol-water partition coefficient
is generally a pH of 6–7.

Table III-1: Summary table – physicochemical parameters

Parameters of the active ingredients Unit Selection in each source

Soil half-life (TD50) in aerobic conditions Day If 2 values: mean
If 3 values: intermediate value
If 4 values: mean of intermediate values

Water half-life (TD50) in aerobic conditions Day If 2 values: mean
If 3 values: intermediate value
If 4 values: mean of intermediate values

Organic carbon adsorption coefficient (Koc) ml/g Smallest value

Water solubility mg/l Data at a pH � 6–7 and temperature � 20–25 
C

Octanol-water partition coefficient (log Pow) – Greatest value
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PROCESS FOR THE INPUT OF
ECOTOXICOLOGICAL DATA ON PESTICIDES

Data from toxicity indicators for non-target species is
selected according to a realistic worst case scenario
using the smallest value published in a given source.

Earthworms

The LC50 is expressed in mg/kg of soil.

Choice of data

• A 14 day exposure LC50 is selected.

Bees

The oral LD50 or contact LD50 for domestic bees is
expressed as �g/bee.

Choice of data

• The lowest of the oral or contact toxicity values
is selected.

Birds

The acute LD50 for birds is expressed in mg/kg of
body weight.

Choice of data

• The mallard duck (Anas platyhynchos) is chosen
as the main species. If no data is available for this
species, the acute LD50 for the bobwhite quail
(Colinus virginianus) is used.

3
Fish

The acute LC50 for fish is expressed in �g/l (ppb).

Choice of data

• The LC50 for rainbow trout (Onchorynchus mykiss)
where time of exposure is 96 hours is selected. If
no 96 hour LC50 value is mentioned in any of the
four basic sources, another value may be selected
while specifying source and time of exposure.

Aquatic invertebrates

The LC50 or EC50 of daphnia is expressed in �g/l (ppb).

Choice of data

• The LC50 or EC50 of daphnia (Daphnia magna)
where time of exposure is 48 hours is selected. 

Algae

The EC50 for algae is expressed in �g/l (ppb).

Choice of data

• The lowest EC50 between two algae species,
Scenedesmus subspicatus and Selenastrum
capricornutum, where time of exposure is generally
72 to 120 hours is selected.

Vascular plants

The EC50 for vascular plants is expressed in �g/l (ppb).

Choice of data

• The EC50 of the vascular plant Lemna gibba
is selected.

Table III-2: Summary table – ecotoxicological parameters

Parameter of the active ingredients Unit Selection in each source

LC50 for earthworms mg/kg of soil 14 day test

Oral or contact LD50 for bees µg/bee Lower, oral or contact

Acute LD50 for birds mg/kg If available: mallard duck;
if not, bobwhite quail

Acute LC50 for fish µg/l Rainbow trout, 96 hours

LC50 or EC50 for daphnia µg/l Daphnia magna, 48 hours

EC50 for algae µg/l Scenedesmus subspicatus or Selenastrum capricornutum
Variable exposure: 72, 96, 120 hours

EC50 for vascular plants µg/l Lemna gibba
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Impact on birds is measured using acute toxicity
expressed by the LD50 of the mallard duck, or if need
be the bobwhite quail. The European guide for the
evaluation of risks for birds and mammals (EC 2002)
is used to define the parameters linked to these birds.
The parameters for large herbivorous birds with a
mean weight of 1 360 g are chosen to represent the
mallard duck, and the same parameters for herbivo-
rous birds with a mean weight of 170 g to represent
the bobwhite quail.

The calculation for oral exposure considers the amount
of pesticide ingested daily by the birds:

ETE � �FIR / body weight� � C

FIR � Food intake rate
Body weight � 1 360 g for the mallard duck and

170 g for the bobwhite quail
C � Substance concentration in

the diet (mg/kg)

According to the calculation tables in the European
Guide (EC 2002), the food intake rate (FIR) for birds
1 360 g and 170 g are respectively 718.08 g and
147.05 g. The body weight/FIR ratios are thus 0.528
for the mallard duck and 0.865 for the bobwhite
quail. The residue unit dose (RUD), used to calculate
pesticide residues in the diet, is taken from Table 4 of
the European guide (EC 2002). This dose is 142 g for
large herbivorous birds of average size (bobwhite
quail). In order to obtain the C variable, the RUD is
multiplied by the amount applied on the hectare
expressed as kg/ha. To do this, the standardized area
dose (SAD) expressed as g/ha is divided by 1 000. The
equations are the following:

Mallard duck

ETE � 0.528 � 142 � SAD / 1 000

Bobwhite quail

ETE � 0.865 � 87 � SAD / 1 000

The ETE value allows us to calculate the toxicity/expo-
sure ratio (TER) and thus obtain an O score deter-
mined according to Table 9 in Section 2.

IVParameters linked to the calculation 
of the impact on birds (O)
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DRIFT

Contamination caused by drift occurs at the time of
application. It is distributed daily between surface
water and sediments according to the Koc of the pesti-
cide and the depth of sediments. The pesticide present
in surface water is distributed into two theoretical
components on the basis of availability of the product
for adsorption in sediments, according to the fol-
lowing formula:

mavail � msw � K

munavail � msw � (1 – K)

msw � Total mass of pesticides in surface water
(mg/m2)

mavail � Mass available for adsorption (mg/m2)
munavail � Mass unavailable for adsorption

(mg/m2)
K � Distribution coefficient set at 2/3 for

all pesticides

This method assumes that the balance between con-
centration in water and sediments is reached 24 hours
after application. Tables V-1 and V-2 indicate default
values used to characterize the body of water in the
calculation of the PEC and deviation values according
to treatments (seeds treated and pesticides incorpo-
rated) and type of crop (ground level crops, bushes
and fruit trees).

Table V-1: Default value for body of water

Parameter Value

Depth of water (cm) 30

Depth of sediments (cm) 5

Effective depth of sediments (cm) 1

Organic carbon in sediments (%) 5

Sediment density (g/cm3) 0.8

Field ratio in relationship to body of water 10

1
Table V-2: Default parameters for spray drift used

in the “Step 2” FOCUS model

Distance 
between crop  Drift

Treatment or crop
and body 
of water

(m)
(% of 

application)

Seeds treated or 1 0
pesticides incorporated

Ground level crop 1 2.8
(� 50 cm)

Bush (� 50-200 cm) 3 8.0

Fruit tree (� 200 cm) 3 15.7

Adapted from FOCUS 2002 – Step 2: Input into surface water via
spray drift

Examples: – Ground level crops: carrot, strawberry, wheat
– Bushes: raspberry, blueberry corymbs
– Fruit trees: apple, plum

SURFACE RUNOFF AND
EVALUATION OF DRAINAGE WATER

Contamination caused by surface runoff and evacua-
tion of drainage water is distributed between the
aqueous phase and the sediments during runoff. Thus
a pesticide with a weak Koc is mainly dissolved in
runoff water while a pesticide with a high Koc is
mainly adsorbed in soil particles. According to Portrait
agroenvironnemental des fermes du Québec (BPR 1998),
the maximum erosion potential varies according to
region, from low to very high. A low level corresponds
to a mean soil loss of 15 t/ha/year, while a very high
level corresponds to losses of more than 60 t/ha/year.
For Québec, the percentage of soil loss by runoff
is fixed at 1.5%. The following table illustrates soil
loss in t/ha/year and in percentage considering a soil
density of 2 400 t/ha over 20 cm of depth.

2

VParameters linked to spray drift, surface 
runoff and runoff into drainage systems: 
Calculation of the A variable with “Step 2”

(From FOCUS Surface Water Scenarios […], 2002)A
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Table V-3: Soil loss according to level of risk

Level of risk T/ha/year %

Low 15 0.625

Very high 60 2.5

Value used in the QPRI-Environment 1.5

The interception factor of crops influences the
amount of pesticide found in the soil. The intercep-
tion values used are the same as those selected for the
calculation of the Tew variable (Table 6).
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The HRI and ERI indexes as well as the PestRI-H and
PestRI-E indicators are calculated based on applica-
tion rates of active ingredients contained in end-use
products and treated areas. Thus, at a province-wide
level, areas are estimated based on a standardized
area rate (SAD). This parameter is determined by
order of importance of crops for which the end-use
products are registered. The priority is established
according to the following order:

1. Corn (excluding sweet corn) or soybeans
2. Potatoes, apples or strawberries
3. Other crops (carrots, blueberries, grass, etc.)

The SAD is the value that, when registered in a given
culture, gives the highest HRI and ERI values
according to the order of importance mentioned
above. 

Example:

Although GramoxoneR (paraquat) is registered for
many crops, the SAD used for the calculation of
HRI, ERI and area is the highest level permitted for
corn and soybeans. In fact, according to the process
established previously, corn and soybeans are
selected because of the significant cultivated areas
and amounts of active ingredients that may be used
for these crops compared to other registered poten-
tial crops.

The following diagram describes the decision-making
process for selecting the SAD linked with one of the
established reference crops.

VIDetermination of the standardized 
area dose province-wide
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Decision-making process diagram

Registered
end-use product Corn or soybeans

Potatoes, apples or
strawberries

Other crops (carrots
blueberries, grains)

The rate giving 
the highest HRI
and ERI is the 

standardized area dose

No

Yes

Yes

Yes

No
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All calculations presented in Appendix VII were
developed based on data corresponding to end-use
product that are currently registered. However, as it
was impossible to present examples for all products
of the same nature in this document focusing on
methodological approaches, the real names of end-
use products have been replaced by fictitious names
in order to avoid any discrimination with respect
to products.

Attention: Certain HRI, ERI and PestRI calculations
have been rounded.

EXAMPLE OF AN HRI AND ERI
CALCULATION FOR AN END-USE PRODUCT

The pre-emergence EP-1 herbicide in corn is used as
an example in the calculation of HRI and ERI for a
end-use product. This herbicide contains two active
ingredients and its maximum application rate is
4 500 g/ha.

The HRI for this use of EP-1 is equal to the summa-
tion of the weighted HRI of the ai-A and ai-B.

HRIEP-1 � HRIai-A-w � HRIai-B-w

Similarly, the ERI for this use of EP-1 is calculated by
adding the weighted ERI of ai-A and ai-B.

ERIEP-1 � ERIai-A-w � ERIai-B-w

Table VII-1: HRI and ERI of weighted active
ingredients as well as those of 
end-use product EP-1

Active ingredient/ Rate 
end-use product (g or ml/ha) HRI ERI

ai-A / EP-1 1 210 270 182

ai-B / EP-1 697 24 16

EP-1 4 500 294 198

1

EXAMPLE OF A CALCULATION OF THE
ADJUSTED HRI FOR AN END-USE
PRODUCT (HRIADJUSTED)

In this example, the EP-1 herbicide is applied with a
boom sprayer. According to Table 14 in Section 3, the
adjustment factor (WFa) for this type of application
is 1.5.

HRIadjusted EP-1 � HRIEP-1 � WCF

HRIadjusted EP-1 � 441

EXAMPLE OF A CALCULATION
OF THE HRI AND ERI FOR A PEST
CONTROL TREATMENT

A pre-emergence herbicide treatment in corn using
EP-1 � EP-2 is used as an example of a calculation of
HRI and ERI for a pest control treatment (Table VII-2).
The EP-1 herbicide is used with a maximum applica-
tion rate of 4 500 g/ha and the EP-2 herbicide with a
maximum application rate of 1 750 g/ha.

The HRI for this treatment is calculated by adding the
HRI of EP-1 and EP-2.

HRItreatment � HRIEP-1 � HRIEP-2

Similarly, the ERI for this treatment is calculated by
adding the ERI of EP-1 and EP-2.

ERItreatment � ERIEP-1 � ERIEP-2

Table VII-2: HRI and ERI for treatments
including end-use products EP-1
and EP-2

End-use product
Rate

(g or ml/ha) HRI ERI

EP-1 4 500 294 198

EP-2 1 750 188 64

Herbicide treatment 482 262

3

2

VIIExamples of calculations and results
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EXAMPLES OF COMPARISONS OF INDEXES IN ORDER TO FACILITATE CHOICE OF TREATMENT
WITH A LOW RISK LEVEL FOR HEALTH AND THE ENVIRONMENT

Table VII-3: HRI and ERI for pre-emergence herbicide treatments in corn

Treatment Treatment
# (end-use products) (active ingredients) Rate (g or ml/ha) HRI ERI

1 EP-3 � EP-4 ai-C / ai-D � ai-F 216 � 3 500 310 92

2 EP-1 � EP-2 ai-A / ai-B � ai-E 4 500 � 1 750 482 262

3 EP-5 � EP-6 ai-A / ai-E � ai-G 4 000 � 4 500 1 304 413

Table VII-4: HRI and ERI for fungicidal treatments to eradicate apple scab

Treatment Treatment
# (end-use products) (active ingredients) Rate (g or ml/ha) HRI ERI

4 EP-7 ai-H 450 68 4

5 EP-8 ai-I 340 115 49

6 EP-9 ai-J 175 10 16

Table VII-5: HRI and ERI for insecticide treatments of Colorado beetle in potato

Treatment Treatment
# (end-use products) (active ingredients) Rate (g or ml/ha) HRI ERI

7 EP-10 ai-K 1 300 4 248

8 EP-11 ai-L 175 90 182

9 EP-12 ai-M 166 10 110

4

EXAMPLE OF A CALCULATION OF MONITORING INDICATORS PestRI-H AND PestRI-E
WITH PESTICIDE USE DATA

Farm Business A (50 cultivated hectares) farmed corn on 20 hectares, apples on 10 hectares and potatoes on
20 hectares during years 1 and 2. This farm business is a member of the agro-environment Advisory Group B in
which 340 hectares were cultivated during years 1 and 2 for all member farm businesses. These cultivated areas
are divided as follows: 90 hectares of corn, 70 hectares of apples and 180 hectares of potatoes. Advisory Group B
farm businesses chose a crop treatment from among 9 treatments presented in tables VII-3, VII-4 and VII-5.

Table VII-6 presents the treatments applied by Farm Business A and Advisory Group B. For example, for Year 1,
Treatment 2 was applied on 20 hectares by Farm Business A and on 40 hectares in total in Advisory Group B.
In the same year, Treatment 4 was applied on 10 hectares six times (x 6) by Farm Business A.

5
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Table VII-6: Treatments by Farm Business A and Advisory Group B for years 1 and 2

Year 1 Year 2
Treatment # Area (ha) Treatment # Area (ha)

2 20 1 20

Farm Business A 4 (� 6) 10 5 10

7 20 9 (� 2) 20

1 50 1 90

2 40 5 70

Advisory Group B
4 (� 6) 10 8 100

5 60 9 (� 2) 20

7 80 9 60

8 100

The PestRI-H and PestRI-E indicators are calculated for Farm Business A and Advisory Group B for each year
(Table VII-7). The PestRI-H and PestRI-E for each treatment are calculated simply by multiplying the risk indi-
cator (HRI and ERI) of each treatment for the area treated.

For example, for Year 1, Treatment 2 (HRI � 482) was applied on 20 hectares by Farm Business A.

PestRI-HTreatment 2 � HRITreatment 2 � areaTreatment 2 � 482 � 20 ha � 9 640

Treatment 4 was applied 6 times during Year 1, giving a value of PestRI-HTreatment 4 � 680. This value is then mul-
tiplied by six, once for every treatment.

PestRI-HTreatment 4 � HRITreatment 4 � areaTreatment 4 � (68 � 10 ha) � 6 � 680 � 6 � 4 080

The PestRI-H and PestRI-E indicators for Farm Business A are obtained by adding all PestRI-H and PestRI-E of
treatments applied during the year, which also includes Treatment 7.

For Year 1, PestRI-HFarm Business A � 13 800

For Year 2, refer to Table VII-7.

Table VII-7: PestRI-H and PestRI-E of Farm Business A and Advisory Group B for years 1 and 2

Year 1 Year 2
PestRI-H PestRI-E PestRI-H PestRI-E

Farm Business A 13 800 10 440 7 450 6 730

Advisory Group B 55 080 56 300 45 220 40 910

EXAMPLE OF THE CALCULATION OF MONITORING INDICATORS PestRI-H/HA AND
PestRI-E/HA WITH DATA ON PESTICIDE USE

The PestRI-H and PestRI-E indicators can be divided according to total cultivated area by Farm Business A
(50 ha) and Advisory Group B (340 ha). The results obtained are indicators allowing us to compare Farm
Business A and Advisory Group B on the scale of one hectare. These indicators are called PestRI-H by hectare
(PestRI-H/ha) and PestRI-E by hectare (PestRI-E/ha).

For Year 1:

PestRI-H/haFarm Business A � PestRI-HFarm Business A / cultivated areaFarm Business A (ha) � 13 800/50 ha � 276

6
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Table VII-8: PestRI-H/ha and PestRI-E/ha for Farm Business A and Advisory Group B for years 1 and 2

Year 1 Year 2
PestRI-H/ha PestRI-E/ha PestRI-H/ha PestRI-E/ha

Farm Business A 276 209 149 135

Advisory Group B 162 166 133 120

Examples 7, 8 and 9 concern data on sales of pesticides. They use data from Table VII-11 for calculation 
purposes.

EXAMPLE OF THE CALCULATION OF MONITORING INDICATORS PestRI-H AND PestRI-E
WITH DATA ON PESTICIDE SALE

The area treated with a pesticide is estimated by using sales and the SAD (in kg or l a.i./ha).

Area (ha) � sales (kg or l a.i.) / SAD (kg or l a.i./ha)

PestRI-H � � HRI � area

PestRI-H � � HRI � (sales / SAD) � � (sales / SAD) � sales

For Year 1: PestRI-H is calculated as follows:

PestRI-HTerritory C � �(270 / 1.211) � 2421.0� � �(24 / 0.698) � 1395.0� � ….

The 14 entries in Table VII-11 for Territory C are added:

PestRI-HTerritory C � 3 314 873

Table VII-9: PestRI-H and PestRI-E for Territory C for years 1 and 2

Year 1 Year 2
PestRI-H PestRI-E PestRI-H PestRI-E

Territory C 3 314 843 1 664 303 2 755 250 1 574 276

EXAMPLE OF THE CALCULATION OF MONITORING INDICATORS PestRI-H/HA
AND PestRI-E/HA WITH PESTICIDE SALES DATA

The cultivated area in Territory C the first year is 15 000 ha and the second year 18 000 ha.

PestRI-H/ha � PestRI-H / cultivated area (ha)

For example, in Year 1: the PestRI-H/ha is calculated as follows:

PestRI-H/haTerritory C � PestRI-HTerritory C / cultivated areaTerritory C (ha) � 3 314 873 / 15 000 ha � 221

Table VII-10: PestRI-H/ha and PestRI-E/ha for Territory C for years 1 and 2.

Year 1 Year 2
PestRI-H/ha PestRI-E/ha PestRI-H/ha PestRI-E/ha

Territory C 221 111 153 87
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Table VII-11: Sales data on all pesticides sold in Territory C

The cultivated area is 15 000 hectares the first year and 18 000 hectares the second year.

Sold Sold
Reference crop SAD Year 1 Year 2 

End-use Active a.i. content according to e.p. rate (kg or l (kg or l (kg or l
product ingredient (%) Appendix VI (kg or l/ha) a.i./ha) HRI ERI a.i.) a.i.)

EP-1 ai-A 26.9 Corn 4.500 1.211 270 182 2 421.0 1 815.8

EP-1 ai-B 15.5 Corn 4.500 0.698 24 16 1 395.0 1 046.3

EP-3 ai-C 62.5 Corn 0.216 0.135 16 25 67.5 202.5

EP-3 ai-D 23.1 Corn 0.216 0.050 6 25 24.9 74.8

EP-4 ai-F 48.0 Corn 3.500 1.680 288 42 840.0 2 520.0

EP-5 ai-E 40.0 Corn 4.000 1.600 188 64 1 600.0 800.0

EP-5 ai-A 31.3 Corn 4.000 1.252 270 233 1 252.0 626.0

EP-6 ai-G 48.0 Corn 4.500 2.160 846 116 4 320.0 3 240.0

EP-8 ai-I 40.0 Apple 0.340 0.136 115 49 6.8 34.0

EP-9 ai-J 50.0 Apple 0.210 0.105 10 16 10.5 15.8

EP-10 ai-K 24.0 Potato 1.300 0.312 4 248 624.0 468.0

EP-11 ai-L 40.7 Corn 0.175 0.071 90 182 35.6 28.5

EP-12 ai-M 48.0 Apple 0.166 0.080 3 110 47.8 239.0

EP-13 ai-N 75.0 Apple 1.200 0.900 90 9 3 600.0 2 700.0

Total 16 245 13 811

Type of crop for corn and potato: ground level crop
Type of crop for apple: fruit tree

EXAMPLE OF THE CALCULATION OF MONITORING INDICATORS PestRI-H/KG
AND PestRI-E/KG WITH PESTICIDE SALES DATA

The amount of pesticides sold in Territory C the first year is 16 245 kg a.i. and the second year is 13 811 kg a.i.

PestRI-H/kg � PestRI-H / total sales (kg a.i.)

For Year 1: PestRI-H/kg is calculated as follows:

PestRI-H/kgTerritory C � PestRI-HTerritory C / total salesTerritory C (ha) � 3 314 873 / 16 245 kg a.i. � 204

Table VII-12: PestRI-H/kg and PestRI-E/kg for Territory C for years 1 and 2

Year 1 Year 2
PestRI-H/kg PestRI-E/kg PestRI-H/kg PestRI-E/kg

Territory C 204 102 199 114

9





Québec Pesticide Risk Indicator – QPRI – Health and Environment 39

BPR, 1998. Le Portrait agroenvironnemental des fermes
du Québec. Rapport présenté à l’UPA, au MAPAQ
et à l’Institut de recherche et de développement
en agroenvironnement inc.

Day, E., 2002. Environmental Indicators Results. Report
to the U.S. EPA. American Farmland Trust
Center for Agriculture in the Environment.

Demers, I., 2001. Analyse et application d’outils de sélec-
tion environnementale de pesticides en usage à
la ferme. Faculté des sciences, Université de
Sherbrooke.

Devillers, J., R. Farret, P. Girardin, J.-L. Rivière and
G. Soulas, 2005. Indicateurs pour évaluer les
risques liés à l’utilisation des pesticides. Éditions
TEC & DOC Lavoisier.

Duchesne, R-M., M-H. April and D. Gingras, 2003.
Inventaire des indicateurs de risques sur la santé et
sur l’environnement pour les pesticides. Direction de
l’environnement et du développement durable,
MAPAQ. Retrieved January 9, 2008 from

� www.agrireseau.qc.ca/agroenvironnement

European and Mediterranean Plant Protection
Organization (EPPO), 2003. Bulletin OEPP/
EPPE Bulletin 33, pages 195-209. Retrieved
January 9, 2008 from

� http://archives.eppo.org/EPPOStandards/
PP3_ERA/pp3-07(2).pdf

European Commission (EC), 1994. Council Directive
91/414/EEC of 15 July 1991 concerning the placing
of plant protection products on the market.

European Commission (EC), 2002. Guidance
Document on Risk Assessment for Birds and
Mammals Under Council Directive 91/414/EEC.
Sanco/4145/2000 – Final, 25 September 2002.

EXTOXNET, Extension Toxicology Network. Oregon
State University. Retrieved January 9, 2008 from 

� http://extoxnet.orst.edu/ghindex.html

FOCUS, 1997. Soil Persistence Models and EU Regis-
tration. The Final Report of the Work of the Soil
Modelling Work Group of FOCUS (Forum for the
Co-ordination of Pesticide Fate Models and
their Use).

FOCUS, 2002. Surface Water Scenarios in the Evaluation
Process under 91/414/EEC. Report prepared by
the FOCUS Working Group on Surface Water
Scenarios. Final Draft 06-06-02. Retrieved
January 9, 2008 from

� http://viso.ei.jrc.it/focus/sw/index.html 

Gorse, I., 2005, Bilan des ventes de pesticides au Québec
pour l’année 2001, Québec, Ministère du Déve-
loppement durable, de l’Environnement et des
Parcs, Envirodoq: no ENV/2005/0140.

Gorse, I., F. Grégoire, C. Laverdière and T. Roussel,
2002. Répertoire des principaux pesticides utilisés au
Québec. Les publications du Québec.

Grégoire, F., 1998. Guide de classement des pesticides
par groupe chimique, Ministère de l’Environne-
ment, Direction des politiques des secteurs agri-
coles et naturels, Division des pesticides.
Retrieved January 9, 2008 from

� www.mddep.gouv.qc.ca/pesticides/guide/
index.htm

Gustavson, D.I., 1989. Groundwater Ubiquity Score: A
Simple Method for Assessing Pesticide Leachability.
Environmental Toxicology and Chemistry, 8,
339-357.

Health Canada, 2005. The Globally Harmonized System
for the Classification and Labelling (The GHS) –
Implementation of the GHS in Canada, Last
Update: October 2004 

� www.hc-sc.gc.ca/ahc-asc/pubs/ghs-sgh/analys/
pcp-pa_table2_e.html

From January 2008 refered to: 

Health Canada, 2006. The Globally Harmonized
System for the Classification and Labelling (The
GHS) – Implementation of the GHS in Canada,
Comparison of sector interim recommendations or
preferred options, Last update: February 2006.
Retrieved January 14, 2008 from

� http://www.hc-sc.gc.ca/ahc-asc/alt_formats/
h e c s - s e s c / p d f / p u b s / i n t a c t i v / g h s - s g h /
recommendations_ghs-sgh_e.pdf

International Agency for Research on Cancer
(IARC), 2004. Preamble to the IARC Monographs:
12. Evaluation. Last updated: 18 August 2004.
Retrieved January 9, 2008 from

� http://monographs.iarc.fr/ENG/Preamble/
eval.php

International Program on Chemical Safety (IPCS),
2005. The WHO Recommended Classification of
Pesticides by Hazard and Guidelines to Classifica-
tion: 2004. World Health Organization.

REFERENCE DOCUMENTS CITED



40 Reference documents cited

Norwegian Agricultural Inspection Service (NAIS),
2000. Pesticide Risk Indicators for Health and
Environment – Norway. Retrieved January 9, 2008
from

� http://landbrukstilsynet.mattilsynet.no/
dokument_eng.cfm?m_id=201&d_id=1221
#Pesticide%20risk%20indicators 

Norwegian Agricultural Inspection Service (NAIS),
2004. Pesticide Risk Indicators for Health and
Environment – Norway.

Reus, J. et al., 1999. Comparing Environmental Risk
Indicators for Pesticides – Summary. Retrieved
January 9, 2008 from

� http://www.clm.nl/publicaties/data/capersum.pdf 

Tomlin, C.D.S., 2003. The e-Pesticide Manual, 13th edi-
tion, The British Crop Protection Council, 2003,
CDROM version 3.0.

United States Environmental Protection Agency
(U.S. EPA), 2001. Retrieved January 9, 2008 from

� www.epa .gov/oppefed1/models /water /
scigrow_description.htm.

United States Environmental Protection Agency
(U.S. EPA), 2004. Chemicals evaluated for carcino-
genic potential. Science Information Management
Branch, Health Effects Division, Office of Pesti-
cides Programs, July 19, 2004.

United States Environmental Protection Agency
(U.S. EPA), 2005. Toxicity Categories and Pesticide
Label Statements. Office of Prevention, Pesticides
and Toxic Substances. Last update: February 2005. 

� ht tp : / /www.epa .gov/pes t i c ides/heal th/
tox_categories.htm

From January 2008 refered to: 

United States Environmental Protection Agency
(U.S. EPA), 2007. Code of Federal Regulations.
40CFR156. Labeling requirements for pesticides
and devices. Subpart D: Human hazard and pre-
cautionary statements. 156.62 : Toxicity Category.
Retrieved January 14, 2008 from

� http://frwebgate2.access.gpo.gov/cgi-bin/
waisgate.cgi?WAISdocID=33408144395+7+0+0
&WAISaction=retrieve

Valcke M., F. Chaverri, P. Monge, V. Bravo,
D. Mergler, T. Partanen and C. Wesseling, 2005.
Pesticide Prioritization for a Case-Control Study on
Childhood Leukemia in Costa Rica: a Simple Step-
wise Approach. Environmental Research, Vol. 97,
335-347.

Van Gestel, C.A.M., K. Otermann and J.H. Canton,
1985. Relation between Water Solubility, Octanol/
Water Partition Coefficients, and Bioconcentration
of Organic Chemicals in Fish: A Review. Regulatory
Toxicology and Pharmacology, Vol. 5, 422-431.



Québec Pesticide Risk Indicator – QPRI – Health and Environment 41

Drozdowsky, S.L. and S.G. Whittaker, 1999. Workplace
Hazards to Reproduction and Development: A
Resource for Workers, Employers, Health Care Provi-
ders, and Health & Safety Personnel. Safety and
Health Assessment and Research for Prevention
(SHARP). Washington State Department of
Labor and Industries Technical Report Number:
21-3-1999. Retrieved January 9, 2008 from

� http://198.187.3.10/Safety/Research/files/
repro_dev.pdf

Durkin P. and G. Diamond, 2002. Neurotoxicity,
Immunotoxicity and Endocrine Disruption with
Specific Commentary on Glyphosate, Triclopyr and
Hexazinone: Final Report. SERA TR 01-43-08-04a.
Syracuse Research Corporation. Report sub-
mitted to USDA Forest Service.

EDSTAC, 1998. Endocrine Disruptor Screening and Testing
Advisory Commitee Final Report. August, 1998.
Retrieved January 9, 2008 from

� http://www.epa.gov/scipoly/oscpendo/pubs/
edspoverview/finalrpt.htm

European Crop Protection Association, 1995. Esti-
mation of Initial Exposure for Environmental Safety/
Risk Assessment of Pesticides. ECPA Position
Paper, January 1995.

Ganzelmeier, H., D. Rautmann, R. Spangenberg,
M. Streloke, M. Herrmann, H.J. Wenzelburger
and H.F. Walter, 1995. Studies on the spray drift
of plant protection products. Mitteilungen aus der
Biologischen Bundesanstalt für Land und
Forstwirtschaft.

Goss, D., 1991. Screening Procedure For Soils and Pesti-
cides Relative to Potential Water Quality Impacts
Using Computer Simulation Models in Pesticides
Registration Decision Making, a Symposium/
Workshop, Febuary 4, 1991. Weed Science Society
of America, Louisville, Kentucky.

Goss, D. and R.D. Wauchope, 1990. The SCS/ARS/CES
Pesticide Properties Database: II. Using it With Soils
Data in a Screening Procedure. Pesticides in the
Next Decade: The Challenges Ahead, Virginia
Water Resources Research Center, Blacksburg,
VA, 471-492.

Hoerger, F.D. and E.E. Kenaga, 1972. Pesticide Residues
on Plants – Correlation of Representative Data as a

REFERENCE DOCUMENTS CONSULTED

Basis for Estimation of the Magnitude in the Envi-
ronment. Academic Press, New York, 9-28.

International Labour Organization (ILO), 2005.
Globally Harmonized System for the Classification
and Labelling of Chemicals (GHS). Chapter 9 –
Germ Cell Mutation. Last update: 5 July 2001.
Retrieved January 9, 2008 from

� www.ilo.org/public/english/protection/
safework/ghs/ghsfinal/

Levitan, L., 1997. An Overview of Pesticide Impact Asses-
sment Systems (a.k.a. “Pesticide Risk Indicators”)
Based on Indexing or Ranking Pesticides by Envi-
ronmental Impact. Pest Management of the
Crossroad. Retrieved January 9, 2008 from

� www.pmac.net/loisbig.htm

Minister of national health and Welfare (MNHW),
1993. The assessment of mutagenicity. Health pro-
tection branch. Mutagenicity guidelines.

OECD, 2000. Pesticide Risk Indicators Developed and
Used by Norway. OECD. Retrieved January 9,
2008 from

� www.oecd.org/dataoecd/20/50/1934217.pdf

OECD, 2002. Pesticide Aquatic Risk Indicators: Testing
the OECD Indicators REXTOX, ADSCOR and
SYSCOR and the Norwegian Aquatic Risk Indicator
with Estimates of Use Data from Norway. OECD.
Retrieved January 9, 2008 from 

� www.oecd.org/dataoecd/6/17/2752913.pdf

Ontario Ministry of Agriculture Food and Rural
Affairs (OMAFRA), 2004. Fact sheet – Horticultural
crops. Retrieved January 9, 2008 from

� ht tp : / /www.omaf ra .gov.on .ca/eng l i sh/
environment/hort/grhouse.htm

PMRA, Pest Management Regulatory Agency. Retrieved
January 9, 2008 from

� http://www.pmra-arla.gc.ca/english/index-
e.html

United States Environmental Protection Agency
(U.S. EPA), 1986. Guidelines for Mutagenicity
Risk Assessment, Federal register 51 (185):
34006-34012.

Wauchope, R.D., 1978. The Pesticide Content of Surface
Water Draining from Agricultural Fields. Journal of
Environmental Quality, 7, 459-472.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ([Based on '[Press Quality]'] Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


