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OBJECTIVE 
GENERAL: To provide an overview of the Guidelines for 

Toxicological Risk Assesment for environmental 

contaminants in Quebec, hereafter referred to as « the 

Guidelines », focusing on the issues of its content that reflect 

the need for a tool uniformizing the toxicological risk 

assessment  (TRA) approaches applied in Quebec, while still 

allowing a certain level of flexibility. 
 

SPECIFIC:  

1. Describe the context in which the Guidelines were elaborated; 

2. Describe the aims and scope of the Guidelines; 

3. Describe the steps-by-step approach for their elaboration; 

4. Detail the methodological issues of TRA and corresponding 

requirements for the presentation of the results,                      

as per the Guidelines.  



Outline 
 Context  

 Aims and scope of the Guidelines 

 Process followed for their elaboration 

 Methodological issues covered by the Guidelines: 

NRC (1983) 4 steps (« Red book ») 

 Hazard Identification 

 Exposure assessment 

 Dose-response assessment 

 Risk characterization: 

   Carcinogenic and Non-carcinogenic risk 

 Correction of some caveats in original Guidelines 

 Conclusion 

 



CONTEXT 
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Context 

 In 2002, a first edition of the Guidelines for 

toxicological risk assesment was published by 

Québec’s Ministry of Health in order to orientate the 

methodological approaches in this regard. 
 

 Working Group on the                                           

directing principles for TRA :  

 13 principles 

  Framework for Environmental                                  Health 

Risk Management 
 

 Focus: Rehab of contaminated                                

sites (soil) 

 Deterministic approach 
Source: The Presidential/Congressional 

Commission on Risk Assessment 

and Risk Management. 1997. http://www.riskworld.com/ Nreports/1997/risk-rpt/html/epajana.htm 
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Context 

 Day-to-day usage of the Guidelines revealed caveats: 

 Gaps in the exposure routes considered; 

 Need for clarification of some key concepts 

 Updated data?  

  Mandate of the Toxicological Risk Assesment 

Group (INSPQ): 

 Updating the 2002 Guidelines in order to reflect the 

current state-of-knowledge and address the caveats 

revealed by the day-to-day usage of it; 

 Adapt the Guidelines for a broader field than solely the 

application to the case of risk management                 

of contaminated sites.  



AIMS & SCOPE 
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Aims and Scope 

 Kept from the 2002 edition: 
 

 Databases for toxicity indicators (e.g.RfD, TDI, etc.) 

 Exposure parameters: statistical descriptors 

(environmental [ ]); Ingestion and inalation rates; 

 Age groups (further precised); 

 General approach (« The four steps », overall scheme 

for data and result presentation);  

 General scenario considered (indoors/outdoors; 

residential, commercial or industrial sites). 
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Aims and Scope 

 Improvement to include in the second edition: 

 New exposure routes: dermal, maternal milk 

(newborns); 

 Updating of age-specific exposure parameter 

 Introduce and guide the probabilistic approach 

 Further clarification of the consideration of 

background exposure and natural contaminations in 

the calculation of the project-specific risk 

 NOT covered by the Guidelines: 

 Enviromental modeling of the contaminants 

 Barely concerns risk management (rather:            

« honest broker »)… but:  
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Aims and Scope 



PROCESS 
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Process 

 Review of the scientific litterature (contact rates): 

 Inhalation rates; 

 Soil ingestion rates 

 Hand-to-mouth contact 

 Dermal permeability coefficients for some chemicals 

 (Quebec’s) population specific data (ISQ, Stat Can’s 

CHMS, CCHS)) 

 Body weight, body heights 

 Food ingestion rates 

 Drinking water ingestion rates  
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Process 

 External review: 

 INERIS (France); 

 Local Public Health authorities (Quebec’s DSP) 

 Ministry of environment 

 Consultants (yes, consultants!) 

 Final modifications & responses to comments 

 Clerical services 

 > 5 years!! 



METHODOLOGICAL 
ASPECTS 



1) HAZARD IDENTIFICATION 

2) EXPOSURE 

ASSESMENT 

3) DOSE-RESPONSE 

ASSESSMENT 

4) RISK 

CHARACTERIZATION 

Methodological aspects  

NRC’s « Red book » (1983): Four steps for TRA 

- RfD, TDI; 

- RfC; 

- Slope 

factors 
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Hazard identification 

 Description of the situation: 

 Project: 

  Type (industrial, residential, etc). Rehab. of 

contaminated site or future project (EIA)? 
 

 Stakeholders, population involved and its perception 

of the project, presence of sensitive subgroups; 
 

 

 Potential exposure routes (justification of withdrawing 

of default assumptions) 
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Hazard identification 

 Description of the situation: 
 

 Chemicals involved 
 

  For contaminated sites, chemicals for which at 

least one sample with [ ]> regulatory guidelines: 
 

 Ex. chemical Guideline, 

agricultural (BG) 

(ppm) 

Guideline, 

residential 

(ppm) 

Guideline, 

commercial or 

industrial (ppm) 

Arsenic 6 30 50 

Cadmium 1,5 5 20 

Lead 50 500 1000 

Hexachlorobenzene 0,1 2 10 
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Toxicological characterization: dose-
response assessment 

 Existing toxicological reference values (RfDs, 

TDIs, RfCs, slope factors) 

 Priority order, unless justified: 

 Health Canada; 

 WHO 

 US EPA (IRIS, Office of pesticides) 

 ATSDR 

 CalEPA, RIVM 

 Both cancer and non-cancer guideline values, if 

available. 
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Exposure assessment : parameters 

 [ ] to be used: upper 95%CI value 

 Parameters: not worst case, not average.  « prudent » 

 Default exposure routes to be considered: 
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Exposure assessment : parameters 

 Default exposure durations to be considered: 
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Exposure assessment : parameters 

 Lifetime span and age groups: 
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Exposure assessment : parameters 

 Morphological characteristics (« Quebec-specific ») 

 Body weight (BW): from ISQ  

 

 

 

 

 

 

 

 

 Body height (BH): from ISQ  

 0,239×BH0,417 ×BW0,517  
 

      MONTE CARLO SIMULATIONS 
 

 
      Body surface area 
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Exposure assessment : parameters 

 Body surface area (« Quebec-specific ») : 

 % per body part : 
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Exposure assessment : parameters 

 Exposure rates: 

 Inhalation; 

 Ingestion of drinking water 

 Food ingestion 

 Soil ingestion 

 Dermal contact with soil and water 
 

 Deterministic value to be used (mean, median or 

75th percentile) 

 Probabilistic value to be used, for some 

parameters 
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Exposure assessment : parameters 

 Inhalation: adaptation of the data described by 

Brochu et al. 2006 
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Exposure assessment : parameters 

 Ingestion of drinking water:  

 Adults: Caron et al., 2004 

 Others: Richardson, 1997 

 

Milk formula 
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Exposure assessment : parameters 

 Food ingestion:  

 Processing of Quebec’s raw data obtained from CCHS 

(C. Blanchet); completed with US EPA’s data 

(newborns)  

 Population average consumption vs « eaters only »; 

 9 categories: 

 Milk and dairy products 

 Meat and eggs 

 Fish and seafoods 

 Root vegetables; others vegetables 

 Cereals 

 Fruits and juices 

 Sugars; oils and nuts 
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Exposure assessment : parameters 

 Food ingestion: Ex.:  

Milk and dairy products 

 

 

 

 

  

 Fish and seafood: 

  

 

% of local food: 

 

 

 

 

   

 



29 

Exposure assessment : parameters 

 Soil ingestion: Synthesis of Stanek and 

Calabrese’s work using soil tracers: 
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Exposure assessment : parameters 

 Dermal contact: US EPA 

% of BSA exposed: 

 

 

 

   

 

Soil/skin adherence: 

   

 



Exposure assessment: main differences 
in parameters values 

Parameter/age group Values, 2002 Values, 2012 

Body weight, 0-6 mo 

Inhalation rates 

0 - 6 mo 

5 à < 12 yrs 

12 à < 20 yrs 

Drinking water ingestion rates 

0 - 6 mo 

others 

Soil ingestion rates, 0 - 6 mo 

8,2 kg 

 

4,5 m3/jr 

14,5 m3/jr 

15,8 m3/jr 

 

0,596 L/jr 

- 

85 mg/jr 

6,7 kg (-18 %) 

 

3,4 m3/jr (- 20%) 

11,6 m3/jr (- 20 %) 

18,1 m3/jr (+ 15%) 

 

0,655 L/jr (+ 10%) 

+ 20 - 25% 

150 mg/jr (- 43 %) 
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Exposure assessment : dose calculation 

 Ingestion (2002): Inhalation (2002): 

 

 
 

 Dermal contact (new, 2012. Method from IPCS):  

 Air contaminants  

 
 

 Water 

BW

FERate
D




][ FETRateD  ][

BW

FEEVSurfDA
Dabs




BW

FEKpairTSurfair
Dabs




[]

DA estimated from Kpwater and MW 

Kpair estimated from Ko:w (org.) or Kpwater (inorg.) 
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Exposure assessment : dose calculation 

 

 Dermal contact 

with soil : 

 

 

 Else (default, 

US. EPA):  

 1% (inorg.),  

 10% (org.) 

 

BW

FEAdhAbsEVSurf
D soil

abs




[]
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Risk characterization 

 Inhalation and oral route-specific carcinogenic 

risk are calculated on the basis of a lifetime 

average exposure (70 yrs) using respectively the 

inhalation unit risk (UR, (µg/m3)) or the slope 

factor (Q*, (µg/kg-d)-1). 

 

 

 Non-cancer risk are calculated per age group, 

for oral and inhalation exposure:  

*QDOSEavgRoral  URavgRinhal  ][

TRV

groupDOSEage
RI

_


RfC

groupageCONCavg
RI

__

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Risk characterization 

 Risk from dermal exposure or if TRV exist solely 

for one exposure route:  conversion of 

equivalent into another route 

 

 

Ingestion: Abs = 0,4 
10 

Blood, total = 12 Inhalation: Abs = 0,8 

10 4 8 

Ex: First-pass effect 

Oral equivalent:  

      = Ding + (Dinh  Fabs_inh/Fabs_ing) 

      = 10 + (10  0,8/0,4) = 30 

      and: 30  0,4 = 12 

 

Inhalation equivalent:  

       = Dinh + (Ding  Fabs_ing/Fabs_inh) 

       = 10 + (10  0,4/0,8) = 15 

        and: 15  0,8 = 12 

 



Prediction of the 

dose distribution 

F

r

e

q

u

e

n

c

y  

Dose 

BW(A) 

Contact rate (B) 

Contact 

frquency(C) 

Parameters of the 

exposure model 

A×B×C 
A×B×C 

A×B×C 

Use of the probabilistic approach 

 Tool to evaluate the impact of 
uncertainty/variability on a dose estimate. Usefull for 
public consultations 
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Use of the probabilistic approach 

 Deterministic approach is required at all time; 

 A probabilistic approach can be made additionally 

for certain types of projects that may concern the 

entire population of Quebec or at least a very large 

population (e.g.: WNV, fluoride in drinking water), 

but likely not for cases of local contaminated sites 

 In which case: 

 A sensitivity analysis of the deterministic model 

parameters is needed; 

 Distributions used must be those identified by the 

sensitivity analysis.  



Non-carcinogenic risk Carcinogenic risk 

Exposure, per 

age group 

Risk index, per age 

group 

Lifetime average 

exposure 

Carcinogenic risk 

Mean  SD 

50th; 95th perc. 

Mean  SD 

50th; 95th perc. 

% > 1 

Mean  SD 

50th; 95th perc. 

Mean  SD 

50th; 95th perc. 

 

e.g. 1  0.4 

mg/kg.d 

0.8; 1.8 

e.g. 0.55  0.22 

mg/kg.d 

5 % 

e.g. 1  0.4 

mg/kg.d 

0.8; 1.8 
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Use of the probabilistic approach 

     Presenting the results: 

    "Fraction of the population exhibiting and 

exposure > reference value" 

    « Range of values for 

carcinogenic risk" 

610
8.2;8.1

4.02
.. 







 
ge



CORRECTING THE 
CAVEATS IN 2002 

GUIDELINES 



40 

Caveats in the 2002 Guidelines 

 “For carcinogenic risk, the background does not need to be 

accounted for”. 

+… 

 use of incorrect expression: « carcinogenic risk » (number of 

cancer cases in excess, i.e.  attributable to the investigated 

contamination); vs « excess of carcinogenic risk“ 

    Implies substracting  the 

background [ ]… 

 [ ]  and background  = low risk 

   [ ]  and background   = low risk 

   [ ]  and background  = risk < 0!!! 

 

 Interpretation ?? 
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Caveats in the 2002 Guidelines 

 This approach generates several problems!...:  

 Implies that a greater contamination might be 

tolerated in areas where background is hign (e.g. 

industrial areas)  inequity?; 

 Implies that any additional contamination may be 

tolerated as long as background exposure is not 

exceeded  Does not support reduction of 

contamination levels 

  Is not coherent with what is considered for other 

medias (water, air).  
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Caveats in the 2002 Guidelines 

 Transparent and reasonable solution:  

 Presenting every risk for the total [ ] measured on site, 

and then compare: 

 

0.000001

0.00001

0.0001

0.001

0.01

Site > Bg, low Site > BG, high Site < BG

C
a
rc

in
o

g
e
n

ic
 r

is
k

Presentation of the carcinogenic risk attributable to a 
contaminated site, according to three hypotheses

Carcinogenic Risk, site Carcinogenic risk, BG Excess attributabke to the site
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Caveats in the 2002 Guidelines 

• Problem: consderation of 

different statistical descriptors 

for site contamination and 

background (BF) 

contamination:  
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Caveats in the 2002 Guidelines 

• Biased the risk associated to mean or median 

concentration on the site by comparing it relatively to 

a higher statistical descriptor for background 

exposure. 
 

• Correction applied: 

  Comparing the site’s concentrations with the agricultural 

criteria (slide 17, which corresponds to the average 

background); 

 If measurements are made to characterize the 

background: 

 Refer to the Ministry of environment for sampling procedure; 

 Use comparable percentiles. 

 



CONCLUSION 
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Conclusions  

 

 The 2012 Guidelines reflect data that are more 

specific to the population of Quebec 
 

 Exposure routes that were not accounted for in 

the 2002 Guidelines are now considered.  
 

  « Quebec-specific Exposure Factor 

HandbooK ». 
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Conclusions  

 Lessons were learned 

(see « Caveats ») 
  

 Modification of the 

exposure parameters to 

be used and 

presentation approach 

 greater 

uniformization and 

transparency. 
 

 Flexibility still allowed 

  

    Improvement of risk 

management without 

increasing singificantly 

the burden of work, 

once modifications will 

be integrated 



Available (in french) at : 
 http://www.inspq.qc.ca/pdf/publications/1440_LignesDirectRealEva

RisqueToxicoOrigEnviroSanteHum.pdf 
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