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Proposed Findings and Recommendations 

Purpose of Legislative Studies. Legislative studies allow for the examination of topics and issues beyond what 

is possible during a legislative session and allow for in-depth review and discussion by incorporating a wide 

range of input from those with direct experience or knowledge of the issue.   

Voting on Findings and Recommendations. Proposed findings and recommendations are subject to a vote of 

commission members.  When proposing a recommendation, members are encouraged to be as specific as 

possible and explain how the recommendation relates to the duties or objectives of the legislative study. 

A recommendation must receive support from at least 7 members to be included in the report, and a list of 

members’ votes in support of or in opposition to recommendations must be included. 
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Proposed Findings 

 Proposed Finding Consideration(s) 

1.  There is a gap between the anecdotal evidence 

and the scientific evidence on the effects of 

harmful chemical exposure at Base Gagetown.  

Proposed by Rep. Zager, Chair 

• Is there anything else the Commission wants 

to state (e.g., a reason why) regarding this 

proposed finding?  

2.  The Furlong Report has been discredited and is 

“no longer used as a vehicle to deny entitlement 

to disability pensions.” (EA-Attach-D8: Veterans 

Review and Appeal Board (VRAB) Decision 

100003729377). 

(Extract from Sample of Arguments Frequently 

Presented to VRAB, Lisa Laird, Pension 

Advocate (materials submitted for 2 October, 

2026 Commission meeting)). 

Proposed by Jan McColm 

• In addition to not being used by the VRAB, is 

there other evidence the commission wants to 

cite for the “discrediting” of the Furlong 

report? 

• Could this be added to proposed finding #1, as 

background information? If no, because this is 

distinct, expand on how this is distinct from 

proposed finding 1 (i.e., framing to focus 

more on the lack of use by Canadian Veterans 

Pensions Advocates). 

3.  Environmental health science and military experts 

have stated that it is highly probable that the CFB 

Gagetown training area is significantly 

contaminated with dioxins, hexachlorobenzene 

and heavy metals, and that some chemicals may 

remain in the soil for an extended period (e.g., Q 

& A from Dr. Dwernychuk included in “Materials 

from Members” after the meeting on 10/2/26; 

Appendix H (Peer Review) of the Furlong Report 

and “Appendix B: Limitations of the Furlong 

Report and Task 3A-Tier 1 Risk Assessment” 

from Lisa Laird, Pensions Advocate, Canada). 

Proposed by Jan McColm 

• What evidence, beyond anecdotal evidence, 

has the Commission explored this fall (as 

opposed to in the 2023 Commission) as 

evidence to this proposed finding?  

• This may provide background to proposed 

recommendation 1, rather than its own 

finding.  

• Could this be added to proposed finding #1, as 

background information? If no, because this is 

distinct, expand on how this is distinct from 

proposed finding 1 (i.e., framing to focus on 

evidence discussed by the Commission this 

year, if conclusive statements can be drawn 

based on evidence presented—i.e., studies on 

staying power of chemicals in the soil at Base 

Gagetown). 
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Proposed Findings cont’d 

 Proposed Finding Consideration(s) 

4.  The Minister of National Defense of Canada 

refers to “extensive research since the 1980s into 

the use and testing of herbicides, including Agent 

Orange, to better understand the impact of their 

use at 5 Canadian Division Support Base 

Gagetown (CFB Gagetown).” Furthermore, the 

Minister of National Defence repeats findings 

from the Furlong Report that “most people who 

lived and worked at or near CFB Gagetown were 

not at risk of exposure to herbicides. Potential 

long-term health risks were identified as a 

possibility only for those individuals directly 

involved with the application of the herbicides or 

brush clearings soon after application.” As a 

result, the Canadian National Defence “does not 

have any plans to conduct further inquiries at this 

time” given “the extensive research and 

investigations [the] National Defence has already 

conducted on the use and testing of herbicides at 

CFB Gagetown.” 

Proposed by Jan McColm 

• Consider expanding on the significance of this 

statement, if possible. If not, this may provide 

background to proposed recommendations 2, 

3, and 14 rather than its own finding. 

5.  The Commission has a list of spraying incidents 

post-1966/67. Individuals who trained at Base 

National Guard as members of the U.S. Armed 

Forces Reserve components, or Maine National 

Guard did not present to the Gagetown Harmful 

Chemical Study Commission at the public 

comment opportunity on October 2, 2026, to 

describe their experience at CFB Gagetown, their 

current situation, or their attempt to obtain 

benefits. 

Proposed by Jan McColm 

• For clarity, is the point of this to show that the 

spraying of harmful chemicals at Base 

Gagetown is not isolated to 1966 and 1967?  

• Consider expanding on the significance of this 

statement, if possible. If not, this may provide 

background to proposed recommendation 9, 

rather than its own finding.  
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Proposed Recommendations 

Continued Information Gathering by a Public Entity 

 Proposed Recommendation Consideration(s) 

1.  Recommendation 2 from the 2023 Commission:  

The Veterans and Legal Affairs committee should 

invite individuals with relevant expertise to 

review and discuss the existing reports and 

underlying data that comprise the 2007 Canadian 

Forces Base Gagetown Herbicide Spray 

Program: 1952-2004 Fact-Finders’ Report (“the 

Canadian Fact-Finders’ report”), as well as other 

related content, in order to evaluate the reports’ 

processes, methods, data and analysis and to 

determine what steps and resources would be 

required in order to either reanalyze the existing 

data or to conduct new studies. 

Proposed by Sen. Hickman, Chair 

• Does the Commission want to add anything to 

this recommendation based on the 

Commission’s work this year (e.g., see 

below).  

• Jan McColm recommends specifying the 

following individuals to speak (in connection 

with proposed finding 3): 

o An environmental scientist from 

Hatfield Consultants, someone who 

has the expertise of Dr. L. Wayne 

Dwernychuk. 

o Those who have provided peer review 

for the Furlong Report 

2.  The Commission recommends inviting experts to 

assess the harm of chemicals sprayed at Base 

Gagetown post- 1966 and 1967 to address the 

presumption of exposure.  

Proposed by Jan McColm in connection with 

proposed finding 5 

 

• Because the Commission is ending on Nov. 4, 

2026, is there another entity who may extend 

an invite to these experts? (e.g., MBVS? The 

next iteration of VLA, adding to proposed 

recommendation 1?)  

• Where will this person be invited? (e.g., to the 

next iteration of VLA, adding to the proposed 

recommendation #1? To another entity?) 

• Consider expanding on the importance of this 

recommendation (e.g., time constraints?)? 

3.  The Commission recommends inviting members  

of the National Guard to speak to the Commission 

(or have someone represent them) about their 

experience at CFB Gagetown, their current 

situation, and their attempt to obtain benefits.  

Proposed by Jan McColm in connection with 

proposed finding 5 

• Because the Commission is ending on Nov. 4, 

2026, is there another entity who may extend 

an invite to National Guard members to speak 

about their experience at CFB Gagetown, 

their current situation, and their attempt to 

obtain benefits? (e.g., MBVS? The next 

iteration of VLA, adding to proposed 

recommendation 1) 

• Expand why the Commission makes this 

recommendation (i.e., how the 

recommendation relates to the duties or 

objectives of the legislative study). 
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Proposed Recommendations cont’d 

Continued Information Gathering by a Public Entity cont’d 

 Proposed Recommendation Consideration(s) 

4.  MBVS should take the following actions to 

ensure outreach of the Base Gagetown Registry 

pursuant to 37-B MRSA §518(3).  

[follow with a list; e.g.,  

• “The Commission’s outreach ideas on the 

registry: MBVS should make posters to 

hang up at relevant sites, such as veterans’ 

organizations…”] 

Based on commission discussion at Meeting 2 

• Does this match the Commission’s discussion 

on this action? 

• Consider the action to pass along these 

recommendations (e.g., perhaps through a 

letter to MBVS).  

5.  There should be an easily understandable map of 

Gagetown showing, to the extent possible, spray 

areas by year. 

Further explanation: Veterans probably can 

remember the general vicinity of where they 

trained, and this would be helpful for the VA 

claim process. 

Proposed by Peter Ogden 

• Right now, this is written in passive voice 

(i.e., “there should be” language.) To make 

active: Who will be creating this map? (e.g., 

MBVS? Another agency?)  

o “The Commission recommends XXX 

create an easily understandable map of 

Gagetown, showing, to the extent 

practicable, the spray areas by year.” / 

“XXX should create…” / “The 

Legislature should direct XXX to 

create…” 

• How will veterans be able to submit 

information on the vicinity trained to add to 

this map? 

6.  There should be determination of whether there 

are any historical records (Operation Orders/AT 

Plans) of Maine units training at Gagetown.   

Further explanation: This information would help 

identify the actual areas where they bivouacked or 

trained.  It may be possible to request this kind of 

information from Range Control at CFB 

Gagetown, they may keep records also. 

Proposed by Peter Ogden 

 

 

• 37-B MRSA §518(3) requires MBVS to 

“work with the Maine National Guard in order 

to identify and share information regarding 

the registry with individuals who are current 

members of the Maine National Guard and 

who may have trained at or will train in the 

future at Base Gagetown.”  

• Who will be contacted to determine if there 

are any historical records of Maine units 

training at Base Gagetown? 

• Right now, this is written in passive voice 

(i.e., “there should be” language.) To make 

active: Who will make these determinations? 

Does the Commission want to suggest this to 

MBVS? If so, could this be combined with 

proposed recommendation 11? 
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Proposed Recommendations cont’d 

Continued Information Gathering by a Public Entity cont’d 

 Proposed Recommendation Consideration(s) 

7.  There should be a collection of medical data by 

type of illness from registry.  

Further explanation: This will be helpful to 

determine any trends. Maine BVS should be able 

to sort the database by illness and numbers by 

type of illnesses. 

Proposed by Peter Ogden 

• Pursuant to 37-B MRSA §518, MBVS is 

required to 1) collect and maintain this data 

(Base Gagetown Training Registry); and 2) 

report to the joint standing committee with 

jurisdiction over veterans and legal affairs on 

“any recommended next steps regarding the 

registry or the use of data collected as a part 

of the registry” (sub-§5).  

• Is the Commission recommending these 

summary statistics should be included in the 

report to the next iteration of VLA? 

• Right now, this is written in passive voice 

(i.e., “there should be” language.) To make 

active: Who will be collecting this medical 

data? (e.g., MBVS? Another agency?)  

o “The Commission recommends XXX 

collect of medical data by type of 

illness from the Base Gagetown 

Training registry.” / “XXX should 

collect medical data…” / “The 

Legislature should direct XXX to 

collect medical data…” 

Further Scientific Study 

 Proposed Recommendation Consideration(s) 

8.  The Commission recommends that there be a 

consultant hired to analyze the Canadian Fact-

Finders’ report. 

Proposed during discussion at Meeting 2 

• Right now, this is written in passive voice 

(i.e., “that there be” language.) To make active 

Who will be doing the hiring? (e.g., MBVS? 

Another agency?)  

o “The Commission recommends XXX 

hire a consultant to analyze the 

Canadian Fact-Finders’ report.” / 

“XXX should hire a consult…” / “The 

Legislature should direct XXX to hire 

a consultant…” 

• Is there any information the Commission 

wants to ensure is included when looking into 

a consultant (e.g., focus on methods, analysis, 

etc.)? 
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Proposed Recommendations cont’d 

Further Scientific Study cont’d 

 Proposed Recommendation Consideration(s) 

9.  The Canadian Government / Minister of Defence 

/ Prime Minister to conduct a fully independent 

public inquiry into the history of CFB Gagetown's 

toxic herbicide program and the Base Gagetown 

and Area Fact Finding Project/Report, with the 

purpose of establishing an accurate account of the 

chemicals used and verifying findings presented 

in the Fact-Finding Project.  

Proposed by Jan McColm in connection with 

proposed finding #4 

• Proposed to be communicated via letter. 

• Who does the Commission recommend 

writing to: the Canadian Government, 

Minister of Defence, and/or Prime Minister?  

• Does the commission recommend any 

considerations/information to be considered, 

should this inquiry be pursued by the 

Canadian government? 

9a. An independent, targeted reanalysis of existing 

data and reassessment of post-exposure and 

associated health risks is recommended, based on 

advances over the past 20 years in understanding 

of the fate, transport, and toxicity of herbicides 

used in the spraying programs at CFB Gagetown 

Proposed by Thomas Schwartz and Sampath 

Gunukula 

• Who does the Commission recommend be 

solicited to do this study (i.e., who is the 

Commission recommending the Legislature 

direct to do the study?) 

 

Correspondence – Request for Information 

 Proposed Recommendation Consideration(s) 

10.  The Minister of National Defence should make 

public all documents related to harmful chemical 

use at Base Gagetown. 

Proposed by Sen. Hickman, Chair 

• Proposed to be communicated via letter. 

• Expand why the Commission makes this 

recommendation (i.e., how the 

recommendation relates to the duties or 

objectives of the legislative study).  

11.  The Maine National Guard should gather which 

members who were sent to Base Gagetown by 

looking at training orders.  

Proposed during discussion at Meeting 2 by Dana 

Michaud, Peter Ogden and Karen St. Peter 

• 37-B MRSA §518(3) requires MBVS to 

“work with the Maine National Guard in order 

to identify and share information regarding 

the registry with individuals who are current 

members of the Maine National Guard and 

who may have trained at or will train in the 

future at Base Gagetown.”  

• Based on the law, does the Commission want 

to make this separate request to the Maine 

National Guard? 

• If this is an action of MBVS, not an ask of the 

Commission itself, could this be combined 

with proposed recommendation 6? 

• How will the Commission ask the Maine 

National Guard to gather this information 

(e.g., a letter)?  
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Proposed Recommendations cont’d 

Correspondence – Request for Recognition 

 Proposed Recommendation Considerations 

12.  Recommendation 1 from the 2023 Report: 

The United States Department of Veterans Affairs 

should provide access to medical care and 

assistance to members of the National Guard who 

have trained at the Canadian military support base 

in Gagetown, New Brunswick, Canada and who 

have been diagnosed with a condition or illness 

associated with exposure to tactical herbicides or 

exposure to other dioxins. 

Based on Commission discussion at Meetings 1 

and 2 

• Resend a letter to the United States 

Department of Veterans Affairs?  

• Contingent on the discussion at Meeting 3, 

resend letter to federal delegation?  

• The letters can reiterate the importance of this 

recognition by asking Congress to request that 

the department “to review the most recent 

scientific reports on the effects to human 

health of exposure to dioxins, to conduct 

independent environmental sampling and 

analysis at Base Gagetown related to dioxins 

and risks to human health, and to examine 

health outcomes for individuals who have 

trained there?” 

• See letter sent to VA and federal delegation in 

Meeting 1 materials. 

13.  The Canadian Minister of National Defence 

should identify how the National Defence intends 

to remediate “sites formally impacted by military 

activities” and “proactively” mitigate the 

environmental impacts of its current military 

activity if the National Defence has previously 

stated it does not, given the evidence, believe that 

chemicals were, and are not, harmful to those 

working or living on the CFB Gagetown Base. 

Proposed by Jan McColm in connection with 

proposed findings 3 and 4 

• Expand why the Commission makes this 

recommendation (i.e., how the 

recommendation relates to the duties or 

objectives of the legislative study). 

• This is proposed to be communicated via 

letter. 

• Proposed reasoning from Jan McColm: “This 

is of significant importance because the 

National Guard continue to train at Gagetown, 

and because of the development plan, 

including additional homes, on the 

contaminated Base Gagetown site.” 

Miscellaneous 

 Proposed Recommendation Considerations 

14.  The Commission recommends continuing the 

work of the commission because the allotted 

meetings are not enough. 

Proposed by Jerry DeWitt 

• Because the Commission ends on Nov. 4, 

2026, how does the Commission want to 

ensure the work is continued?  

• Are there any recommended actions the 

commission wants to take on whoever 

continues this work moving forward? 

 

Other action items that are not necessarily recommendations (but can just be done): 

• Send the recommendations of the report to Canada.  
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Table of Contents: Background Materials 

Overview 

 Material Source 

1.  Overview of Problem: Harmful Chemical Exposure at 
Base Gagetown 

Provided by the Office 
of Policy and Legal 
Analysis 

2. Gagetown Harmful Chemical Study Commission Report 
(January 2024) 

Provided by the Office 
of Policy and Legal 
Analysis 

3. ** Substance Profile: “2,3,7,8-Tetrachlorodibenzo-p-dioxin” Report on 
Carcinogens, Fifteenth 
Edition (December 
2021) 

4.  Substance Profile: “Hexachlorobenzene” Report on 
Carcinogens, Fifteenth 
Edition (December 
2021) 

5. Canadian National Defence: “ARCHIVED – The Use of 
Herbicides at CFB Gagetown from 1952 to Present Day” 
–  

Canadian National 
Defence (last updated 
December 13, 2018) 

Selections from “CFB Gagetown Herbicide Spray Programs: 1952 - 2004 Fact Finders' 
Report” (Furlong 2007) 

 Material Source 

6. Selection from “Task 3A-1: Toxicological Risk 
Assessment Pertaining to Potential Occupational and 
Related Exposures Associated with Herbicide Spraying 
Operations at CFB Gagetown – Tier 1 – 1966-67 U.S. 
Trials – Manufacturing Impurities (Contaminants)” 

Cantox Environmental 
(July 2006) 

 

7. “Summary” and “Further Research” sections from “CFB 
Gagetown Herbicide Spray Programs: 1952 - 2004 Fact 
Finders' Report” 

Dr. Dennis Furlong 
(2007) 

8.**  Appendix H: “Peer Review Comments, Health Canada 
Comments and Cantox Environmental Response to 
Comments” 

Peer Review: Michalek 
et al. (2006 June 23) 
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Information published by the United States Department of Veterans Affairs 

 Material Source 

9.  United States Department of Veterans Affairs: “Agent 
Orange Exposure and Disability Compensation”  

United States 
Department of 
Veterans Affairs 
(updated September 
15, 2025) 

10.  United States Department of Veterans Affairs: “The 
PACT Act and Your VA benefits” 

United States 
Department of 
Veterans Affairs 
(updated June 2, 2026) 

Media Coverage 

 Material Source 

11. Article: “60 years ago, Agent Orange was sprayed at CFB 
Gagetown. Vets want to know: are toxins still in the 
soil?”  

CBC (June 18, 2026) 

12. Petition 451-00899 (Environmental): Petition to the 
Canadian Government to conduct an inquiry into the 
history of CFB Gagetown's toxic herbicide program and 
the Base Gagetown and Area Fact Finding 
Project/Report 

Shared by commission 
member Jan McColm  

Materials from Commission Members 

 Material Source 

13. Example of National Guard Compensation for Training 
at Base Gagetown 

Shared by commission 
member Karen St. 
Peter 

14. ** “Sample of Arguments Frequently Presented to 
[Veterans Review and Appeal Board] VRAB” 

Provided by Jan 
McColm, from, then 
Acting Director of 
Appeals for the Bureau 
of Pensions Advocates 
in Canada, Lisa Laird 

15. ** “Appendix B: Limitations of the Furlong Report and Task 
3A-Tier 1 Risk Assessment” 

Provided by 
commission member 
Jan McColm, from 
Pensions Advocate Lisa 
Laird 
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Materials from Commission Members (cont’d) 

 Material Source 

16. ** “Exhibits frequently filed with the Veterans Review and 
Appeal Board” 

Provided by 
commission member 
Jan McColm, from 
Pensions Advocate Lisa 
Laird 

17. ** Article: “Ex-soldier says he watched barrels of Agent 
Orange being buried at Gagetown base” 

CBC (May 23, 2018); 
shared by commission 
member Dana 
Michaud 

18. ** SI/2007-87, “Testing of Unregistered US Military 
Herbicides, including Agent Orange, at CFB Gagetown Ex 
Gratia Payments Order” (current to September 21, 
2026) 

Canadian Minister of 
Justice, shared by 
commission member 
Jan McColm 
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Hexachlorobenzene
CAS No. 118-74-1

Reasonably anticipated to be a human carcinogen
First listed in the Third Annual Report on Carcinogens (1983)
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Carcinogenicity
Hexachlorobenzene is reasonably anticipated to be a human carcin-
ogen based on sufficient evidence of carcinogenicity from studies in 
experimental animals. 

Cancer Studies in Experimental Animals

Oral exposure to hexachlorobenzene caused tumors in several ro-
dent species and at two different tissue sites. Dietary administration 
of hexachlorobenzene caused liver tumors (hepatocellular tumors) 
in female rats and mice and in hamsters of both sexes. In hamsters of 
both sexes, it also caused blood-vessel tumors in the liver (hemangio-
endothelioma) and benign thyroid-gland tumors (follicular-cell ade-
noma) (IARC 1979, Smith and Cabral 1980). 

Since hexachlorobenzene was listed in the Third Annual Report 
on Carcinogens, additional studies in rats have been identified. Di-
etary exposure caused benign and malignant liver tumors (bile-duct 
adenoma and hepatocellular carcinoma) and benign blood-vessel tu-
mors in the liver (hemangioma) in females and benign kidney tumors 
(adenoma) in both sexes. Perinatal exposure to hexachlorobenzene 
followed by dietary exposure for up to 130 weeks caused benign liver 
tumors (hepatocellular adenoma) in females, benign parathyroid-
gland tumors (adenoma) in males, and benign adrenal-gland tumors 
(pheochromocytoma) in both sexes (IARC 1987, 2001). 

Cancer Studies in Humans

At the time hexachlorobenzene was listed in the Third Annual Report 
on Carcinogens, no epidemiological studies had evaluated the rela-
tionship between human cancer and exposure specifically to hexa-
chlorobenzene. Since then, several case-control studies, mostly of 
breast cancer, have been published. The International Agency for Re-
search on Cancer concluded that there was inadequate evidence in 
humans for the carcinogenicity of hexachlorobenzene (IARC 2001). 
No association between exposure to hexachlorobenzene and breast 
cancer risk was found in five small case-control studies or three larger 
studies that assessed hexachlorobenzene exposure by measuring it in 
biological samples obtained close to the time of breast-cancer diag-
nosis. In a fourth large study, which assessed exposure from banked 
serum samples collected prior to diagnosis, breast-cancer risk was 
higher among women with higher serum concentrations of hexa-
chlorobenzene than among women with the lowest serum concen-
trations, based on sampling close to the time of diagnosis; however, 
no dose-response relationship was observed. No significant associ-
ations between serum hexachlorobenzene concentration and risk of 
cancer at other tissue sites were found; however, only one study was 
available for each tissue site. 

Since the IARC (2001) review, a number of additional studies 
have been conducted, mainly of breast cancer and non-Hodgkin lym-
phoma (NHL). Two studies reported significantly higher serum hexa-
chlorobenzene levels in women with breast cancer than in control 

subjects (Charlier et al. 2003, 2004), but four other studies found no 
significant association between serum hexachlorobenzene level and 
breast cancer (Lopez-Carrillo et al. 2002, Pavuk et al. 2003, Iwasaki 
et al. 2008, Itoh et al. 2009). One study of NHL found a significant 
dose-related risk associated with serum hexachlorobenzene (Spinelli 
et al. 2007), and two studies found a significantly increased risk among 
patients with high Epstein-Barr virus antibody titers (also associated 
with NHL) (Hardell et al. 2001, 2009). However, no association with 
NHL was observed in a study using banked serum samples collected 
up to 20 years prior to diagnosis and analyzed for hexachlorobenzene 
(Cantor et al. 2003) or in a multicenter study of lymphoma patients 
using blood levels of hexachlorobenzene measured close to the time 
of diagnosis (Cocco et al. 2008). 

Properties
Hexachlorobenzene is a chlorinated aromatic hydrocarbon that exists 
as a white needle-like crystalline solid at room temperature (HSDB 
2010). It is practically insoluble in water, sparingly soluble in cold al-
cohol and carbon tetrachloride, and soluble in benzene, chloroform, 
ether, and carbon disulfide. It is stable under normal temperatures 
and pressures (Akron 2010). It is combustible but it does not ignite 
readily. When hexachlorobenzene decomposes, it emits highly toxic 
fumes of hydrochloric acid, other chlorinated compounds, carbon 
monoxide, and carbon dioxide. Physical and chemical properties of 
hexachlorobenzene are listed in the following table.

Property Information

Molecular weight 284.8
Density 2.044 g/cm3 at 23°C
Melting point 231.8°C
Boiling point 325°C
Log Kow 5.73
Water solubility 4.7 × 10–6 g/L at 25°C
Vapor density relative to air 9.83
Source: HSDB 2010.

Use
No commercial uses of hexachlorobenzene as an end product in the 
United States were identified (ATSDR 2002). Previously, it was used 
as a seed-treatment fungicide for onions, sorghum, wheat, and other 
grains (IARC 1979). All registered pesticide uses in the United States 
were voluntarily cancelled in 1984 (ATSDR 2002). Hexachloroben-
zene was also used as a chemical intermediate in dye manufacturing, 
in the synthesis of other organic chemicals, and in the production of 
pyrotechnic compositions for the military. It was used as a raw ma-
terial for synthetic rubber, as a plasticizer for polyvinyl chloride, as a 
porosity controller in the manufacture of electrodes, and as a wood 
preservative (IARC 1979, ATSDR 2002). 

Production
Commercial production of hexachlorobenzene in the United States 
was first reported in 1933 (IARC 1979). In 1975, 3,200 lb of hexachlo-
robenzene was produced, but it has not been produced commercially 
in the United States since the late 1970s. In 1972, an estimated 2.5 
million to 4.9 million pounds of hexachlorobenzene was produced 
in the United States as a by-product of production of other chlori-
nated solvents and pesticides such as tetrachloroethylene, trichlo-
roethylene, carbon tetrachloride, vinyl chloride, atrazine, propazine, 
simazine, pentachlorophenol, chlorothalonil, and pentachloronitro-
benzene. In addition, hexachlorobenzene may be formed during com-
bustion of municipal waste or in waste streams from chlor-alkali and 
wood-preserving plants (IARC 1979, ATSDR 2002). 
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In 2002, nine U.S. chemical companies produced hexachloroben-
zene for on-site use and processing, as a by-product, or as an impu-
rity (ATSDR 2002). In 2009, hexachlorobenzene was available from 
19 suppliers worldwide, including 13 U.S. suppliers (ChemSources 
2010). U.S. imports of hexachlorobenzene totaled about 5,400 lb in 
1977 and 38,000 lb in 1982 (ATSDR 2002, HSDB 2010). 

Exposure
Although hexachlorobenzene is no longer used in the United States, 
it is highly persistent in the environment and highly resistant to deg-
radation; therefore, the general population may be exposed at low 
concentrations (ATSDR 2002). When hexachlorobenzene is released 
to the environment, it may be taken up by plants and animals and 
can bioaccumulate through the food chain. Hexachlorobenzene has 
been detected in terrestrial, freshwater, and marine food chains in 
the Great Lakes and Arctic regions. Populations with the greatest po-
tential for exposure include those who ingest fish caught from con-
taminated water bodies or who reside near former manufacturing 
or waste-disposal sites.

Evidence that people living in the United States, as well as other 
countries, still are exposed to hexachlorobenzene comes from stud-
ies that have detected it in the blood of numerous groups of people, 
especially indigenous populations of Arctic regions, in the blood and 
breast milk of pregnant and lactating women, and in the placenta and 
cord blood. The 2009–2010 National Health and Nutrition Exami-
nation Survey found mean lipid-adjusted serum hexachlorobenzene 
levels ranging from about 7 to 13 ng/g of lipid in men across differ-
ent age, race, and ethnic groups and about 6 to 23 ng/g in women; 
the highest level (23 ng/g) was found among Hispanic women over 
the age of 60 (CDC 2018). 

Organochlorine compounds were found in maternal blood in cir-
cumpolar populations in Greenland, Canada, Alaska, Norway, Swe-
den, Iceland, Finland, and Russia (Van Oostdam et al. 2004). In Arctic 
Canada, hexachlorobenzene was detected in all samples of maternal 
blood, and at higher concentrations in blood from Inuit women than 
from Caucasian women in the region. Cord-blood plasma concentra-
tions showed a similar trend (Butler Walker et al. 2003). Breast-milk 
concentrations of hexachlorobenzene were elevated in populations 
of women who ate contaminated local fish in New York State and 
Finland (Greizerstein et al. 1999, Kostyniak et al. 1999, Fitzgerald et 
al. 2001, Damgaard et al. 2006). Hexachlorobenzene was found in 
all blood samples from pregnant women in an agricultural commu-
nity in California (Fenster et al. 2006). The diet of the Inuit popula-
tion in Greenland was studied to determine the source of the high 
and increasing concentration of hexachlorobenzene. The blood lev-
els of hexachlorobenzene in Greenland Arctic populations appeared 
to correlate with consumption of meals containing seal and whale 
(Deutch et al. 2004, 2006). Hexachlorobenzene was detected in all ad-
ipose tissue samples collected at autopsy from Greenlanders (Dewailly 
et al. 1999). Hexachlorobenzene was detected in 98% of the blood 
samples collected from Akwesasne Mohawk youth living along the 
St. Lawrence River in New York State and Quebec; levels were some-
what higher in youths who had been breastfed as infants (Schell et al. 
2003). In a study of consumers of sport fish in New York State, the 
mean blood hexachlorobenzene concentration was not significantly 
greater than that of nonconsumers of sport fish (Bloom et al. 2005). 

In dietary surveys conducted by the U.S. Food and Drug Admin-
istration (FDA), the frequency at which hexachlorobenzene was de-
tected in foods declined from 9% in the early 1980s to less than 2% 
in 1994 (ATSDR 2002). Consequently, the U.S. average daily intake 
of hexachlorobenzene through foods declined by a factor of 5 over 
this period. In the FDA Total Diet Study, hexachlorobenzene was de-

tected in 229 of 1,748 samples (13%) of 42 different foods; the high-
est concentration was found in butter (FDA 2006).

According to the U.S. Environmental Protection Agency’s Tox-
ics Release Inventory, environmental releases of hexachlorobenzene 
ranged from over 1 million pounds in 1989 and 1991 to a low of about 
12,600 lb in 1997. In 2008, 49 facilities released at total of 50,636 lb of 
hexachlorobenzene, mostly to on-site and off-site landfills. The ma-
jority of releases came from 5 facilities, and 12 facilities reported re-
leases of more than 100 lb (TRI 2010). When hexachlorobenzene is 
released to air, it tends to remain mainly in the vapor phase and can 
therefore be transported great distances (for example, from temper-
ate to polar regions). When released to water, hexachlorobenzene is 
strongly adsorbed to particles and sediment and is not degraded or 
hydrolyzed (ATSDR 2002). In the Great Lakes region, hexachloro-
benzene was found in drinking and surface water and, at higher lev-
els, in soil and sediment. In 1972, it was detected in agricultural soils 
where it had been used as a pesticide, at lower levels in urban soils, 
and at higher levels in soils near uncontrolled hazardous-waste sites. 
It was found at high concentrations in sediments near industrial sites 
at Galveston Bay, Texas (ATSDR 2002).

The National Occupational Exposure Survey (conducted from 
1981 to 1983) estimated that 1,038 workers at 10 facilities, including 
26 women, potentially were exposed to hexachlorobenzene (NIOSH 
1990). The largest numbers of exposed workers were chemical tech-
nicians (467 workers) and their supervisors (187 workers). Occupa-
tions with the highest potential for past exposure included fungicide 
application, organic-chemical synthesis, synthetic-rubber produc-
tion, seed disinfection, pesticide production, and wood preservation. 

Regulations
Department of Transportation (DOT)
Hexachlorobenzene is considered a hazardous material, and special requirements have been set for 

marking, labeling, and transporting this material.

Environmental Protection Agency (EPA)
Clean Air Act
National Emission Standards for Hazardous Air Pollutants: Listed as a hazardous air pollutant.
New Source Performance Standards: Manufacture of hexachlorobenzene is subject to certain provisions 

for the control of volatile organic compound emissions.
Urban Air Toxics Strategy: Identified as one of 33 hazardous air pollutants that present the greatest 

threat to public health in urban areas.

Clean Water Act
Effluent Guidelines: Chlorinated benzenes are listed as a toxic pollutant.
Water Quality Criteria: Based on fish or shellfish and water consumption = 0.000079 μg/L; based on 

fish or shellfish consumption only = 0.000079 μg/L.

Comprehensive Environmental Response, Compensation, and Liability Act
Reportable quantity (RQ) = 10 lb.

Emergency Planning and Community Right-To-Know Act
Toxics Release Inventory: Listed substance subject to reporting requirements.

Resource Conservation and Recovery Act
Characteristic Hazardous Waste: Toxic characteristic leaching procedure threshold = 0.13 mg/L.
Listed Hazardous Waste: Waste codes for which the listing is based wholly or partly on the presence of 

hexachlorobenzene = U127, F024, F025, K016, K018, K030, K042, K085, K149, K150, K151.
Listed as a hazardous constituent of waste.

Safe Drinking Water Act
Maximum contaminant level (MCL) = 0.001 mg/L.

Food and Drug Administration (FDA, an HHS agency)
Maximum permissible level in bottled water = 0.001 mg/L.

Guidelines
American Conference of Governmental Industrial Hygienists (ACGIH)
Threshold limit value – time-weighted average (TLV-TWA) = 0.002 mg/m3.
Potential for dermal absorption.
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Introduction:

This review was conducted in accordance with the Terms of Reference for the Peer 
Review of The Toxicological Risk Assessment Pertaining to Potential Occupational and 
Related Exposures Associated with Herbicide Spraying Operations at Canadian Forces 
Base (CFB) Gagetown from 1952 to Present: Task 3A.1, Tier 1, a document prepared by 
Health Canada describing the peer review process for risk assessment reports addressing 
human exposures and potential health hazards associated with 2,3,7,8-tetrachlorodibenzo-
p-dioxin and hexachlorobenzene, two manufacturing impurities present in herbicides 
sprayed at CFB Gagetown for three days in June 1966 and four days in June 1967. 

Overall Comments: 

The report appears to summarize a well-researched and scientifically defensible 
assessment of potential health risks.  Cantox has demonstrated a high degree of creativity 
and knowledge in their application of the various scientific tools available for the 
estimation of risks from the contaminants of concern.  Notwithstanding the above, several 
issues should be resolved prior to giving full endorsement of the methods, results, and 
conclusions. 
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Assessment:

Our overall opinion is that the report is acceptable with major revision (as outlined). 

Major Issues: 

1) Exposure Estimates 
 
Issue:
From our perspective, there does not appear to be enough information provided to arrive 
at the same exposure estimates that are reported in Tables 5-12 to 5-17.  We have tried to 
verify the estimated exposures in �ng/kg bw� and have not been able to arrive at the same 
values.  More specifically, when we completed the exposure calculations using the 
supplied information, we arrived at different exposure estimates for the following 
receptors: 

Mixer/Loader Accident 1966 Scenario: Using the Cantox data and equations to 
the fullest extent possible, our estimate for high end exposure to PCDD is 7,300 
ng/kg/day (for 3 days) versus 5,100 ng/kg (presumably for each of 3 days but this 
is not specified) estimated by Cantox.  For HCB, our estimate for central 
exposure is 5,600 ng/kg/day (for 3 days) versus 394 ng/kg (presumably for each 
of 3 days) estimated by Cantox.  The Appendix provides the assumptions that 
were used in our worked example calculations. 

 
Mixer/Loader Routine 1967 Scenario: Using the Cantox data and equations to the 
fullest extent possible, our estimate for high-end exposure to PCDD is 0.042 
ng/kg for each day versus 0.77 ng/kg (presumably for each day) estimated by 
Cantox.  The Appendix provides the assumptions that were used in our worked 
example calculations. 

 
Field Scout 1967 Scenario: Using the Cantox data and equations to the fullest 
extent possible, our estimate for high-end exposure to PCDD is 2 ng/kg/event 
versus 0.030 ng/kg/event estimated by Cantox.  The Appendix provides the 
assumptions that were used in our worked example calculations. 

 
It is stressed that it is possible that we have erred in our review but these and all other 
calculations in the report should be resolved prior to finalization of the report.  In making 
these calculations, we found ourselves having to guess at certain assumptions or 
parameter values and it is possible that further clarification by Cantox would provide the 
reasons why we could not reproduced their exposure estimates.  Of fundamental 
importance to the entire assessment, we did not have access to the PHED database and so 
were unable to check the PHED Unit Exposure Values summarized in Tables 5-6, 5-7 
and 5-8.  We suggest that Cantox show by example how they arrived at the some of the 
values in these critical tables. 
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Recommendation:
It is recommended that: 

Cantox review all of their calculations to ensure that no errors were made; 
 

Cantox should provide worked examples of their calculations (perhaps in an 
Appendix) showing the detail of their calculations, assumptions, and parameter 
values, for each of the receptors; and 

Cantox should ensure that all parameter values used in the formulae are provided 
in a separate table so that, together with the worked examples, any reader can 
reproduce their results. 

Illustrate by example the determination of some of the PHED Unit Exposure 
Values summarized in Tables 5-6, 5-7 and 5-8. 

 
2) Background Exposure Estimates 

 
Issue:
An article by Lorber (2002) has suggested that average background dioxin-TEQ serum 
lipid concentrations in the US were between 50 ppt and 80 ppt during the 1970�s whereas 
Cantox has used a value of 21.8 ppt.  It is unclear if the Lorber paper is more accurate 
than the Cantox estimate and/or perhaps included other considerations.  Nevertheless, if 
the Lorber value was used in the assessment, it is possible that appreciably different 
results would have been found (e.g., values in Table 7-1 would need to be revisited).   
 
Recommendation:
It is recommended that Cantox review the Lorber (2002) paper and any other data that 
may relevant to serum lipid concentrations around the time of the exposure events.  If 
revised background exposure estimates are recommended, the interpretation of the risk 
assessment may need to be revisited. 
 

3) Inclusion of Dioxin-Like PCBs in Background Exposure Estimates 
 
Issue:
Somewhat related to the above, it is possible that dioxin-like PCBs may have contributed 
to the typical background exposures that receptors may have been receiving at the time of 
the spraying events.  In some cases, dioxin-like PCB exposures may contribute 
appreciably and, thus, should possibly be considered or discussed in the Cantox report. 

Recommendation:
It is recommended that Cantox review and comment on whether inclusion of dioxin-like 
PCB data may have altered their results and conclusions. 
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4) Risk Calculations 

Issue:
If exposure estimates are found to require recalculation, then the Cantox risk estimates 
provided in Tables 7-2 to 7-24 and Figures 7-1 to 7-5 may need to be revisited.  
Currently, the risk estimates are reproducible only if the exposure estimates presented in 
earlier tables are accurate.   

Recommendation:
Based on the outcome of the re-evaluation of exposure estimates, it is recommended that 
Cantox re-evaluate the risk calculations. 
 
      5)         Discussion
 
Issue:
Stakeholders, health officials, and policy makers will want to know how these risks 
compare with those experienced by individuals in other cohorts, such as victims of the 
Seveso accident, industrial workers who made herbicides, agricultural workers who 
sprayed herbicides, or U.S. Air Force veterans of Operation Ranch Hand, the unit 
responsible for spraying Agent Orange and other herbicides in Vietnam. 

Recommendation:
Expand Chapter 9 to put the risk estimates into perspective by comparing some of the 
CFB Gagetown risks with those that may have been experienced by individuals in other 
cohorts.  Strengthen the discussion by mentioning that the high Mixer/Loader exposure 
estimates (some exceed baseline by 80 times) are consistent with your simulation 
(summarized in Appendix D) and with exposure estimates in Ranch Hand ground crew.  
The Ranch Hand ground crew loaded spray tanks in aircraft with Agent Orange and other 
herbicides and so functioned in some ways like your Mixer/loader receptors [Michalek 
JE, Wolfe WH,  Miner JC, Papa TM and Pirkle JL.  Indices of TCDD exposure and 
TCDD body burden in veterans of Operation Ranch Hand.  Journal of Exposure Analysis 
and Environmental Epidemiology 1995;5(2):209-223]. 
 

6)       Executive Summary 

Issue:
Many readers will immediately look for the bottom line (on page ix) and will seek 
confirmation that the overall interpretations in the Executive Summary are consistent 
with material presented later.  As currently written, the executive summary on page ix is 
not written with as much conviction as the bulleted items on pages 92 and 93. 
 
Recommendation:
Replace the current six bulleted items on page ix of the Executive Summary with the 
eight bulleted items from pages 92 and 93.   
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Point-by-Point Review: 

Report Title: It may be unavoidable but the report title is long and complex.  If possible, 
a more concise title may be useful. 

ES-2.0, Page ii, item 4:  Replace �include� with �included�. 

Figure ES-1, Page iii and Figure 2-1, page 3: Black and white copes of the report do not 
show areas in �blue� and �green�. It should be ensured that a color copy of this figure is 
provided in the version of the report that is circulated to stakeholders. 
 
ES-4.0, Page v, item 1, first sentence: Replace �individuals are responsible� with 
�individuals were responsible�. 
 
ES-4.0, Page v, item 1, third sentence: Replace �may come� with �may have come�. 
 
ES-4.0, Page v, item 2, first sentence: Replace �individuals are responsible� with 
�individuals were responsible�. 
 
ES-4.0, Page v, item 2, third sentence: Replace �may be exposed� with �may have been 
exposed�. 
 
ES-4.0, Page v, item 3, first sentence: Replace �individuals are responsible� with 
�individuals were responsible�. 
 
ES-4.0, Page v, item 3, second sentence: Replace �may come� with �may have come�. 
 
ES-4.0, Page v, item 4, first sentence: Replace �may spend� with �may have spent�. 
 
ES-4.0, Page v, item 4, second sentence: Replace �may come� with �may have come�. 
 
ES-4.0, Page v, item 4, third sentence: Replace �accidentally be sprayed� with 
�accidentally have been sprayed�. 
 
ES-4.0, Page v, item 5, first sentence: Replace �may live� with �may have lived� and 
�occasionally use� with �occasionally used�. 
 
ES-4.0, Page v: On this page and also elsewhere in the report the term 
�Mixer/Loader/Applicator� is used as if it was one receptor when in the risk calculations 
Cantox separately estimated risks for the �Mixer/Loader� and then the �Applicator�. It is 
suggested that the term �Mixer/Loader/Applicator� not be used as a single group or if it 
is, exposure and risk calculations should be summed for all of these activities to more 
accurately reflect this group (also see Section 4.2, page 13). 
 
ES-4.0, Page v: Off-site civilians should not be in a bulleted list is introduced as �the 
following groups of people were assessed� (since it is clear they were not assessed in 
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TIER 1).  We suggest that you mention in a separate paragraph that this group will be 
addressed in the TIER 2 and 3 assessments. 

ES-5.0, page vi: It would be helpful to summarize the exposure routes and scenarios that 
were evaluated.  We suggest that you expand the paragraph to mention the dermal and 
inhalation routes in the routine and accidental exposure scenarios that you develop in 
Chapter 7. 

ES-6.0, Page vii, paragraph beginning �Based on epidemiological evidence��, first 
sentence: Replace �link� with �association�. 

ES-6.0, Page vii, paragraph beginning �There is only limited evidence�� first sentence: 
Replace �link� with �association�. 

ES-6.0, Page vii, paragraph beginning �There is only limited evidence�� sixth item: 
Replace �mellitis� with �mellitus�. 

ES-6.0, Page viii, paragraph beginning �There is inadequate ��: Replace �link� with 
�association�. 

ES-7.0, Page ix.  Replace the six bulleted items in this section with the eight bulleted 
items on pages 92 and 93.  Revise the paragraph beginning �The mixer/loader/applicator, 
�� to introduce the eight bulleted items from pages 92 and 93. 

Section 2.0, Page 4: Demaree and Creager (1968) reference is cited as Demaree and 
Creager (1968a) in reference section. 

Section 2.0, Page 5: Is any information available on weather conditions during the 
spraying event?  We are not sure if this would affect any exposure estimate but it could 
be presented or at least mentioned. 

Section 2.0, Pages 5 and 6: Number of gallons of active ingredient used per acre does not 
seem to be provided but would be useful in these locations. 
 
Section 2.0, Page 6: Third line from top of page, �hcbcontaminant� should be �HCB 
contaminant�. 
 
Tables 2-1 and 2-2, Page 6: Do concentrations presented in �ppm� refer to mass:mass 
(i.e., mg/kg) or mass:volume (i.e., mg/L)?  Have appropriate corrections for density been 
completed if the latter is the case (these would be important to subsequent exposure 
calculations)?  For example, in the case of PCDD in 2,4,5-T, 45 mg/kg would correspond 
to 81 mg/L (if a density of 1.8 g/mL was assumed) while 45 mg/L would correspond to 
25 mg/kg.  These are important values used in the exposure equations and it should be 
verified whether  �ppm� referred to �mg/kg� or �mg/L� and that they were used 
appropriately in the risk assessment.  The resolution of �ppm� as mass:mass or 
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mass:volume should be clearly specified in the paragraph preceding Tables 2-1 and 2-2 
because �ppm� appears throughout the report. 

In these tables, it may also be useful to indicate whether or not the concentration value 
provided represents a mean or maximum value (since a combination of values are 
provided). 

Finally, it may be important to specify if these concentrations are specific to the herbicide 
or the active ingredient in the herbicide.  For example, does 45 ppm represent the 
concentration of TCDD in 2,4,5-T? Or does it represent the concentration in Agent 
Orange?  Some of the information provided later in the report would suggest the former 
but this should be specified.  Does this potentially affect exposure calculations for the 
Mixer/Loader spill scenario? 

Section 3.3.1, Page 9, paragraph beginning �Where available ��, last sentence, �RfC� is 
probably �Reference Concentration�, please define parenthetically. 
 
Section 3.4, Page 10: Perhaps present the equation for Exposure Ratio or Hazard 
Quotient as one or the other (but not both, since it could be a bit confusing for some).  
Also, in the example equation the units are provided as � g/kg/day� while throughout the 
report exposure estimates are provided with units as �ng/kg�, �ng/kg/day�, �ng/kg/event�, 
�pg/kg�, �pg/kg/day� and �pg/kg/event�.  In order to avoid confusion, it is recommended 
that Cantox consider the following: 
 

use one of � g�, �ng� or �pg� and then primarily only that value; 
 

whenever a dose rate is provided, use terms where it is clear that rates are mass 
per kilogram body weight per day (e.g., 5,100 ng/kg bw/day) to avoid confusion 
with body concentrations that can be expressed as mass per kilogram (e.g., 5,100 
ng/kg); 

 
adopt consistent terminology for �2,3,7,8-TCDD�,  �dioxin�, �TCDD�, �TEQ�, 
�PCDD� and �dioxins� and then try to use just the one term if possible. 

 
Section 3.4, Page 10:  Here and elsewhere, it would be helpful if equations were 
numbered by chapter, using parallel notation with the figures, such as �equation 5-1�. 
 
Section 3.4.2, Page 12, paragraph beginning �The utility of the ��, sentence beginning 
�ILCR estimates�� (near the bottom): Replace �provided by comparing the cancer slope 
factor� with �provided by multiplying the cancer slope factor�. 
 
Section 4.2, Page 13, paragraph beginning �The following��: Replace �might 
encounter� with �might have encountered�. 
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Section 4.2, Page 13, paragraph beginning �The following��, item 1, first and second 
sentences: Replace �are responsible� with �were responsible� and �It is anticipated� with 
�It is assumed�. 
 
Section 4.2, Page 14, top of the page, item 2, second and third sentences: Replace �It was 
anticipated� with �It was assumed� and �It was assumed� with �It was also assumed�. 
 
Section 4.2, Page 14, item 3, first and second sentences: Replace �individuals are 
responsible� with �individuals were responsible� and �It was anticipated� with �It was 
assumed�. 
 
Section 4.2, Page 14, item 3 last sentence: Replace �impacted by the� with �contaminated 
by the�. 
 
Section 4.2, Page 14, item 4, first and second sentences: Replace �personnel are those� 
with �personnel were those� and �may spend� with �may have spent� and �It was 
anticipated� with �It was assumed� and �would come into� with �would have come into�, 
and �which have been impacted� with �which have been contaminated�. 
 
Section 4.2, Page 14, item 5, first and second sentences: Replace �individuals are those 
who may live near� with �individuals were those who may have lived near�, and �It was 
anticipated� with �It was assumed� and �which have been impacted� with �which have 
been contaminated�. 
 
Figure 4-1, Page 15, right hand side:  In the legend, Cantox should perhaps signify that 
�X� means no pathway while the checkmark notes an operable pathway.  It is also 
unclear what the brackets around the checkmark signifies in the figure. 
 
Figure 4-2, Page 16: Perhaps all receptors (not just mixer/loader) could be labeled. 
 
Section 4.3.1.2, Page 19, paragraph beginning �Since the flagger� �, second sentence: 
Replace �This may occur� with �This may have occurred�. 
 
Section 4.3.1.2, Page 19, paragraph beginning �Since the flagger��, next-to-last 
sentence: Replace �accomplished Army� with �accomplished by Army�. 
 
Section 4.3.1.2, Page 19, paragraph beginning �Additional potential exposure��, last 
sentence: Replace �these exposure will be� with �these activities will be�. 
 
Section 4.3.1.3, Page 20, paragraph beginning �Historical levels��, sentence beginning 
�As a result of��: Replace �food items may be� with �food items may have been�.  Last 
sentence: Replace �Exposure to COCs also� with �Exposure to COCs may have also�. 
 
Section 4.3.1.5, Page 20, paragraph beginning �Civilian receptors ��, second sentence:  
Replace �impacted� with �contaminated�. 
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Section 4.3.1.5, Page 20, paragraph beginning �Civilian receptors may also��, first and 
third sentences: Replace �may also be exposed� with �may also have been exposed� and 
�Impacted ground water� with �Contaminated ground water�. 
 
Section 5.1.1, Page 22:  Unsure if these historical exposure estimates correspond with 
estimates provided by Lorber (2002).  See our comment on Section 7.1, page 67. 
 
Tables 5-1 and 5-2: There are two Table 5-1�s (see pages 22 and 24) and two Table 5-2�s 
(see pages 23 and 26). 
 
Section 5.3.1.2, Page 25, top of the page, fourth line:  Replace �According SERA� with 
�According to SERA�. 
 
Table 5-2, Page 26: All acronyms (e.g., �D�, �T� and �a.i.�) should be defined in the 
table so that the table is as stand alone as possible. 
 
Tables 5-2 to 5-5, Pages 26 to 28: These tables present application rates in �g/m2� 
whereas exposure calculations use units of �lbs/acre�.  Could these be harmonized in 
some manner?  Or at least at a minimum, emphasize the conversion factor of �0.11 
g/lbs×acres/m2� on page 26. 
 
Section 5.4.1.1, Page 29, below Table 5-6, formulas for dermal routine exposure and 
inhalation from routine exposure: Please provide a literature references for this formulas.  
If Cantox derived them from first principles, please so state and give the rationale.  
Perhaps (as stated on page 23) these formulas and all other formulas used in this section 
(through page 39) are taken from reports by the PMRA, Health Canada, the US Bureau of 
Land Management, or the US Department of Agriculture.  If so, then please ignore this 
comment.  If not, please document or explain. 
 
Section 5.4.1.1, Page 29: The equations presented on this page uses several parameters 
for which it is hard to determine which values were actually selected for use by Cantox.  
Specifically, the following parameters were not easily defined when we attempted to 
confirm Cantox�s calculations: 
 

Application Rate (AR):  Tables 5-2 to 5-5 provide the AR�s but it is unclear 
which values were precisely used for the low, central and high exposure 
estimates.  
 
Area Treated (AT): It is unclear how many acres per day were assumed for the 
low, central and high exposure scenarios. 
 
Proportion of Dose Absorbed (P): Table 5-9 on page 34 apparently provides the 
values that were used but should likely be cited earlier (it is unclear to the reader 
that these values are available until 5 pages later in the report). 
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Body Weight (BW): Table 5-9 on page 34 apparently provides the value that was 
used but should likely be cited earlier (it is unclear to the reader that these values 
are available until 5 pages later in the report). 

 
A summary table that provides the actual values selected for the low, central and high 
exposure scenarios would greatly clarify the risk assessment (and allow us to confirm the 
results of the risk assessment).  (Note: This comment applies to all receptors not just 
Mixer/Loader.) 
 
Section 5.4.1.2, Page 30, paragraph beginning �In addition to��, third sentence:  
Replace �concentrate� with �herbicide mixture�. 
 
Section 5.4.1.2, Page 30: The equations presented on this page uses several parameters 
for which it is hard to determine which values were actually selected for use by Cantox.  
In addition to the need to identify the previously mentioned parameters, the following 
parameters were not easily defined when we attempted to confirm Cantox�s calculations: 
 

Spill Amount (S): Unclear what the reference is for 0.5 L/day 
 
Concentration of PCDD or HCB in Concentrate (AC): Unclear which values of 
these chemicals were used in units of �g/L� 

 
A summary table that provides the actual values selected for the low, central and high 
exposure scenarios would greatly clarify the risk assessment (and would also allow us or 
any other reader to confirm the results of the risk assessment). 
 
The reference for ENSR (2005) is not provided in the reference section. 
 
Table 5-9, Page 34:  The dermal absorption factors cited on this page should be discussed 
more fully.  In particular, the proportion of absorbed dose cited by SERA (2001) could be 
discussed further since the reference for this value is not apparently available from a 
peer-reviewed journal.  It is noted that alternate values for dermal absorption are 
available which include: 
 

Health Canada (2004) Preliminary Quantitative Risk Assessment cites a relative 
dermal absorption of 0.13 for hexachlorobenzene (no value provided for PCDD 
but many organic chemicals have values cited by Health Canada that are in the 
range of 0.1 to 0.2 and, thus, are greater than the values cited in Table 5-9); and 

 
ORNL (2006) cites a dermal absorption value of 0.03 for 2,3,7,8-TCDD and 0.01 
for hexachlorobenzene. 

 
It is important to note that we are not suggesting that the above listed values are more 
appropriate for use in the risk assessment.  Instead, because it is a relatively sensitive 
parameter (i.e., dermal absorption is the major route of exposure for the Mixer/Loader 
which is the receptor driving the results of the assessment), we are suggesting that these 
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values and their derivation could be more precisely described and any uncertainties 
specified. 
 
In the case of the values cited for PCDD, it should also be clarified that these are specific 
to 2,3,7,8-TCDD rather than representing a combined PCDD value. 
The Cantox evaluation has been based on data that is specific to the general population 
(both sexes).  If it is known that only men were using the area, it may be possible to 
revise the assessment based on male-specific data.  Since Health Canada (2004) obtained 
much information from Richardson (1997) (which provides data for male, female and 
both sexes combined), it may be a relatively straightforward approach to base the risk 
assessment on male-specific endpoints.  It should be stressed, however, that we have not 
been provided with any information that suggest only males were present.  

Section 5.4.4, Page 36: The Application Rate in the Disolodgeable Residue calculation 
(note: misspelling of dislodgeable, an extra �o� is included) is in yet another different 
unit (i.e., g/m2) that is not provided in the tables.  To avoid confusion, it is 
recommended that units be used that are similar to those previously provided (or a 
conversion factor provided).  

Section 5.4.4, Page 36, formula for the transfer rate:  The log is probably base 10.  Please 
indicate the base of the logarithm. 
 
Section 5.4.5, Page 38: Providing the results of the soil and berry concentration estimates 
would be interesting and make the risk assessment more clear. 
 
Section 5.4.5, Page 38, third equation:  The units do not balance, indicating the need for a 
conversion factor.  Please check this equation. 
 
It is also not immediately clear which soil half-life values were used in the risk 
assessment or what was the absorption factor for the chemicals via berry consumption 
(i.e., should not be as low as that from soil ingestion). 

Perhaps the berry consumption rate could be provided as the number of servings per 
week. 

Section 5.4.5, Page 39, first and second equations:  The units do not balance, indicating 
the need for a conversion factor.  Please check these equations. 
 
Tables 5-12 through 5-17 Pages 41 to 44: As noted earlier, the exposure estimates 
provided in this table could not be reproduced with the information provided.  It is highly 
recommended that these exposure estimates be validated by Cantox.   
 
A separate issue is that the exposure estimates are provided as �ng/kg� or �ng/kg/event�, 
and it is recommended that the precise units be provided.  From the risk calculations, it 
appears that the units for all tables were �ng/kg bw/day� but it is not immediately obvious 
from the text.  It is recommended that units be precisely provided in all cases. 
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A discussion on why exposure estimates vary amongst the various receptors between the 
various years would also be useful. Re-iterate that the reduced exposure in 1967 are due 
to Agent Purple not being used. 

Section 6.1.2, Page 47, paragraph beginning �Wherever possible��:  Insert a blank line 
to separate this paragraph from the preceding paragraph. 
 
Section 6.2.4, Page 54-55: The chronic TDI for PCDD was chosen to be 2 pg/kg bw/day 
and is cited as Health Canada (2004; 2005).  Although we cannot confirm it, we believe 
that the TDI provided in Health Canada (2004) was a slight error and that the intended 
value should have been 2.3 pg/kg bw/day (as opposed to 2.0 pg/kg bw/day) since it cites 
the JECFA assessment.  Health Canada (2005) cited by Cantox actually provides a value 
of 2.3 pg/kg bw/day (not 2.0 pg/kg bw/day).  Although it is likely only to have a minor 
effect, it is recommended that Cantox use a value of 2.3 pg/kg bw/day (as 2,3,7,8-TCDD 
TEQs) as the chronic TDI for PCDD. 

With the above noted, the Body BurdenTRV may change from 24.2 pg/g lipid to 27.7 pg/g 
lipid if the revised chronic TDI is used.  However, since the TDI is expressed to 2 
significant figures, this would likely be rounded to 28 pg/g lipid. 

Tables 6-2 and 6-3, Page 55: As discussed earlier, it would be useful to provide dose rates 
in units that are similar to those used in earlier estimates.   
 
In the case of body burden, the units should be more explicitly indicated (i.e., �kg body 
weight�? or �pg/g lipid� to be more consistent with the Body BurdenTRV).  
 
The use of significant figures may be inappropriate in some of these tables (i.e., were 
some of the estimates in Table 6-3 really expressed to 5 significant figures?). 
 
In Table 6-3, NR should be defined. 
 
Section 6.3, Page 60, paragraph beginning �An analysis of the results��, sentence 
beginning �The only new study ��:  Please cite Akhtar F, Garabrant DH, Ketchum NS, 
and Michalek JE.  Cancer in US Air Force veterans of the Vietnam War.  Journal of 
Occupational and Environmental Medicine 2004;46(2):123-136. 
 
Section 6.3, Page 60, paragraph beginning �Studies of Vietnam veterans��, sentence 
beginning �The Ranch Hand study ��:  Please cite a reference.   
 
Section 6.3, Page 61, (first) paragraph beginning �Overall, the evidence of ��, second 
sentence:  Please cite Pavuk M, Michalek JE, and Schecter A.  Prostate cancer in US Air 
Force veterans of the Vietnam War.  J Expo Sci Environ Epidemiol. 2006 Mar;16(2):184-
90.  The relative risk was 2.27 for prostate cancer in the high dioxin category, hence the 
paragraph needs editing.  Delete the first sentence of the paragraph and rewrite the 
second sentence as �The Ranch Hand studies showed an excess of prostate cancer in 
Ranch Hand veterans with elevated dioxin levels who served prior to 1969�. 
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Section 6.3.2, Page 63, paragraph beginning �Evidence is suggestive ��, sixth bullet:  
Replace �mellitis� with �mellitus�. 

Table 6-8, Page 66: Define GM. 

Table 6-9, Page 66:  As discussed earlier, the chronic TDI for PCDD should be revised.  
In addition, the more common term throughout the document has been TDI but in this 
table RfD is being used.  It is recommended that the term TDI be used. 

With respect to the term �Body Burden� it is recommended that the term �Body 
BurdenTRV� be used.  In addition, the value provided in the table is 22.4 pg/g lipid 
whereas in prior text a value of 24.2 pg/g lipid was cited by Cantox.  In any event, a 
revised value of 28 pg/g lipid would seem to be more appropriate if a chronic TDI of 2.3 
pg/kg bw/day is adopted. 
 
Section 7.1, Page 67, formula for D near the bottom of the page:  The inversion of this 
formula appears to estimate the concentration of dioxin TEQ, not dioxin, in human tissue 
(pg TEQ/g) because the value estimated from it for the general population (at the top of 
page 68), 21.8 pg/g, is near the TEQ range previously cited on page 57, ie 22.8-32.7 ppt 
TEQ and because the ordinate of Figure 7-1 is cited as TEQ pg/kg/day.  Please clarify the 
units for the concentration of dioxin.  The half-life should be denoted as t1/2 rather than 
T1/2.  As a check on your calculation of 21.8 pg/g, we used a simple one-compartment 
first order pharmacokinetic model and an EDI value of 1.8 pg TEQ/kg/day (rounded from 
your EDI of 1.76 pg TEQ/kg/day in Table 5-1) to arrive at an estimated steady state 
concentration of 20.7 pg/g lipid, relatively close to your value.  Please comment in 
Section 5.1.1 on your EDI of 1.76 pg TEQ/kg/day, relative to the calculations 
summarized in Figure 6 of Lorber (2002).   

Section 7.1, Page 68, paragraph beginning �Using a body burden ��, please cite a 
reference for the half-life of 7.1 years.  One such is Wolfe WH, Michalek JE, Miner JC, 
Patterson DG, Needham LL and Pirkle JL.  Serum dioxin levels in Air Force Health 
Study participants preliminary report.  Morbidity Mortality Weekly Report 1988;37:309-
311.  If this citation is correct, then the half-life estimate of 7.1 years was derived from 
repeatedly measured dioxin (pg/g lipid) in Vietnam veterans, whereas the application of it 
in the subsequent formula appears to estimate pg TEQ/g lipid.  Please add text to 
reference the half-life and indicate the assumptions you have made regarding its use in 
this report. 

Section 7.1, Page 68, formula for BBo:  The units of BBo and BBB are probably TEQ 
pg/g as evidenced by the parenthetical value of 21.8 pg/g lipid.  Please indicate TEQ here 
and elsewhere in the specified units for this formula or else clarify the unit for BBo.  
Please cite a reference for the formula or explain how it was derived. 
 
The use of the 1,000-fold unit correction factor for �pg/ng� is likely unnecessary (note: it 
does not appear that this factor has actually been used in Cantox equations).    
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It is also noted that this appears to the first time that the term �ABDacute� is used.  In our 
review of the report, it was somewhat confusing and hard to exactly replicate.  It appears 
that the term �ABDacute� refers to the values provided in Tables 5-12 to 5-17 (since these 
values represent absorbed doses) and if this is the case, it should be referenced.   

It is also unclear how the term �ABDacute� accounts for exposures on multiple days.  For 
example, the Mixer/Loader under the Accident 1966 scenario was associated with a 
central estimate of 740 ng/kg bw (see Table 5-12).  As noted earlier in our request for 
clarification, no time units were provided by Cantox but it would seem that the estimate 
was 740 ng/kg bw per day (or accidental spill event) and that an accidental spill event 
would occur once per day (see page 30) for the 3 days that spraying occurred.  It is 
unclear if and how multiple spill events were considered in the calculations.  Cantox 
should clarify this issue.  
 
Section 7.1, Page 69, formula for BByear 1:  The units are probably pg TEQ/g lipid.  
Because Table 7-1 is derived from BBB (pg TEQ/g lipid) in the formula, the units cited 
in the table should be pg TEQ/g lipid.  Please fix or explain.  Please cite a reference for 
the formula or explain how it was derived. 
 
Table 7-1, Page 69: The absorbed dose column is somewhat confusing. Specifically, in 
1966, there would have been 3 days where the exposure was elevated (i.e., 3 days at 
30,016 pg/kg bw/day); however, the table appears to imply that this exposure occurred 
for the entire year. 
 
The values provided appear to be for routine exposures and no accident.  Perhaps this 
could be specifically stated. 
 
The values would change if the Lorber (2002) values were used (once again, it is not 
being suggested that these are more accurate but could be worthy of discussion since they 
are from the US EPA). 
 
The use of significant figures may be inappropriate in some of these tables (i.e., 5 
significant figures?). 
 
Acronyms (e.g., BB) should be defined. 
 
Tables 7-2 to 7-7: Risk calculations appear to match the data provided earlier; however, if 
the exposure estimates are revised based on the earlier comments, then these risk 
estimates will also change. 
 
It is noted that the acute TRVs are typically only derived for evaluation of once per 
lifetime events.  This was noted earlier by Cantox as an assumption that was reasonable 
(i.e., the same people did not participate in both 1966 and 1967 events). 
 
Figures 7-1 to7-5:  These figures work well for describing the Body Burden estimates but 
not so well for the absorbed dose rates.  Issues with the absorbed dose rates include: 
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the TDI is not accurately shown in the figures; and 
 

the dotted line seem to imply that the elevated absorbed dose rate persisted for a 
couple of years (as opposed to 3 days in some cases) 

Similar to previous comments, acronyms (e.g., BB) should be defined and previously 
used terminology (e.g., TDI, Body BurdenTRV) should be continued to be used. 

The arrows should be explained. 

Section 7.3.1, Page 81, paragraph beginning �Tables 7-11 through 7-16��.   As written, 
this paragraph conflicts with the fifth bullet on page 92.  The paragraph is certainly less 
assertive than the material on page 92 and should be revised to harmonize with the eight 
bulleted items on pages 92 and 93.   
 
Section 8.2, Page 90, sixth bullet:  The formulas used for exposure assessment appear to 
have specified a fixed half-life of 7.1 years.  Therefore �assumption of a linear half-life� 
should be changed to �assumption of a constant half-life�. 
 
Section 8.2, Page 90: As noted by Cantox, the chronic TRV for dioxin is of questionable 
relevance.  Specifically, if it was known that only men were using the area, the potential 
lack of relevance of the chronic TRV could be further discussed.  It should be stressed, 
however, that we have not been provided with any information that suggest only males 
were present. 
 
The acute TRV from the ATSDR could also be further discussed.  More specifically, it 
was based on immune suppression in mice exposed to dioxins and then challenged with 
the influenza virus.  The potential reversibility of this effect could be discussed.   
 
Section 8.3, Page 91, last bullet, first sentence:  �pg/g lipid� should be �pg TEQ/g lipid�. 
 
Section 9.0, Page 92, first bullet, second sentence:  Replace �effects would have 
occurred� with �effects will occur�. 
 
Section 9.0, Page 92, second bullet: Replace �may have experienced� with �may have 
already experienced�. 
 
Section 9.0, Pages 92 and 93:  The bulleted items on these pages should be copied into 
the executive summary as a bottom line for the report. 
 
References, Page 102:  The Ruby et al reference should be 2002, not 2004.  The citation 
of this reference on page 40 should be revised accordingly. 
 
Page A-1, paragraph beginning �According to the ��.  This is a nice calculation, leading 
to the conclusion that PCP was applied as a salt rather than as water insoluble PCP.  To 
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help the reader follow this more readily, please add the phrase �or, equivalently, 4 lb/gal� 
to the end of the third sentence. 

Table A1-1.3, Page A-3: It is unclear how the mean values were derived.  It is 
recommended that 2 or 3 significant figures be reported in the table. 
 
Page A-4, paragraph beginning �In 1971, Elvidge ��.  Is it �Bionetics� or �Biometrics�? 
 
Page A-10, paragraph beginning �Technical grade picloram ��, last sentence�  Replace 
�in the 200 region of 200 ppm� with �in the region of 200 ppm�. 
 
Page B-8, Table B1-3.3.  The Longnecker and Michalek (2000) reference appears 
inappropriate because the table is intended to summarize results in exposed individuals, 
as represented in the Fingerhut reference.  The Longnecker et al  paper described diabetes 
in control subjects of the Air Force Health Study (those who had no occupational 
exposure to herbicides).  A more appropriate reference would be Henriksen GL, Ketchum 
NS, Michalek JE and Swaby JA.  Serum dioxin and diabetes mellitus in veterans of 
Operation Ranch Hand.  Epidemiology 1997;8(3):252-258, which describes diabetes in 
the Ranch Hand sprayers and was used by the IOM to render their opinion regarding 
Agent Orange and diabetes. 

Page B-11, Table B1-3.4, last item:  Also mention spina bifida in Ranch Hand offspring.  
You might write, �A trend of increased risk of spina bifida in Ranch Hand offspring was 
found� and cite Wolfe WH, Michalek JE, Miner JC, Rahe AJ, Moore CA, Needham LL 
and Patterson Jr DG.  Paternal serum dioxin and reproductive outcomes among veterans 
of Operation Ranch Hand.   Epidemiology 1995;6:17-22. 
 
Page B-15, paragraph beginning �In the U.S. EPA�s draft ��, first sentence:  Replace 
�they have� with �researchers�. 
 
Page B-19, paragraph beginning �Charnley and Kimbrough��, first sentence: Replace 
�argues that� with �argue that�. 
 
Page B-21, paragraph beginning �The U.S. EPA ��:  It appears inconsistent to spell out 
this agency and the CDC here because these were abbreviated throughout the report up to 
this point.  We suggest maintaining the abbreviations and drop the parenthetical.  Thus, 
drop the parenthetical and replace �Centers for Disease Control� with �CDC�.  For your 
information, and not to be used here, the official name of CDC is the Centers for Disease 
Control and Prevention. 
 
Page B-22, top line:  Replace �that TCDD are largely� with �that TCDD is largely�.  This 
section points out the variation in nomenclature for 2,3,7,8 tetrachlorodibenzo-p-dioxin.  
We think the reader should be advised of this at the front of the report.  On page ii, for 
example, item 1, replace �(TCDD)� with �(TCDD, 2,3,7,8-TCDD, or dioxin)�, because 
all three of these names are used throughout the report. 
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Page B-23, paragraph beginning �Peak exposures to TCDD��, last sentence:  Replace 
�postualted� with �postulated�.  Also, to complete the thought, please extend the sentence 
to explain �inducible� means, we presume, by sequestration of TCDD in the liver by 
CYP1A2. 

Page B-25, paragraph beginning �The discrepancies between��, first sentence:  Replace 
�study among individuals� with �study in persons�. 

Page B-27, paragraph beginning �Anderson et al��: Insert a blank line preceding this 
paragraph and after this paragraph. 
 
Page B-27, bottom of the page:  This section summarizes PBPK modeling of dioxin 
elimination, concluding that use of a variable elimination rate that corresponds to enzyme 
induction provides better fits to experimental data than models that use a fixed rate of 
elimination.  Yet, on page 68 and elsewhere, you indicate that a fixed half-life of 7.1 
years was used in your calculations.  We suspect that you used a fixed half-life because 
current exposure and risk estimation methods do not accommodate a variable elimination 
rate.  Provide text to explain why you used a fixed half-life of 7.1 years. 
 
Table B1-5.1, Page B-32: It appears that the units for the column �Related human EDI� 
should have been �ng/kg bw/day� (as opposed to �pg/kg bw/day�). 

Page B-34, paragraph beginning �The U.S. EPA began��, last sentence:  As far as we 
know, Paustenbach is employed by Exponent, a consultation company for the pesticide 
industry.  You might leave the sentence as it is, or rewrite as �Pesticide industry 
consultants, Paustenbach et al 2000, have pointed to ��. 

Page B-35, paragraph beginning �U.S. EPA (2004b)��, second sentence:  Replace 
�(mg/kg/day)-1� with �(mg/kg/day)-1�.  The narrative in this paragraph is further 
complicated by a recent paper that shows an increased all-site cancer risk with dioxin in 
Air Force Health Study control subjects, nearly all of whom have background dioxin 
levels; see Pavuk M, Michalek JE, Schecter A, Ketchum NS, Akhtar FZ, Fox KA. Did 
TCDD Exposure or Service in Southeast Asia Increase the Risk of Cancer in Air Force 
Vietnam Veterans Who Did Not Spray Agent Orange? Journal of Occupational and 
Environmental Medicine 2005;47(4):335-342.  
 
Page B-38, top of the page, second line:  Replace �At the Elgin spray testing� with �At 
the Eglin spray testing�.   
 
Page B-49:  The specification of the page numbers in the Murray et al reference (1979) 
incorrectly includes a square instead of a hyphen. 
 
Page B-58, Table B2-2.1, Half Life (environmental) panel:  It seems odd to express the 
half-life in hours given that later in this appendix it is expressed in years.  Please convert 
hours to years. 
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Page B-63, paragraph beginning �Renal Effects�:  Replace �HCB exposure in humans 
have not� with �HCB exposure have not�.  Sentence beginning �Increased kidney ��, 
replace � 7� with �greater than or equal to 7�. 
 
Page B-69, paragraph beginning �Among a group of 85�, first sentence:  As written this 
is not a sentence.  A fix would be to combine this with the second sentence by replacing 
�and HCB.  An in vitro� with �and HCB, an in vitro�. 

Page B-70, paragraph beginning �HCB did not induce�, last sentence:  Delete �there 
was�. 
 
Page B-71, paragraph beginning �Infants and young children��, sentence beginning 
�Breast-fed��:  Delete �also�. 
 
Page D-5, top line.  The conclusion of this commendable effort to validate the application 
of PHED data is understated.  In fact, the results, as evidenced by skin 2,4-D levels in 
Table D-2, are consistent with the estimated exposure levels by receptor category 
described in Tables 5-12 through 5-17, indicating that the mixer/loader receptor had 
exposures at least an order of magnitude greater than the flagman receptor.  This 
information should be added to the summary paragraph on page D-5. 

 
References 
 
Health Canada.  2004.  Federal Contaminated Site Risk Assessment in Canada � Part I: 
Guidance on Human Health Preliminary Quantitative Risk Assessment (PQRA) and Part 
II: Health Canada Toxicological Reference Values (TRVs).  Environmental Health 
Assessment Services, Safe Environments Programme, Health Canada, Ottawa, Ontario. 
 
Lorber, M.  2002.  A pharmacokinetic model for estimating exposure of Americans to 
dioxin-like compound in the past, present and future.  Sci Tot Environ 288:81-95. 
 
ORNL.  2006.  Risk Assessment Information System (RAIS) On-Line Database. Oak 
Ridge National Laboratory, Oak Ridge, Tennessee.  Web site: 
http://risk.lsd.ornl.gov/rap_hp.shtml. 
 
Richardson, G.M.  1997.  Compendium of Canadian Human Exposure Factors for Risk 
Assessment. 
 
 
 
 
 
 
 
 



19

Appendix: Worked Example Calculations 

The following worked examples illustrate how we have not been able to reproduce the 
Cantox exposure estimates.  It is stressed that the values provided below do not represent 
exposure estimates that are considered to be more accurate than the Cantox estimates.  
Rather these worked examples serve to illustrate that it is not completely intuitive how 
Cantox estimated the exposure.  Comments from Cantox should be sought before 
assuming that the Cantox estimates contained errors. 
 

Example #1: 1966 Mixer/Loader Accident Scenario – Dermal Exposure to PCDD 
(High Estimate) 

 
As provided on page 30 of the report, the following equation was used to estimate 
exposure: 

EXPAccidental =   S x AC x CF x SAR x P 
   BW 

S = spill amount (0.5 L/day) 
AC = concentration (g/L) � this is difficult to determine which value Cantox 
recommended for use.  For PCDD, a maximum value of 45 ppm was previously noted 
but it was unclear if this was 45 mg/L or 45 mg/kg (see pages 6 and 24). For this worked 
example, 45 ppm was assumed to be 45 mg/kg which when adjusted for a density of 1.8 
g/mL is 81 mg/L or 0.081 g/L (note that density is not provided in the document). 
CF = conversion factor (1,000 mg/g) 
SAR = 0.44 (as provided on page 30) 
P = proportion absorbed.  For PCDD, Table 5-9 on page 34 provided an upper value of 
0.029 which was assumed for this worked example 
BW = body weight (70.7 kg) (see Table 5-9) 
 
Based on the above, the exposure was estimated as: 
 
EXPAccidental =   0.5 L/day x 0.081 g/L x 1,000 mg/g x 0.44 x 0.029 
   70.7 kg 

  = 7.3 x 10-3 mg/kg bw/day 

  = 7,300 ng/kg bw/day 

Thus, the exposure was estimated to be 7,300 ng/kg bw/day (for 3 days) while Cantox 
(see Table 5-12, page 41) estimated the exposure to be 5,100 ng/kg bw/day. 
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Worked Example #2: 1966 Mixer/Loader Accident Scenario – Dermal Exposure to 
Hexachlorobenzene (Central Estimate) 

As provided on page 30 of the report, the following equation was used to estimate 
exposure: 

EXPAccidental =   S x AC x CF x SAR x P
   BW 

S = spill amount (0.5 L/day) 
AC = concentration (g/L) � this is difficult to determine which value Cantox 
recommended for use.  For hexachlorobenzene, a central value of 200 ppm was 
previously noted but it was unclear if this was 200 mg/L or 200 mg/kg (see page 6 and 
24). For this worked example, 200 ppm was assumed to be 200 mg/kg and when a 
density of 1.8 g/L was assumed this was estimated to be 0.36 g/L (once again, density is 
not provided in the report). 
CF = conversion factor (1,000 mg/g) 
SAR = 0.44 (as provided on page 30) 
P = proportion absorbed.  For hexachlorobenzene, Table 5-9 on page 34 provided an 
upper value of 0.005, which was assumed for this worked example 
BW = body weight (70.7 kg) (see Table 5-9) 

Based on the above, the exposure was estimated as: 

EXPAccidental =   0.5 L/day x 0.36 g/L x 1,000 mg/g x 0.44 x 0.005 
   70.7 kg 

  = 5.6 x 10-3 mg/kg bw/day 

  = 5,600 ng/kg bw/day 

Thus, the exposure (as a central estimate) was estimated to be 5,600 ng/kg bw/day (for 3 
days) while Cantox (see Table 5-12, page 41) estimated the exposure to be 394 ng/kg 
bw/day. 



21

Worked Example #3: 1967 Mixer/Loader Routine Scenario – Dermal Exposure to 
PCDD (Upper Estimate) 

As provided on page 29 of the report, the following equation was used to estimate 
exposure: 

EXPDermal Routine =   AR x AT x UEDermal x P
    BW 

AR = application rate � this is difficult to determine which value Cantox recommended 
for use.  The highest application rate reported in Table 5-4 (page 28) is 9.1 x 10-6 g/m2 
which according to the conversion factor on page 26 is equal to 1.0 x 10-6 lbs/acre 
AT = area treated � this is difficult to determine which value Cantox recommended for 
use.  On page 5, it seems that 12 plots per day and 3 acres per plot results in 36 acres per 
day is reasonable 
UEDermal = Dermal unit exposure - 2.86 mg/lb (as provided in Table 5-6) 
P = proportion absorbed.  For PCDD, Table 5-9 on page 34 provided an upper value of 
0.029 which was assumed for this worked example 
BW = body weight (70.7 kg) (see Table 5-9) 
 
Based on the above, the exposure was estimated as: 
 
EXPDermal Routine = 1.0 x 10-6 lb/acre x 36 acres/day x 2.86 mg/lb  x 0.029 
   70.7 kg 

  = 4.2 x 10-8 mg/kg bw/day 

  = 0.042 ng/kg bw/day 

Thus, the exposure (as an upper estimate) was estimated to be 0.042 ng/kg bw/day while 
Cantox (see Table 5-12, page 41) estimated the exposure to be 0.77 ng/kg bw/day. 
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Worked Example #4: 1967 Field Scout Routine Scenario – Dermal Exposure to 
PCDD (Upper Estimate) 

As provided on page 36 of the report, the following equation was used to estimate the 
dislodgeable residue was estimated as: 

Dr = Application Rate ( g/cm2) x 0.1 
 
The Application Rate was not specifically referenced by Cantox  in the equation but the 
highest application rate reported in Table 5-4 (page 28) is 9.1 x 10-6 g/m2 which is equal 
to 9.1 x 10-4 g/cm2.  Consequently, Dr was estimated to be 9.1 x 10-5 g/cm2.   

The following equation was then used to chemical transfer rate from vegetation to skin: 

Tr  =  10(1.09 x log [Dr] + 0.05) x 1/1000 

=  10(1.09 x �4.04 + 0.05) x 1/1000 

 = 10-4.35 x 0.001 = 4.5 x 10-8 mg/cm2/hr 

EXPDermal Routine =   Tr x Tc x ESA x P
    BW 

Tr = 4.5 x 10-8 mg/cm2/hr 
Tc = contact time (assumed to be 18 min/plot x 39 plots/day = 702 minutes = 11.7 hours) 
(see Table 5-10, page 37) 
ESA = 9,110 cm2/day (see Table 5-10, page 37) 
P = proportion absorbed.  For PCDD, Table 5-9 on page 34 provided an upper value of 
0.029 which was assumed for this worked example 
BW = body weight (70.7 kg) (see Table 5-9) 

Based on the above, the exposure was estimated as: 

EXPDermal Routine = 4.5 x 10-8 mg/cm2/hr x 11.7 hr/day x 9,110 cm2  x 0.029 
   70.7 kg 

  = 2.0 x 10-6 mg/kg bw/day 

  = 2 ng/kg bw/day 

Thus, the exposure (as an upper estimate) was estimated to be 2 ng/kg bw/day while 
Cantox (see Table 5-16, page 43) estimated the exposure to be 0.030 ng/kg bw/day. 
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Worked Example #5: 1966 Mixer/Loader Routine Plus Accident Scenario – 
Predicted Body Burdens (Central Estimate) 

As provided on page 68 of the report, the following equation was used to estimate the 
body burden (note: the 1,000-fold �pg/ng� has not been included in the equation, as it 
appears to be a typo that was not carried into Cantox equations): 

BB0  = BBB + (ABDacute x 4.04) 
 

BBB = 21.8 pg/g 

ABDacute = 740 ng/kg bw = 740 pg/g bw (see Table 5-12) 
 

BB0  = 21.8 pg/g + (740 pg/g x 4.04) 
   = 3,011 pg/g lipid 

Thus, the Body Burden estimate on Day 1 of 3,011 pg/g lipid matches quite closely the 
value of 3,022 pg/g lipid estimated by Cantox (see Table 7-9; page 75).  However, it does 
not appear that a spill event occurring once per day for 3 days is considered in the 
approach.  In addition, previous comments on our lack of confirmation of the exposure 
estimates in Table 5-12 may affect the body burden estimate. 
 
After 1 year, the Body Burden was estimated as: 
 

BB1  = BBB + (BB0e
-kt) 

BBB = 21.8 pg/g lipid 

BB0 = 3,011 pg/g lipid 
k = 0.693/7.1 years = 0.098 yr-1 

t = 1 year 

BB1  = 21.8 pg/g lipid + (3,011 pg/g lipid x e-0.098) 
 = 21.8 pg/g lipid + (3,011 pg/g lipid x 0.907) 
 = 21.8 pg/g lipid + 2730 pg/g lipid 

Thus, the Body Burden estimate after 1 year of 2,752 pg/g lipid matches quite closely the 
value of 2,744 pg/g lipid estimated by Cantox (see Table 7-9; page 75). 
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HEALTH CANADA COMMENTS 
TASK 3A-1 TIER 1 DRAFT RISK ASSESSMENT REPORT

General Comments

• “TCDD”, “PCDD” and “PCDF” appear to be used inconsistently throughout the report.   
- When “TCDD” is used, it is unclear whether the term is inclusive only of 2,3,7,8 TCDD,

all TCDDs, or of all dioxins and furans.  This is particularly important when discussing  
the concentration of contaminants in the herbicide products and when discussing  the
toxicity of dioxins and furans.   Throughout the report (e.g. Section ES-2.0),  when 
contaminants are reported, it is unclear if the report is referring to only  TCDD,  or TEQs
that would consider all congeners.

- Throughout the main report and in the appendices, units  used to report levels of
mixtures of dioxins and dioxin-like substances are not consistent (e.g. in
environmental media, doses,  body burdens.   This makes it difficult for the reader to 
authenticate or compare reported concentrations and involved calculations.  Units
are most often reported just as pg/.... or as pg TEQ/... regardless of which toxic
equivalency factors scheme was used.  For example, levels of PCDD/DFs in
Table C1-1.10 (page C-8)  should have been reported as I-TEQ pg/kd bw/day for
the “historical EDIs” and as TEQ-WHO98 pg/kd bw/day for the “current EDIs”
instead of  “pg/kg bw/day.”

- The entire document needs to be carefully reviewed to ensure clarity and as much
consistency as possible. 

• It would be useful to present information regarding the definition of dioxins and
dioxin-like substances “up front”, in a stand alone section that can be easily referred too
by the reader. (In the present document, there is a only very brief description in Appendix
B.)    This section could comprise the following elements:
1) A definition of the classes of dioxin-like substances
2) A concise summary of  how and why  Toxic Equivalency Factor schemes were

created and how the calculations are done.
3) A clear description of the nomenclature of the various schemes presented in US

EPA (2003).  For example:
I-TEQ: denotes the NATO  International TEF scheme.
TEQ-WHO94:.....

   TEQ-WHO98......
4) A comparison  table illustrating the differences between schemes and
The contractor could consider adopting the complete US EPA (2003) nomenclature with
the subscripts D, F and P such as "TEQDF-WHO98"

• Throughout the report, exposure and risk estimates are characterised using different and
inconsistent terms such as “central, low and high” estimates,   “realistic, yet
conservative” estimates,   “upper-case estimates”, etc..
- It would be helpful to use consistent terminology  throughout the report.  
- As these terms are subjective and difficult to interpret, it would be helpful to

clearly document and reference the basis for each assumption in each estimate
and to characterize the inherent  uncertainty and/or conservatism.  Where the
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basis is simply “expert opinion”, this should be noted. 
- It could be helpful to include a general discussion of uncertainty and

conservatism.   For example, could explain that conservative assumptions are
applied when there is high degree of uncertainty around a parameter.   To help put
the assessments in context, the impact of multiplying a series of high end
assumptions should be clearly explained (i.e. it exponentially compounds the
conservatism and can result in very exaggerated exposure\risk estimates).

- A summary table of the assumptions used for each estimate, and the conservatism
and uncertainties,  would  help the reader interpret the  “central, low and high”
risk results in proper context. 

- Accident scenarios should be clearly differentiated from routine events (e.g the
difference between the spills and plashes inherent to mixing /loading activities
that are captured in the PHED estimates, and truly accidental major spills). . 

• Throughout the report, there are inconsistencies between the problem formulation and the
actual receptors/exposure pathways for each receptor assessed.
- Details are provided in   comments specific to each section of the report (below). 

• Some  the equations, data and calculations presented in the report are difficult to verify
and/or reconcile.
- For some equations, the units do not cancel out (details below). 
- Input parameters for the equations are sometimes difficult to locate - e.g.,some are

only in the appendices.
- It would be very useful to include at least one “sample” calculation for each

component of  the exposure and hazard quotient calculations, to help the reader
follow through the calculation logic.   In addition, it would be helpful to include
the equations used and inputs for the equations, including the toxicity reference
values, in the footnotes for each  tables.

• The document would be easier to read if:
I - Information was readily available in the relevant text sections - for example,

while the derivation of the dermal absorption values are discussed in the main
report, the actual values are difficult to locate, other than is the appendices.

- A glossary of technical terms, including a list of all acronyms was included and . 
each acronym was clearly defined the first time it is used.   

- Equations were numbered for easy cross reference. 

Plain Language Executive Summary

• The Plain Language Executive Summary needs to be written insimpler, less technical
language, in order to be easily understood by a layperson.
- Section ES-3.0 should include a summary of the key aspects of risk assessment

methodology, including basic concepts such as: RISK = EXPOSURE x
TOXICITY.  Other specific examples are provided below.

• The glossary (see comments above) should include  terms such as  “defoliants,”
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“herbicides,” “receptor” and “conservative assumptions.”  In addition, each technical
term or acronym should be explained the first time it is used.

ES-1.0:  Introduction
• Suggest edit to first paragraph sentences 2 and 3 to clarify that herbicides as well as their 

contaminants will be evaluated in subsequent Tiers.  Suggested edit is: 
“As part of this commitment, the Government of Canada has engaged non-governmental
experts to assess the possibility of military and civilian personnel exposure to herbicides
and contaminants within these herbicides, the potential herbicide and contaminant dose
received by these personnel and the potential of these herbicides and contaminants to
cause harm.  The following report documents the human health risk assessment, which
was used to estimate potential exposures, characterize potential health risks, and
determine, in an objective manner, whether exposures to herbicides and associated
contaminants used at CFB Gagetown may be associated with potential human health
risks.”

• Second paragraph: The report and the statement of work for this contract indicates a risk
assessment is to be conducted for herbicide use from 1952 to the present.  However, the
description of the tiers indicates that herbicide use from 1956 will be considered.  This
should be corrected or a rationale provided as to why 1952 to 1955 need not be assessed.
.

ES-2.0: Description of Tier 1
• Define “CO”

ES-3.0: Health Risk Assessment methodology
• The report states “A non-measurable or very low risk is considered ‘acceptable'.....

Health Canada assumes that the development of an additional cancer in one person out
of 100,000 people... is acceptable."    The word “acceptable” should be changed: The
guidance for conducting preliminary quantitative risk assessments (PQRA)) does not
specify  an acceptable risk for carcinogens, but rather qualifies a risk range of 1 cancer in
100,000 as "de minimus' or "essentially negligible".  Generally, Health Canada views 1
cancer in 100,000 to 1 cancer in 1,000,000 as a minimally desirable targets, depending on
the specific situation and on the degree of conservatism and uncertainty in the risk
assessment.  

ES-4.0: Problem Formulation
• First bullet, Mixer/Loader/Applicator:

- Does not state that accidents will be considered for this receptor, yet in ES-7.0,
“mixer/loader accident” scenario is cited as resulting in elevated risks.   Consider
the above comment on need to clearly delineate accident scenarios from routine
work scenarios.

- Text states "It was assumed that a single person was responsible for all three
activities".    It is unclear what this assumption is based on; please cite references. 
Similar assessments by pesticide regulatory agencies such as the U.S.
Environmental Protection Agency (EPA) do not assume the pilot and
mixer/loader to be  the same person, as the pilot requires a special licence to
operate aircraft, which most mixers/loaders usually do not have.  Technical
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Memorandum 141 (Demaree and Creager 1968) states that one pilot applied all
mixtures in about 30 hours of actual flying time over three consecutive days (but
does not identify the number of personnel involved in mixing and loading, or the
number of flagmen).  Since there was only one pilot, would he have had time to
also do all the mixing/loading?

• Second bullet, Flagger:
 -  Ingestion is identified as an exposure pathway here, but was not the Problem

Formulation (section 4-1) nor assessed in the exposure assessment.  Regulatory
agencies generally do not consider ingestion to be a typical exposure pathway for
flaggers.

• Third bullet, Post-application Scouts:
- The text states "It was assumed that individuals acting as flaggers also may be

the post-application scouts".  Please discuss and reference the basis for this
assumption.   Similar assessments by pesticide regulatory agencies such as the
U.S. Environmental Protection Agency (EPA) do not assume that the scout and
flagger are the same person.   Scouting is usually  conducted to determine efficacy
of the application.  Considerations could include:   Would the efficacy of a
defoliant be apparent immediately after the application (as suggested by the
assumption that flaggers also scout)?   Would flaggers have the specific expertise
that scouts require to assess efficacy? . 

• Fourth bullet, On-Site Military Trainee:
 - Clarification of the types of activities conducted by this receptor, and the assumed 

time frames (post application) for the assessment for this receptor, is required.
(See specific comments below)

• There are some possible exposure groups are not addressed in the report.   It is important
to either assess theses group, or to conclusively determine that these activities did not
occur (at least for the Tier 1 assessment scenarios), given the concerns of  individuals 
who believe they may have been exposed in these ways: 
- Brush clearers and brush burners.  A large number of  individuals believe they

may have engaged in this potentially relatively high exposure activity.
- Family members or others  who may have had contact with “contaminated”

clothing that  personnel brought home.  

ES-5.0: Exposure Assessment
• Please clarify the sentence  “A range of exposures to people at CFB Gagetown in 1966-

67 was estimated.” 
• Section refers to “high, low and central estimates”.  Later,  new terms such s “upper-case

estimate” and “worst-case scenario” are used.   Later in the report (p. 35), the estimates
are called “upper, lower and central approximations.”   See general comments (above) on
the importance of consistent terminology and constructive suggestions. 

• Terms used are rather technical for a plain-language summary.  For example, instead of
“worst-case parameter values” could say “worst-case assumptions”.  “

• Worst-case scenario” should be defined (in terms of the intention to overestimate the
risk).

ES-6.0: Hazard Assessment
• Table ES-1:
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 - The non-cancer health effects for dioxins should conclude with "...and other
developmental effects". 

- The  cancer effects associated with dioxins have not only been linked with
occupational exposures, but also in situations where the general population has
been exposed though industrial accidents (e.g., Seveso).  Reference should be
made to such situations.

• The diseases listed should be defined for the lay public.

ES-7.0: Risk Characterisation
• First paragraph: 

- This text in paragraph appears to state that exposure = risk.  For example, .
“Military trainees were assumed to have long term exposure and therefore long
term risks”.   Text should be clarified to avoid propagating this common
misconception and to be consistent with the bullets that follow.   

• Dioxins, 2nd bullet: 
- Sentence is not clear and reference to “acceptable” should be removed (per

comment above).   It would be better to rephrase sentence as, “ Long term cancer
(and other ??) risks were concluded to be  negligible for military trainees
experiencing long-term exposure.”

• Dioxins, 3rd bullet:
- Does this statement really mean that risks were elevated for >50 years or does it

mean that body burdens were elevated for >50 years?   It would be useful to
provide more characterisation of the relationship between body burden (exposure)
and risk, including more specificity on specific risks and on strength of the
association between the estimated body burden and the risk.   

- Clarify what is meant by  “spray accident scenarios” 
• HCB, general: 

- Terminology may be too technical and in some cases is poorly defined or too
subjective: e.g : “minor exceedances”, “marginal exceedance” and “highly
conservative”.  This is the first time the word “conservative” is used.   The word
should be defined, including a plain language explanation of  what leads to
conservatism in risk assessment.

- Should note that three risk estimates were made (high, low and central) and 
clarify whether the conclusions drawn are based on the “central” estimate, or all
the estimates.

• HCB, 1st bullet: 
- The conclusion that “overt signs of toxicity” would be the result of “active

herbicide ingredients” is not substantiated by the risk assessment in this report. 
Conclusions should be made only after the risk assessment for the active
ingredients has been conducted (which will be in the later tiers).

•  HCB, 2nd bullet: 
- It would be better to rephrase sentence as, “ Long term cancer (and other ??)

risks were concluded to be essentially negligible for military trainees
experiencing long-term exposure.”

ES-8.0: Uncertainties
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• The sentence related to what risk managers need is irrelevant for the plain language
summary and should be removed. 

• The Plain Language Summary (and the report in general) is for a public audience, who
needs help to understand the uncertainties in the risk estimates.  This section states that
over-predicting is preferred to under-predicting, but does not give any indication of
factors or areas in which under-prediction is possible.  A more complete and systematic
discussion of uncertainty could include a table of the various factors in the risk
assessment and a corresponding statement about whether the data uncertainties are likely
to lead to over-prediction or under-prediction, and how this was addressed, e.g., use of
uncertainty factors, etc. (see General Comments above)

Section 1.0   Introduction:

• Footnote 1, page 1: 
-  To avoid confusion, consistent terminology should be used throughout the

document. Here it is specified that PCDDs and dioxins refer to PCDDs, PCDFs
and dioxin-like PCBs, yet elsewhere in the document, PCDFs are used with
PCDDs; does that mean that dioxin-like PCBs are excluded? It would be better to
use either use dioxins or PCDDs, not both, to represent the same term. See 
general comments for additional suggestions. 

• Page 2: 
- Text states “There is a need to examine the potential for exposure before any risk

can be determined.”  It is unclear why there is a need - suggest explaining the
implicit point here, that if there is no exposure, then there is no risk.

- It is noted in the report and the statement of work for this contract that a risk
assessment is to be conducted for herbicide use from 1952 to the present day. 
However, the description of the tiers indicates that herbicide use from 1956 will
be considered.  A rationale as to why 1952 to 1955 will not be considered needs
to be provided.

Section 2.0   Description of Tier 1:

• Page 3, 1st paragraph
-  References to Demaree and Creager, 1968 –  references section has 1968a.
- Text states: “This is an important point since it suggests that data regarding

important factors such as rates of application and deposition that have been
developed for exposure models used for Vietnam...should be comparable for the
experimental applications of herbicide at CFB Gagetown.”  This statement needs
to be substantiated further.  It is unclear if the report authors actually compared
the rates used at CFB Gagetown to those used in Vietnam.  Various rates are used
to assess the efficacy of a product as compared to actual use conditions that may
have been used in Vietnam.  

• Page 3, 2nd paragraph: 
- “The tests occurred over a two year period.”  This statement could be clarified to

indicate the small number of days during which testing occurred in the two-year
period.
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• Figure 2-1:
- In title:  replace “or” with “and”, to read “Application for 1966 (shown in blue)

and for 1967 (shown in green)”.  Also define what the red-outlined area is.
• Page 4, 1st paragraph: 

- Define the abbreviation “CO”
• Page 4,  4th paragraph: 

- Text read “......each plot received a series of four passes....”.   This contradicts
the assumption used in the spray drift report where a single spray line with a 100
feet spray swath was assumed, as the report did not specify.  Please clarify the
discrepancy.

• Page 5: 
- Reference to Demaree and Hawes, 1968 - references section says 1968b.
- The phrase “contaminants of concern” is elsewhere in report stated as “chemicals

of concern”.   Again, it would be helpful to maintain consistent terminology
throughout the report.

• Page 5,  Bullet 1:   
- Text states  that TCDD is present in 2,4,5-T.  It is unclear if this implies that only

TCDD is present and other dioxin and furan congeners are not.   Please clarify. 
- Text reads “At the time of application, there was no discernible contamination of

2,4-D by PCDDs or PCDFs.”  This suggests that 2.4-D samples were analysed
for PCDDs and PCDFs and none were detected.  Does the statement actually
mean that there was limited  information on the levels of PCDDs and PCDFs in
registered 2.4-D?   Please clarify the basis for concluding that all the dioxin
agents orange and purple arose only from the 2,4,5-T. 

• Page 5/6, including and Tables 2-1 and 2-2: 
• Please provide references for reported concentrations of contaminants in Agent

Purple and Agent Orange and document reasons where assumptions/conclusions 
differ  from those of Jaques Whitford.   

• Please be careful to differentiate between unregistered agent products and
registered herbicides that contained 2,4,5-T.

• Please consistently specify whether only TCDD was measured, or all dioxin and
furan congeners.  If only TCDD was measured, specify whether there is the
likelihood that other congeners would be present and the implications for the total
TEQ and the risk assessment.

• It would be cleared to label the last column “Assumed Contaminant
Concentration” to indicate these are assumed and not measured or known values.

• Please be consistent about whether contaminant concentrations are expressed as 
TEQs and reference the source of the TEQs for the calculation.

• Please add a footnote referencing where the estimate of HCB in picloram came
from (not explained in report).

• Ist footnote - what does the last sentence mean - are words missing?
• It is unclear why there are there footnotes for Agent White and Agent Blue when

these chemicals are not mentioned anywhere else in the report.
• Last row in Table 2-2 refers to “focus contaminants”.   Please define this term.
• In the published literature, HCB is identified as a contaminant of PCP and should

be assessed as such.  See comments for Appendix A.
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Section 3.0  Health Risk Assessment Methodology:

• Section 3.1, Problem Formulation: 
- Text reads “...takes into account chemical-specific parameters, such as solubility

and volatility...” It as unclear how the identification of exposure pathways took
such properties into account, or why these two particular properties and not
mobility and persistence (generally recognized as more important determinants of
fate/transport) were selected..

• Section 3.3.1 - 3rd paragraph: 
- When discussing “adverse effects,” please specify “adverse health effects.”  Also,

please introduce/explain the term, Tolerable Daily Intake.
• Section 3.4.1, page 11: 

- Please refer to comments about “acceptable” cancer risk above under section
ES-3.0.

• Section 3.4.2: 
- Please provide references for the body burden approach, introduced here as “an

accepted and well documented approach”
• Page 12, last paragraph: 

- Please provide rationales for why certain assumptions were used for the HCB risk
assessment.  Specifically, “for chronic exposures/chronic risks, HQ and ILCR
estimates have been provided for HCB, assuming annualized exposures over a
maximum three year period” and “for the purpose of this evaluation, a duration
of exposure of one year has been assumed.”

Section 4.0 - Problem Formulation:

• Section 4.1, page 13:
- Subheading title: Contaminants of Concerns (COCs) - note that earlier, in Section

3.3.1, COC was defined as Chemical of Concern.  In Section 5.3.2 they are called
“contaminants of interest.”  In Table 2-2 they are called “focus contaminants.”
Please define and use one term consistently.

- 1st paragraph: “PCDD/PCDF.”  Does this term include dioxin-like PCBs as per
the footnote in Section 1?  See General Comments for further suggestions.

- 3rd paragraph.  Text reads “... the development of time-dependent EPC data for all
environmental media would require a significant amount of historical spray
application data and environmental fate and transport modeling.”  This
statement is vague and leaves the reader wondering, if it is feasible, possible or
necessary to do this type of modelling.

- Last sentence in Sec. 4.1: “EPCs are further characterized in Section 4.0."
Should this be Section 5.0, as the statement is already in Section 4.0?

• Section 4.2, page 13:
- Text reads “The following is a preliminary list of receptor groups...”  It is unclear 

why this list is preliminary. 
• Section 4.2, page 13.  Mixer/Loader/Applicator :

- Text reads "A conservative approach may be taken in which it is assumed that a
single person was responsible for all three activities.”  The basis for this
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assumption is unclear.  Similar assessments conducted by regulatory agencies
such as U.S. Environmental Protection Agency (EPA) do not assume that the pilot
and mixer/loader are the same person.  Considerations could include that  the pilot
requires a special licence to operate aircraft, which mixers/loaders usually do not
have.   It might also be useful to consider Technical Memorandum 141, which
identifies that in 1968 one pilot applied all mixtures in about 30 hours of actual
flying time over the three consecutive days, but does not identify the number of
personnel involved in mixing and loading,  or the number of flagmen.  Would one
pilot have had time to also do all the mixing/loading? 

• Section 4.2, page 14.  Flagger:
- If it is assumed that the flagger and post-application scouting receptor were the

same person, this should be noted here.  However, the basis for such an
assumption should be clearly documented.  Similar assessments conducted by
pesticide regulatory  such as the U.S. Environmental Protection Agency (EPA) so
not assume the scout and flagger are the same person.   Scouting is usually 
conducted to determine efficacy of the application.  Would the efficacy of a
defoliant be apparent immediately after the application as suggested by the
assumption that flaggers also scout?   Scouts  have specific expertise to assess
efficacy.  Is it reasonable to assume that flaggers have this expertise? 

• Section 4.2, page 14.  On-site Military Trainees:
- A clearer description of the types of activities that military trainees typically do,

and upon which the assessment is based,  should be included.  The time frames
(post application) of the assessment for these receptors should be clarified and
justified.

• Section 4.2, page 14.  
- Brush clearing and/or burning is an exposure activity that needs to be considered

as there have been persistent statements that students and others engaged in this
potentially relatively high exposure activity. Alternatively, it could be definitively
determined that these activities did not occur in association with the Tier 1
spraying activities. 

- Some individuals have said that they had frequent contact with clothing
contaminated with the herbicides used in the applications and which the personnel
brought home.  This exposure scenario should be addressed.  

• Section 4.2, page 14.  Off-Site Civilians: 
- The report states “These individuals are those who may live near the military

base and occasionally use specific areas of the base for recreational
purposes.......would come into contact with various environmental media (e.g.,
soil, dust, local produce, etc.)......(i.e., spray drift depositing on nearby off-site
residential properties)....This receptor group was not considered for the 1966-67
scenario as these spray areas are fairly small and remote resulting in limited
opportunities for exposures.  The 1966-67 spray areas will considered as part of
the evaluation of this receptor group during Tiers 2 and 3 exposure scenarios.”
While, it may be reasonable to conclude that off-site civilian exposure was
minimal for this Tier,  it is necessary to specifically address this receptor group to
substantiate such a conclusion.   Consideration of this group was included in the
Draft Problem Formulation for this tier originally submitted to the Technical
Authority.
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- Some scenarios could be addressed by a relative comparison to quantitatively
assessed  receptors.   For example, it might be argued that off-site civilians, and
those walking or hunting on the base,  would receive a much smaller dose than
that received by flaggers and a smaller dose than other personnel in the direct
vicinity of the application site during or after application ( post-application
scouts, on-site military trainees, etc).    

- The  spray drift report (Task 2D) for this tier includes  information on the
estimated fraction of the application rate deposited downwind of the sprayline.
These estimates can be considered conservative as the contractor for Task 2D has
indicated that they were based on “some worst case assumptions”.  Since the area
sprayed is remote and small, this information could be used to estimate how far
away the “safe zone” is.   If deposit may be considered  negligible at a specified 
distance from the flight line (e.g. 500 ft), it might be possible to conclude that  is
very unlikely that there is spray drift depositing on off-site areas that civilians
access..

- The Task 2E scoping report includes relevant information to use in considering
potential exposure from surface water and groundwater.

- For surface water: A possible approach would be to consider the distance to the
nearest potential s.w. receptors.  For example: Significant s.w. receptors identified
in the 2E scoping report were those with known recreational uses, including
several lakes and the Nerepis River.  The 2E report maps these watersheds in
comparison to herbicide application areas.  Fig. 4 shows that the 66 spray area
does not intersect any of the identified watersheds.  The 67 spray area does lie
within the watershed that drains to the Nerepis River; however, the 67 spray area
is ~5 km from the main channel of the river.   It may be possible to draw
qualitative conclusions about the likelihood of s.w. impact given the watershed
mapping, distance, time duration of applications, phys/chem properties of
HCB/dioxins, etc. 

- If there is in fact a surface water body within the deposition zone, it may be
possible to consider s.w. receptors through a semi-quantitative assessment,
incorporating  reasonable high-end assumptions about deposition, flow rates,
sediment binding, etc.   that would  to ensure that the risk assessments for any
occasional ingestion & dermal contact during the short duration before the
chemical is flushed out of the stream (or binds to the sediments) is protective.

- For groundwater: A possible approach could consider the presence/absence of
potential historical groundwater receptors (wells) in the vicinity of the 66/67
spray area as identified in Task 2E.  CFB Gagetown personnel have stated that the
base bivouac wells were installed in the mid-1990s and the only well in the
vicinity existing perhaps back as far as the 1960s is at Blissville.  Cantox may
wish to independently confirm this information with DND.   Cantox could
consider the range of estimated groundwater travel times provided in the 2E
scoping report.  This range is conservative, e.g. , without considering effects of
adsorption (which would result in longer travel times).  The effects of adsorption
on groundwater velocity could be considered by using the simple equation for
calculating a retardation coefficient based on Koc, aquifer porosity, and bulk
density.   Cantox could use the JW scoping report map of the potentiometric
surface (Fig. 3) to visually estimate the general direction of regional groundwater
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flow in vicinity of 66/67 spray areas.  For any potential receptors identified (e.g.,
the Blissville well) that are generally down-gradient of the 66 or 67 application
areas, could compare a conservative estimate of the groundwater travel-time to
the time period of exposure used in the Tier 1 assessment.   Regardless of the
qualitative analysis, it is noted that DND personnel have stated that base wells
were not used for drinking water, with the exception of Camp Petersville (as
noted by Sheldon Downe in his comments on the 2E report).  As Cantox proceeds
with work on further tiers, Cantox may wish to independently confirm this
information, and accordingly decide what g.w. exposure assumptions to make (no
g.w. ingestion; very occasional g.w. ingestion; seasonal g.w. ingestion during
training, etc.).  The HC Technical Authority for the 2E scoping report is available
to answer any questions Cantox may have about the report and the data used.

- The spray drift report (Task 2D) and the water migration scoping study (Task 2E)
should be included as  appendices to the Task 3a-1 Tier 1 report.

• Section 4.3, “Operable Exposure Pathways”
- Please define what is meant by “Operable”.
- The term “realistic, yet conservative” is hard to understand.  It would be better to

clearly describe and characterise the uncertainties and conservatism that underlies
the estimates.   Please see general comments above for further guidance. .

- Text reads “From this, more detailed exposure pathways can be developed.”
Suggest replacing “can be” with “were”.

- Please provide justification as to why some exposure pathway/ receptor
combinations were screened out of further consideration (the ones noted with
X’s)

• Section 4.3, Figure 4-1
- Indicate in title that this conceptual model is for Tier 1 (66/67 spray trial areas).
- The exposure pathways and receptors in the figure are inconsistent with the

pathways actually considered in the risk assessment.  For example, the checks
indicate that incidental ingestion from dermal contact with the herbicide product
will be considered for the mixer/loader, flagger and scout; however, it appears
that this was not a pathway considered in the exposure assessment.

- Add a footnote clarifying that X means pathway not considered, while a check
means the pathway is considered.  Alternately, “yes” and “no” could be used.

- Under the military trainee/trainer, indicate the meaning of the checks in
parenthesis.

- All potential pathways shown on the diagram should be discussed, even if not
designated for further analysis.  For example: volatilization to outdoor air is
shown on the diagram, but not mentioned anywhere in the report.  It was unclear
why this pathway eliminated from detailed consideration.  Justifications should be
provided.

- Surface water should be addressed either qualitatively or quantitatively (dermal
exposure and/or ingestion).  See detailed comments above.

- Groundwater should also be addressed,  at least in terms of discussing  whether
there were any receptors (wells) in the vicinity that were used for potable supply
during the exposure period of interest). See detailed comments above.

- Dermal contact with foliage should be addressed for all relevant receptor groups
(i.e., all post application exposures).   For scenarios where sufficient time has
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passed for dislodgeable foliar residues to decline to insignificant levels, a
qualitative discussion may suffice).

- Last column heading includes military “trainer” as does last footnote.  “Trainer”
not mentioned anywhere else in report.

- “Applicator” is not included as a receptor in the figure, yet it is considered
throughout the report. -

• Section 4.3.1.1
- Text reads “...employed the use of exposure data provided by the Pesticide

Management Regulatory Agency, literature-based values, as well as a number of
conservative assumptions.”  This wording suggests that the first 2 sources
(PMRA and literature) are not necessarily conservative.  Please clarify whether 
the PHED is considered to be conservative or realistic (and provide
references/justification for the conclusion).  Were literature-based values used in
a conservative manner? Please provide some clarification on the above statement .

- “Pesticide Management Regulatory Agency” should be “Pest Management
Regulatory Agency”

- Text read “Dermal and inhalation exposure data for the mixer/loader/applicator
scenario can be estimated using predicted loading values from the Pesticide
Handlers Exposure Database (PHED) (PMRA 2002).”    Consider deleting 
“PMRA 2002" and adding “ PHED model runs for various scenarios were
provided by PMRA”

- A general description of the types of studies in the PHED database would be
useful.  It would help characterise the risk assessment to clearly note that the
studies in PHED asses exposure under typical conditions,  which includes typical
spills and splashes during open mixing and loading activities, and the type of
direct overhead exposure that would occur during actual flagging activities.   It
could also be noted that some of the flagger data in PHED is from studies of
agricultural applications  which may overestimate exposures for forestry flaggers
as there is no canopy effect during agricultural applications. 

- Remove the second “generic” form the sentence beginning “PHED provides
generic passive dosimetry data for generic mixer/loader/applicator
exposure...............”

-  Please clarify what is meant (in the context of PHED subsets) by “These
focussed on the fact that relatively small amounts of each pesticide formulations
were prepared, but multiple combinations or dilutions were applied from a
helicopter delivery system”

• Section 4.3.1.1, page 18:
- Please provide references for the protection factor of coveralls and chemical-

resistant coveralls. (e.g. US EPA)
-  2nd paragraph, 1st sentence: “Failure to......”  is not a complete sentence.
- 2nd paragraph: Text reads “This may include the use of dermal loading data for

clothing scenarios “a” to “c” as listed above which are more representative of
individuals wearing casual clothing rather than clothing typically worn for
handling herbicides.” Clothing scenario “a” was short pants, short sleeves and no
gloves, but  this scenario was not used in any of the exposure assessment
scenarios.   Is this clothing scenario really considered likely?

• Section 4.3.1.1, page 18, Formulation Type:
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- Text reads “Predicting exposures during the mixing and loading stages will be
heavily influenced by the herbicide formulation type.”  Replace “will be
influenced by” with “is dependent on.”

• Section 4.3.1.2, Page 19: Flagger/Post Application Scout
- 1st paragraph: Reference is made to incidental ingestion for flagger and post-

application scout; however, this pathway was not considered in the exposure
assessment.   

- 3rd paragraph: Please justify assumption that  flagger and post-application scout
would be the same person and characterise the degree of conservatism associated
with that assumption.

- 3rd paragraph: The exposure pathways described for post-application scouting are
not consistent with Figure 4-1 or with the exposure assessment conducted for this
receptor.  These pathways are “dermal contact with impacted soils......inhalation
of re-suspended dusts, incidental ingestion of soil or dusts, or inhalation of smoke
containing COCs from burning affected vegetation....inhalation of COCs within a
lingering plume.....” Please discuss why these pathways were not considered
further in the exposure assessment, as it appears only foliar contact was
considered on page 36.  Foliar contact was not a pathway listed in Figure 4-1.

- 4th and 5th paragraphs: Reference is made to military personnel conducting
“maintenance activities such as felling dead trees, or clearing undergrowth.” It is
further stated that “for work crews and military personnel on manoeuvres in the
area conservative default estimates of dislodgeable foliar residues and generic
agricultural transfer coefficients will be used.....”  This is the only place in the
report that this receptor is discussed. This receptor and their possible exposure
pathways are not included in Figure 4.1, nor are exposure estimates or hazard
quotients calculated.  It appears that this receptor is not a military scout or a
military trainee.  Please discuss why an exposure assessment and risk calculation
was not completed for this receptor.  See comments on the importance of
considering this receptor above. 

- Remove words “staking, topping, training” from final paragraph on page 19. 
These words make no sense in this context as these activities are not relevant to
the scenarios being assessed.

• Section 4.3.1.3, p20, On-site Military Trainee
- Reference is made to inhalation exposure via impacted soil and dust yet this

exposure pathway was not identified in Figure 4-1 nor considered in the exposure
assessment for this receptor (Section 5.4.5).  Consumption and dermal contact
with water should  be addressed (see above comments on water under civilian
exposure for suggestions on how this could be done).   Please clarify and explain
which  exposure pathways were  considered and which were excluded. .

• Section 4.3.1.4, p20, Accidental Spray Event
 - Please discuss the uncertainty and conservatism of assessing this scenario. 

Comment on how the event is considered to be “unlikely.” Please explain why
there would be “no canopy cover protection” for this scenario.   Provide a
rationale for the extent of the conservative assumptions used and why.  

- It would help to discuss that for flaggers, any accidental scenarios that typically
occur would have been captured in the PHED scenario.

• Section 4.3.1.5, p 20, Civilians
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- See comments for Section 4.2 - Offsite Civilians.  Please address water and drift
as suggested in comments under Section 4.2. 

- First paragraph - text reads “Exposure events may occur ......as a result of spray
drift migrating to off-site locations.”  Third paragraph - “Civilian receptors may
also be exposed to COCs as a result of herbicide spray drifting to areas outside of
the military property line.” Please discuss the likelihood of this happening based
on the results presented in the spray drift report (Task 2D) and considering the
comments noted under Section 4.2.

- Third paragraph: “Impacted groundwater may also be source of exposure as a
result of the movement of volatile chemicals into indoor environments through
vapour infiltration, or in cases where groundwater is used as a potable water
source....”  As discussed in the comments for Section 4.2, please comment on the
volatility of dioxins and HCB and the impact of this given the likelihood of
groundwater being a source of exposure for the spray areas of 1966 and 1967..
Please refer to comments under Section 4.2.

Section 5.0 - Exposure Assessment

• “The primary objective of the exposure assessment is to predict, using a series of
conservative assumptions, the rate of exposure.....”  This statement is too simplistic. 
Comment on why the primary objective is to be conservative.  In general, conservative
assumptions are applied in relation to the degree of uncertainty around that assumption. 
For each assumption the risk assessor needs to consider and document what information
is available regarding that assumption and the extent of conservatism warranted based on
the knowledge available.  This allow the results of the risk assessment to be interpreted in
proper  context.

• Section 5.1 - Estimated Daily Intake (EDI)
- See detailed comments for Appendix C below.
- Please provide specific information on the historical and current background daily

intake value for dioxins and HCB that would need to be included in the main
report.  For example, does the historical EDI represent the exposure in 1966 and
1967 or is it more representative of another time period?  Describe the data that
the current EDI is based on.  For what years was the historical EDI used when
determining body burden exposures?  Similarly, for what years was the current
EDI used?  Also, it was unclear why a  lifetime composite receptor was used
instead of the adult, as only adult receptors are considered in the risk assessment. 

• Section 5.2, first paragraph 
- As stated in the Statement of Work for this project, the U.S. EPA would also be a

good source of information on exposure assessment methodologies.
• Section 5.3.1

- It is unclear how it was decided which parameters would be estimated as single
values and which would be represented by a range (high, low, central estimates). 
This is basically introducing probability into some variables and not into others.
The report authors should indicate if  all the variables were examined
systematically to decide which should be treated stochastically (as a data
distribution) and which to be treated deterministically (as a single point estimate),
with consideration to which are driving the risk.  A logical step in this process



1 For an example of an analysis to determine the relative contribution of individual parameters to the overall
risk estimates for dioxin exposure, see: Ma, H. “Using stochastic risk assessment in setting information priorities for
managing dioxin impact from a municipal waste incinerator.” Chemosphere 48 (2002) 1035-1040.  This multimedia
risk assessment had over 500 parameters, but through an uncertainty analysis, the authors identified the 15 
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would be some sort of sensitivity analysis, i.e., considering the effect on the
results of varying the parameters over their expected ranges, to determine which
parameters are most important.1

- Only “upper-case” is defined, while “central” and “low” are not.  They warrant an
explanation here. Is “central tendency” (in the subheading) the same as “central”?

- “The parameter that vary across each of the three exposure estimates are...” 
Neglects to mention 1) surface area of skin exposed, which was apparently treated
as a range for the flagger accident and field scout scenarios, and 2) forest canopy
interception factor, where a range was apparently used for the military trainee
scenario.  It appears the range was used only for one scenario, but the general
statement in Section 8.1 implies otherwise by not being specific: “A range of
canopy intercept factors were [was] employed.”

• Section 5.3.1.1
- “As previously discussed...”  The reviewer could not locate where this was

discussed. It would be helpful to give the report section number, as these are
important assumptions in the exposure assessment.

- Text states “...a review of the scientific literature indicated that the PCDD
content in Agent Orange was represented by a concentration of 2 ug/g.”  It was
not clear how the value of 2 was selected  2 from a literature review, or whether it
was a  Mean value, median, etc.  Were all literature data given equal weight? 
What was the range or standard deviation?  The only previous statement to be
found was  (p. 6): “All 2,4,5-T in Agent Orange was assumed to have a level of
contamination by TCDD of 2 ppm.”  It was unclear what this assumption was
based on, or why ?  a range of PCDD content was used for Agent Purple and not
for Agent Orange or picloram.

- “The HCB content in picloram was determined to be 200 ug/g.” No reference
given for how it was determined, and not discussed earlier in Table 2-1 and 2-2.
Please clarify the source of this value.

• Table 5-1: 
- Suggest adding “Estimated” to the title, as these values are not measured/known

but represent your best estimate or assumption.  Likewise for the titles to Tables
5-2, 5-3, and 5-4.

- Values in table are expressed as a unitless fraction, yet elsewhere in ppm, then
also in ug/g.  Please use consistent units.

• Section 5.3.1.2 - Dermal Absorption
- For dioxins, it is not clear which congener was the basis for deriving the dermal

absorption value.  For comparison with published,  measured dermal absorption
values (see below),  it  would be useful to also express estimated dermal
absorption values as a rate or a percentage

- When deciding which values to represent the upper, lower and central exposure
estimates, comment on why these statistics were the only parameters considered? 
For example, would different congeners have varying absorption levels?   
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- There are many  published studies in which dermal absorption of dioxins was
evaluated (e.g .those listed below).   The results of these studies could be
considered as part of a  weight-of-evidence approach, by  comparing measured
and modelled values, to electing dermal absorption values for the low, central and
high exposure estimates.  Consider for example:
- Anderson YB, Jackson JA, Birnbaum LS.  Maturational changes in dermal

absorption of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in Fischer 344
rats.  Toxicol Appl Pharmacol. 1993 Apr;119(2):214-20.

- Brewster DW, Banks YB, Clark AM, Birnbaum LS.  Comparative dermal
absorption of 2,3,7,8-tetrachlorodibenzo-p-dioxin and three
polychlorinated dibenzofurans.  Toxicol Appl Pharmacol. 1989
Jan;97(1):156-66.

- Banks YB, Birnbaum LS.  Absorption of
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) after low dose dermal
exposure.  Toxicol Appl Pharmacol. 1991 Feb;107(2):302-10.

- Banks, Brewster, Birnbaum. 1990.  Age-related changes in dermal
absorption of 2,3,7,8-tetrachlorodibenzo-p-dioxin and
2,3,4,7,8-pentachlorodibenzofuran.  Fundam. Appl. Toxicol.  15, 163-173.

- Poiger H and Schlatter CH. 1980. Influence of solvents and adsorbents on
dermal and intestinal absorption of TCDD.  Food and Cosmetics
Toxicology 18:477-481.

- A discussion of dermal absorption of soil-bound HCB and dioxins would be
useful in the main report here, not just in the Appendix.

• Section 5.3.1.3 
-  The personal protective equipment described in this section is not consistent with

Page 18, 2nd paragraph (see above comments for section 4.3.1.1)
• Section 5.3.2 - paragraph 2 

- The incorrect conversion factor is cited for converting application rates from g/m2

to lbs/acre.  The conversion factor cited is 1.12E-01 whereas the correct
conversion factor is 8.9.  This suggests that the exposure estimates could be
underestimated by factor of approximately 80 times.  Unfortunately, sample
calculations were not provided to verify whether this error actually occurred in
the calculations. Please verify that the correct conversion factor was used in the
calculations.

• Table 5-2: 
- The PCDD rates for Agent Orange appear to be under the “low” heading, when

they are single-value estimates.  Could move them to the left under “central”, or
change the column headers.

• Tables 5-2, 5-3, 5-4 and 5-5: 
- The column of “application rate of a.i.” is misleading.  The a.i. or active

ingredients refers to the defoliant chemical, such as 2,4-D, that would be present
in the product.  Please specify whether this column represents the application rate
of the active ingredient, of the entire product (e.g., Agent Purple) or of the
contaminant.

- Diesel is listed in Table 5-2 as a component of the applied mixtures but is not
further addressed in the report.  Is the intent to address this in the other tiers or to
develop a rationale for its exclusion from the assessment? 
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• Section 5.4 
-  Include the input values with each of the parameter definitions for the equations. 

For example, beside BW, please report which body weight value was used.
• Section 5.4.1.1 

-  “The PHED dermal UEs, which are an expression of the amount dermally
absorbed by the receptor......”  Replace “absorbed” with “deposited.”  PHED
provides exposure estimates of dermal deposition, not dermal absorption.

• Tables 5-6, 5-7 and 5-8: 
- It is confusing to have “low, central, high” as the rows when the previous tables

had these as the columns.  
- In addition to the column-row transposition, the order of the three estimates varies

among the tables, which is confusing:  Table 5-2 lists central, low, high.  Table 5-
6 lists low, central, high.  Tables 5-9 and 5-10 list central, lower, upper (note
different terms used).

• Section 5.4.1 and 5.4.1.2 
-  Exposure Resulting from an Accidental Spill - This is the first time that this

exposure pathway has been mentioned in the report.  It was not included in 4-1. 
PHED scenarios for mixers/loaders include any routine spills and splashes. 
Please provide a rationale as to why an additional spill scenario was considered
necessary for this assessment.  This should include a rationale for the high degree
conservatism used in the assessment (eg., spills would occur every day at the
highest concentration). 

- The  30% clothing penetration rate applied here is not consistent with the 75%
clothing protection factor used elsewhere in the report.

• Section 5.4.2
-  It would be useful to cite Technical Memorandum 141 (which identifies that one

pilot applied all mixtures in about 30 hours of actual flying time over the three
consecutive days, but does not identify the number of personnel involved in
mixing and loading,  or the number of flagmen.) Assumptions beyond what is
actually known should be justified. 

• Section 5.4.3, 3rd paragraph
-  Provide a reference for the following statement: “Generally, use of PHED UEs

assumes that individuals involved in flagging activities are professionally
trained.”

• Section 5.4.3.2
- Why was the factor of 2.7 chosen rather than the peak factors calculated by

REMSpC’s modelling?  It is misleading to state that the factor of 2.7 is “based on
an analysis provided by REMSpC” as it could be concluded that 2.7 was the peak
factor from the modelling, when in fact 2.7 is from a 1964 report on calibration
trials.  The modelling predicted lower peak factors, i.e., Fig. 1 shows 1.4 for the
1966 trials and Fig. 2 shows around 0.85 for the 1967 trials.

- Similarly, the definition of 2.7, following the equation, as “worst-case multiplier
based on wind speed and direction” suggests site-specific data and modelling
were used to generate this factor, which is not the case.

• Table 5-9: 
- Text cites canopy intercept factor of 0.9 with reference of Karch et al. 2004.  It is

unclear why 0.9 is listed in this table when 0 was used as described in the text.
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- It would be useful to have “a Table 5-9", not just for the flagger scenario, but also
for the mixer/loader and applicator scenarios.

• Section 5.4.3.3
- Please comment on why an alternate exposure assessment methodology was

utilized for the flagging activities, including the reference for the alternate
approach (if any), what are the strengths and weaknesses of both approaches
(PHED vs alternate approach), inherent conservatism and uncertainties, and
validation and acceptance of both methods.

- 2nd paragraph - PMRA is misquoted. “PMRA (2006) indicated that within an
agricultural setting approximately 20% of the aerial application rate would reach
the soil surface.”  This statement would be correct as follows:  “PMRA (2006)
indicated that within an agricultural setting approximately 20% of the application
rate is dislodgeable from foliage immediately after application.”  Since
dislodgeable residues from foliage is not the subject of this paragraph, the entire
sentence is irrelevant and should be deleted. 

- For aerial applications to forestry, the PMRA uses a 50% interception factor to
calculate buffer zones.  The drift modelling in the spray drift report did not
assume any interception.  As noted by Cantox, the published literature indicates
most of the application would likely be retained in the upper canopy under dense
foliage conditions.

• Section 5.4.4
- As noted in the Statement of Work for this contract, PMRA has produced a

guidance document on the principles/theories of estimating potential exposure
using dislodgeable foliar residue (DFR) data and agricultural transfer coefficients
(TCs) for estimating potential exposure to people entering areas treated with
pesticides, including areas similar to forestry scenarios (Post-application
Exposure Monitoring Test Guidelines (PRO98-04) available at
http://www.pmra-arla.gc.ca/english/pubs/pro-e.html).  Additional information on
this topic is generated by Exposure Task Forces and can be found at:
www.exposuretf.com and on the websites for PMRA and the U.S. EPA.   Cantox
estimated exposure to the field scout using a method developed by the USDA
Forest Service.   It would be useful to include a discussion in this section of the
USDA exposure assessment methodology versus the standard methodology used
by the PMRA and the U.S. EPA, including what are the strengths and weaknesses
of both approaches, inherent conservatism and uncertainties, and validation and
acceptance of both methods. Also discuss how the transfer rates are derived for
both methods and whether it is validated based on actual data. 

- Text reads “......a fraction of dislodgeable residue of 0.1 was used.....” Please
specify fraction in relation to what (the application rate?) and indicate how this
value was derived. 

- “The time period assumed between initial spray operations and re-entry into each
plot was short enough to .......”  Please specify what the time period was.  Also
specify the chemical-specific transfer rate that was calculated.  Please discuss
how/why  it is chemical-specific.

• Section 5.4.5, Military Trainees 
- “Military trainees were assumed to spend 2 months of the year at the 1966 spray

campaign site.”  It is unclear what this assumption is based upon, and whether
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this is an average estimate, or is it longer than average, i.e. conservative.
- 1st paragraph: the exposure pathways listed are not consistent with Figure 4-1.
- Please provide a rationale as to why exposure pathways from surface water and

groundwater were not considered.    See comments about regarding exposure
from surface water and groundwater for civilians.  

- Was exposure from dermal contact with foliage considered?   
- 2nd paragraph: What soil half-lives were used?  Were the phys/chem data

generated in Task 2A used?
- 2nd paragraph: Degradation of PCDD was not discussed previously in the report.
- Page 38, 1st equation:  the units do not cancel.  The units of soil bulk density are

kg/m3 and it appears that a conversion factor needs to be included.
- Page 38, 2nd equation: terms defined include t1/2 but t1/2 is not used in the equation,

the rate constant k is used instead.  To define k in terms of t1/2, please create a
separate equation.  For cross referencing,  it would help to number all the
equations in the report.

- Page 38, 3rd equation: units do not cancel.  Clarify the units for wild berry
consumption (currently cited as g/kg/day).  Also the study bioavailability would
not be unitless in order for the units to cancel in this equation.

- Page 39, 1st equation: include a conversion factor to allow units to cancel.
- Page 39, 2nd equation: units do not cancel.  In order for the units to cancel, the

units for soil adherence factor should be g/(cm2 day) and the dermal absorption
factor would not be unitless.

- The exposure equations on pages 38 and 39 include division by an averaging time
of 1095 days. Justification should be provided as to the appropriateness of the use
of this averaging time when calculating the HQ for the acute exposures.  

- Table 5-11: Please clarify whether consumption of berries is assumed to occur
every day for 60 days per year, and the basis of that assumption. 

• Sections 5.5.1 - 5.5.3
- Text reads “As described in Section 5.3.1, the low, central and high exposure

estimates were...” .  Report  lists exposure parameters considered as a range but
does not include canopy interception factor, which was also treated as a range for
some scenarios (military trainee).  A clearer summary of all the variables
considered as a range for each scenario (a table perhaps) would be very helpful.
Sections 5.5.4 (scout) and 5.5.5 (trainee) do not make any mention of which
variables were considered as a range to arrive at three estimates.

- Based on the manner in which the equations and data are presented in the report,
the calculations cannot be verified.  Many of the equations in the report are
difficult to understand as the units do not cancel.  Inputs for the equations are not
readily available; the reader has to search through the report and find some of
these inputs in the appendices.

- It is recommended that sample calculations be provided such that at least one
calculation per table for the exposure and hazard quotient calculations can be
followed through.  In addition, the footnotes of the tables should include the
equations used and inputs for the equations, including the toxicity reference
value.

- The spread between “low” to “high” estimates is up to five orders of
magnitude.  Please comment on this and how it impacts characterisation of
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the exposure and risk estimates. 

Section 6 - Hazard Assessment

• Section 6.1 Hexachlorobenzene 
- p. 45 - the first paragraph could note the fact that HCB was assessed by Health

Canada to be a probable human carcinogen and declared toxic under CEPA in
1993 and that it was subsequently added to the Prohibition of Toxic Substances
Regulations under CEPA in 2003, rather than using the Barber 2003 reference
that has been cited here.

- p. 46,  1st  paragraph - “Animal studies have...risk for cancer of the liver, thyroid
and kidney.”

-  p. 47, 1st paragraph - “CEPA (1993) reports a TD05...”, cites the wrong 1993
reference in the list of references at the back of the report.  This information is
taken from the 1993 CEPA assessment for HCB (ISBN 0-662-20291-0) not the
1993 Health Risk Determination publication cited. 

• Section 6.2 Dioxins
- p. 48:  “Selected Exposure Limits” would be more accurate as “Toxicity

Reference Values.”
-  p. 49,  4th paragraph - “Previously...assuming first-order elimination ranging from

7- 9 years in adults.”, i.e., more recent information indicates that elimination rates
in infants may be as little as months, so there is variation in these rates depending
upon age/other factors.

- p. 52,  last line - “Several other countries have or had recommended the same
TDI, including the WHO (1991), the UK...”, i.e., the value referred to here, of 10
pg/kg bw/day, is no longer recommended by the WHO or many other health
agencies, most including the WHO, having replaced this value with a
considerably lower one.

- p. 53, 1st bullet - “...Between 5 -11 years in adult humans.”, i.e., same comment as
above.

- Table 6-1 Heading - should be "Tolerable" vs. “Acceptable”
- p. 54,  3rd paragraph - “(Canadian Environmental Protection Agency, 1997) ??

isn’t listed in the list of references.  Was it meant to refer to the 1990 CEPA
dioxin assessment?

- p. 54 , 4th paragraph - it would be useful to have in the main report, a description
of the study from which the short term MRL of 200 pg/kg/day was derived by
ATSDR.

• p. 59, Section 6.3.1,  Specific Health Effects Associated with Agent Orange/Purple 
- this section mentions only carcinogenic effects, and none of the other effects such

as diabetes, cardiovascular disease, chloracne, spina bifida, etc.  Should either
modify the title or add the other effects.

- p. 59 - 62:  the conclusions of the IOM are highlighted in italics throughout, but
the text in the preceding paragraphs generally would support a different
conclusion, rendering the italicized text non-sequiturs.  There needs to be some
background included as to the rationale for the IOM’s seemingly contrary
conclusions.

- p. 62 - Other Cancers:  should add female reproductive cancer (cervix, uterus,
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ovary) to this list.
• p. 63, Section 6.3.1,  Evidence of Health Effects Associated With Agent Orange/ Purple

Exposure
-  there is considerable repetition of much of what is in section 6.3.1, i.e., these

sections could be better organized and the headings should be re-worked.
• Section 6.2.5 - Body Burden of Dioxin and 7.2.5 Dioxin Body Burden Calculations

- The whole weight blood values described in section 6.2.5 from the CDC survey
should be in fg/g units and not pg/g.

- p. 57, Table 6-5 -  The current background human tissue level of dioxin TEQs
(Table 6-5) may be overestimated at 22.8 pg/g lipid. Ryan et al. (Food Add.
Cont., 10(4):419-428, 1993) reported an average TEQ value based on a pool of
200 Canadian human milk samples collected in 1981-82 as 24.7 pg/g. This value
had decreased to 15.6 pg/g lipid for human milk samples collected in 1986-87.

- As such, the estimated dioxin TEQ tissue concentration of 21.8 pg/g from the
average daily intake figure of 1.8 pg/kg bw/day may be underestimated. Peak
dioxin environmental loadings probably occurred from 1960-70 so highest human
tissue concentrations would be expected in the early 1970's. This is supported by
data from Lunden and Noren (Arch. Environ. Cont. Tox., 34:414, 1998). Average
TCDD levels alone from U.S. adipose samples collected in the early 1970's were
approximately 18 pg/g (Aylward and Hays, J. Exp. Analy. Environ. Epi., 12:319,
2002). An earlier TEQ estimation, previously provided to DND was
approximately 50 pg/g lipid, based on Canadian human milk data, and is
comparable to the range recommended by Lorber (Sci. Tot. Environ., 288:81,
2002) for the U.S. population during the 1970's (50-80 pg/g lipid). A background
dioxin serum concentration of 50 pg/g lipid would result in an approximate total
body burden of 12.5 ng TEQ/kg bw. Using the estimated absorbed dose from
Table 7.1 of 30 ng/kg bw/day (single day exposure), a BB of 12.5 ng/kg bw
would increase to a BB of approximately 42.5 ng/kg bw or a TEQ lipid value of
240 pg/g lipid.

- A general recommendation would be to express all body burdens on a per kg bw
basis to avoid confusion between actual body burden and tissue concentrations
reported on a pg/g lipid.

- A good comparison,  from a risk perspective, is to the Ranch Hand cohort.   A
recommendation would be to list the various health affects in combination with
the estimated body burdens.

Section 7 - Risk Characterization

• 1st paragraph  - regarding the statement “plausible range of exposures”.   Please refer to
the general comments above on the importance of interpreting results in the context of
conservatism and  uncertainty.  Please comment on the plausibility of spreads of four to
five orders of magnitude in estimates for the same scenarios and what such uncertainty
means for the  risk assessment.

• Table 7.1.  It could be useful to compare the body burden estimates with the measured
values for Vietnam Veterans presented in Tables 6.6/6.8.  It might be possible to assess
how the estimated body burdens compare with those measured for Vietnam Veterans who
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did and did not participate in the Vietnam spray program.   It might also be useful to
recommend measuring dioxins/lipid for some of the individuals who had possible higher
exposures to validate the range of estimated values  (see additional comments under
conclusions).

• Section 7.1 - equation - please clarify what the absorption factor is, i.e, absorption into
what tissue?

• Section 7.2.1
- “Several risk estimates exceed levels that would be indicative of a concern.” 

Please state which ones – otherwise you make the reader do the work of looking
in the tables to identify values >1. 

- Last sentence: “HQ estimate for... the flagger scenarios were quite elevated...” 
Actually, the PHED flagger scenario is < 1 except for the “high” estimate, while
only the alternate flagger scenario exceeds 1 significantly.  It is unclear why there
is such a large difference between PHED and alternate method and which would
be more valid.  These results need interpretation and discussion.

- Similarly, the elevated HQs for the mixer/loader “accident” scenarios need more
context with respect to their conservatism, as the estimates derived from PHED
already incorporate the spills that happen during open mixing/loading.

• Tables 7-2 through 7-8 and 7-11 through 7-24: 
- It would help to bold or underline the values that exceed risk benchmarks.
- It would also be useful to present HQs and body burdens relative to background

exposure and relative to the body burdens that have been associated with
observed adverse effects in humans. .  This would help answer the question of
what is the contribution of risk from the Gagetown scenarios compared to
background risk for the Canadian population.

• Section 7.2.3:
-  The wording relating body burden versus possible risk is clearer her and should

be replicated elsewhere (per comments above).  However, please provide more
details on the recommendation for an epidemiology study.   Please clarify what 
“who were present in the vicinity” means.  Is the exposed group big enough to
design an epi study with any power?   Would it be more useful to investigate the
utility of the existing ranch Hand studies to the Gagetown scenario? 

• Section 7.3.1 
-  Please specify whether background exposures for HCB were added into the

exposure estimates and that is the basis for comparing the HQ to 1

Section 8 - Uncertainties

• Section 8.1
- “...the central tendency represents the most likely case.”  How does this

methodology compare to risk assessments that have exposure estimates
representing the 95th % Upper Confidence Limit of the mean?

- This section lists the assumptions that have uncertainty, but provides no context
for interpreting the effects of such uncertainty on the resulting risk estimates. 
Suggest adding discussion including sensitivity analysis of the effect of these
assumptions on the results.  This bulleted list leaves little assurance that the
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assumptions collectively lead to a conservative (protective) estimate of risk.
- How would the incremental risk added by considering a worst-case scenario for

surface water and/or groundwater affect the existing range between the low-
central-high risk estimates?  It might help to discuss the risks from the various
exposure pathways to put them into perspective, especially with regard to the
overall uncertainty in the assessment (as reflected by the range).

- Suggest discussing  the possibility of cumulative risk posed by exposure to both
dioxins and HCB.

• Section 8.2 
- Bullet 5 - The uncertainty factor for the long-term dioxin TDI is 10.  Ten is

debatable in terms of whether it is a large uncertainty factor.

Section 9.0 - Conclusions and Discussion

• Conclusions section is confusing.   A re-structure with sub-headings such as acute and
chronic wold help.  For example, the second bullet could be a sub-point under the first
bullet as both deal with acute exposure.  It is unclear if the conclusions are based on the
central exposure estimates.  Sometimes the “high end” estimate is invoked, when it
indicates risk.  It may be better to organize the conclusions by receptor group rather than
by chemical.

• Structuring results by chemical emphasizes that the risks were evaluated separately. It is
unclear what the cumulative risk from exposure to both dioxins and HCB (if this was
possible) would be?  Would this be calculated by summing the  HQs?

• Dioxins
- 1st bullet - “Acute effects examined through this evaluation have been classified

as ‘less serious’ by ATSDR.”  - the way this is written, it suggest that the effects
have no connection with the exposure levels.  For clarity, it would be better to
say, “The acute effects associated with these levels are among those classified as
‘less serious’ by the ATSDR.”

- The second bullet seems to be definitive ("some individuals may have
experienced effects"), even taking into consideration the uncertainties described.
The fifth bullet could include possible biological monitoring of individuals who
were estimated to have been involved with mixer/loader accident scenarios.

-  3rd bullet - “...as a result, no dioxin related adverse health risks are predicted for
military trainees...”.  Again, this is the wrong tense, in view of the fact that we are
looking at past risks.  It would be better to use a time-independent verb, such as
“would be expected”.

- 5th bullet - it is recommended that further epidemiological investigations
focussing on individuals who were present in the vicinity of the 1966 and 1967
spray applications, be undertaken.  An alternative approach might be to
recommend serum dioxin analyses for these individuals where possible,
particularly for the two occupational categories highlighted.  These data could
then be compared to the body burdens of Vietnam veterans, etc.  and to the
associated epidemiology and health studies. 

• Hexachlorobenzene 
-  Last bullet “ILCR estimates for the central tendency receptor are essentially
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equivalent to the benchmark for the 1967 spray period.”   Meaning is unclear. 
Should be reworded to clearly indicate what is meant by the “benchmark” the
ILCR estimates are being compared to.

- The section is called “Conclusions and Discussion” yet there is very little
discussion.

References:

• CDC. 1998 - appears to be the same as ATSDR. 1998.  - please verify
• Demaree and Creager - should be 1968, not 1968a
• Demaree and Haws – should be 1968, not 1968b
• Health Canada.  2004.   Federal Contaminated Site Risk Assessment in Canada.  Part I:

Guidance on Human Health Preliminary Risk Quantitative Assessment Health Canada.....
- should become Health Canada.  2004a.  This reference has been cited on numerous
occasions in the text while citing  TRVs.  The proper reference in those cases should be:
Health Canada. 2004b.  Federal Contaminated Site Risk Assessment in Canada.  Part II. 
Toxicological Reference Values (TRVs).  Environmental Health Services.  Safe
Environments Program.   September 2004.

• Health Canada.  2005.  Please insert "Factsheet" in the citation.
• IARC.  1997.  Citation incomplete - please insert : Volume 69.  Polychlorinated

Dibenzo-para-Dioxins and Polychlorinated Dibenzofurans.  Summary of Data Reported
and Evaluation.

• Karch et al. Typo “Cietnam”
• PMRA, 2005.  This reference is not cited anywhere in the report.
• PMRA. 2006. Personal Communication with Mary Mitchell – suggest providing her title

and division.

Appendix A:

Major comments:

The following Canadian reviews on pentachlorophenol and its contaminants should have been
consulted during the preparation of these comments, to obtain additional data sources for levels
of impurities in PCP formulations:
- Jones, P.A. (1981). Chlorophenols and their Impurities in the Canadian Environment.

Report EPS 3-EC-81-2, Environment Canada, 434 pp.
- National Research Council Canada..  1982.  Chlorinated phenols: Criteria for

environmental quality. NRCC  No. 18578. 191 pp.
- Gilman, A.P.; Douglas, V.M.; Newhook, R.C.; Arbuckle, T.E. (1988)

Chlorophenols andtheir impurities: a health hazard evaluation. Health and
Welfare Canada..  Document No. H46-2/88110E.

Based on the above reviews, additional dioxin levels in American PCP products, should be
provided and considered for the exposure and risk assessments.  For example, papers from
Rappe et al (1982), Nilsson et al, (1978), Rappe et al (1978), Rappe et al (1979) and Arsenault et
al (1976) all contain such information.



25

Specific comments (typos and minor insertions are generally noted in bold fonts):

• The main report text needs to reference this appendix where appropriate
• Section A1-1.0 Pentachlorophenol

- Page A-1, para.. 1, last sentence states: “The use and uncontrolled incineration of
technical grade PCP is one of the most important source (typo, singular) of
PCDDs and PCDFs in the environment”.  Please provide reference for this
statement.  This statement may have been true at one time in the past but the
current uses of PCP are strictly limited to industrial uses (heavy duty wood
treatment).  Reference: Agriculture Canada..  1992. Re-evaluation of heavy duty
wood preservatives.  Announcement A92-02.  Available at:
http://www.pmra-arla.gc.ca/english/pdf/rev/rev_a9202-e.pdf)

- Page A-1, para. 5 states that: “The water soluble form of PCP
(pentachlorophenate salt) generally had lower concentrations of PCDDs and
PCDFs when compared to organic soluble pentachlorophenol.   However, Table
A1-1.1 clearly shows that detectable amounts of TCDDs (0.05-0.25ppm) were
ONLY found in Na-PCP samples. This is also contrary to the statement below
table A1-1.1 : “These reports all agree that the lower substituted congeners (....)
were below the detection limit.   These unexpected results were later found to be
an unusual 1,2,3,4- substituted isomer (Buser and Rappe 1978 in: Rappe et al
1982).  Please revise the text accordingly.

- Page A-2, Table A1-1.1.  In the title, please replace the term “commercial” by
“commercially available”.  Commercial grade PCP was a formulation that
contained up to 20% tetrachlorophenol, a product very different from the
technical grade PCP that was available at the time (REF).

- Page A-3, Table A1 1.2, title, as above
- Page A-3, Table A1 1.3. Title: please change to .... based on Tables A1-1.1 and

A1 1.2
- Page A-3, Table A1 1.3. The values in the min and max rows are inverted
- Page A-3, Table A1 1.3. last row: “Total ppm by TEF” should read : Total ppm as

WHO-TEF
• Section A1-2.0   2,4,5-Trichlorophenoxyacetic Acide (2,4-T)

- Page A-4 states “one sample of 2,4,5-T contained about 27 ppm...” but Table A1-
1.4 reportedly citing the same study (Elvidge, 1971) does not list any TCDD
concentration greater than 0.50 ppm.  Additional information is provided by
Firestone et al (1978) who reported levels of 2,3,7,8-TCDD in stored drums of
Agent Orange (before 1970), and estimated levels as high as 100 g/g (100 ppm)
in individual 2,4,5-T formulations.  

- Page A-6: para. 4: Edmunds et al (1973) in not cited in the reference section. 
- Section A1-2.1 Agent Purple, Page A-6: It seems very probable that the dioxin

level (45 ppm) reported by Young et al. (2004) in a single agent purple sample
would be referring to the same sample reported earlier as 45 ppm TCDD  by the
same author. Please verify. The "Detrick" reference is not cited in the reference
section

- Page A-6: Agent Orange weighted mean concentration of TCDD was 1.98 ppm.
But the maximum detected was 15 ppm, so using 2 ppm is not a worst case, i.e.,
the TCDD content could have been higher.  Why was a range used for Agent
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Purple and not for Agent Orange, when there are data on the range measured in
Agent Orange?

- Page A-7 states “For the purposes of the current assessment all 2,4,5-T in Agent
Purple should be assumed to be contaminated at a level of 45 ppm TCDD.” In the
report, however, a range of 5 to 45 with a central estimate of 32.8 ppm is used.

- Report text needs to reference this appendix where appropriate.

Reviewers' citations for Appendix A: 

Arsenault, R.D.  1976.  Pentachlorophenol and contained chlorinated dibenzodioxins and
dibenzofurans in the environment.  A study of environmental fate, stability, and significance
when used in wood presenvation.  Proceedings of the American Wood Preservers Association
20: 122-148.  (Reporting levels in American products)

Firestone, D.  1978.  The 2,4,7,8,-tetra...... problem: a review.  Ecol. Bull. (Stockholm) 27: 39-52

Rappe, R.D., Gara, A. And Buser, H.R.  1978.  Identification of polychlorinated dibenzofurans
(PCDFs) in commercial chlorophenol formulations.  Chemosphere: 12: 981-991

Rappe, C., Buser, H.R. and Bosshardt.  1979.  Dioxins, dibenzofurans and other polyhalogenated
aromatics: production, use, formation and destruction.  N.Y. Acad. Sci 320: 1-18

Rappe, C., Nygren, M., Buser, H.-R., and Fauppinen, T.  1982.  Occupational exposure to 
polychlorinated dioxins and dibenzofurans. In: Chlorinated Dioxins and Related Compounds:
Impact on the environment.  Hutzinger, O., Frei, R.W., Merian, E. and Pocchiari, O. (Eds.). 
Pergamon Series on Environmental Science, Vol. 5., Pergamon Press, Oxford, England.  Pp.
495-514.

Appendix B

• Major comment: Dioxins and furans are not the only contaminants found in PCP
formulations.  HCB is also generated during the manufacture of pentachlorophenol (for
example: Canada Gazette (1991), volume 135, No 39; Rappe et al 1982).  Please provide
information on the HCB content of PCP formulations. This information should be taken
into account in the exposure and risk assessments.

• Table B1-2, Chem/Phys properties of TCDD:
- Many of these values are different from those in Task 2A, Table A-1, which were

supposed to provide a common database for all other tasks.  The two sets of
phys/chem values should be reconciled. 

- TCDD half-life in soil is listed as 10,000-30,000 hours, which converts to a range
of 1.1 to 3.4 years.  What is the value in parentheses -  an approximate mean? 
The half-lives in soil vary over a wide range; was this range reflected in the
exposure assessment calculations of soil concentration 1 year after spray event (p.
38), or was a single value used?  It is unclear where the values were used.  Using
the low end (10,000 hours), the fraction remaining after 1 year is 0.54, while
using the high end (30,000 hrs), the fraction remaining after 1 year is 0.82.  How
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sensitive is the risk estimate to this range?
- Half-life in sediment water is listed as >30,000 hours.  This converts to 3.4 years,

which does not match value in parentheses (~6 years).
- Text on page B-37 states that half-lives in soil and sediment range “from 2 to

greater than 6 years”.  Not consistent with Table B1-2, which has 1.1-3.4 yrs for
soil, and >3.4 years for sediment.

• Table B2-2.1: Chem/phys properties HCB
- Values are different from those in Task 2A, Table A-1.
- Half-lives in soil in table are referenced as Mackay et al. 1992, but half-lives in

soil on page B-76 are referenced as Griffin and Chou, 1981.

• Page B-7, para. 2: the reference "COT 2001" should be presented as "UK COT 2001" to
conform with the citation in the reference section. Please review the entire Appendix B
and make the appropriate changes

• Page B-8, last para., last sentence ".... are summarised in Table B1-3.1.  Do you mean
Table B1-3.3 ?.

• Page B-9, first sentence: "Table B1-3.3....".  Do you mean Table B1-3.4 ?. 
• Table B1-3.4: make the following insertion in the title: "Summary of Human Health

effects of 2,3,7,8-TCDD Exposure"
• Table B1-3.4: Summary of effects of 2,3,7,8-TCDD Exposure, comments for Respiratory

effects: please provide specific references for  "....other occupational studies" (line 5);
"Operation Ranch Hand and follow-up cohort studies of those involved in Seveso...."
(line 6)

• Table B1-3.4: Summary of effects of 2,3,7,8-TCDD Exposure, comments for Renal
effects: please provide specific references for :" Similar to other studies..." (line 4)

• Table B1-3.4: Summary of effects of 2,3,7,8-TCDD Exposure, comments for Dermal
effects: please provide specific references for :"Studies of a chemical laboratory (line 4
and others in the same sentence.

• Table B1-3.5: Please provide units for the exposure duration (1st column)
• Page B-12.  1st para., line 4: the "COC, 2001" should be presented as "UK COC 2001" to

conform with the citation in the reference section. Please review the entire Appendix B
and make the appropriate changes.

• Page B-15, para. 3, line 13.: Please define "ED01"
• Page B-17, para. 2.  "In an NTP study completed in 2003 (NTP, 2004a, b, c, d)...".  Four

references are listed.  Which is the correct one?
• Page B-17, para. 3.  Again 4  references are listed.  Which is the correct one?
• Page B-20 . Table B1-3.6:  Significant Exposure to 2,3,7,8-TCDD. Which animal species

were studied? Also please provide references in every case.

• Section B1-4.1 Absorption
- Most of the references in this section are quite old.  Please provide more updated

information and revise text. 
- Page B-21, 1st para.  It is surprising to find an MOE (1985) reference to provide

such information.  Please use more appropriate recent references.
- Page B-22, para. 2 and 3: Please provide references for those 2 paragraphs as it is

unclear if all the information presented here is from Dann (1989)
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• Page B-24  - See comments for main report regarding body burden.
• Page B-25, last para.: What does AUC stand for?
• Page B-27. Insert a blank line to separate first 2 paragraphs
• Page B-30, 2nd para.  Health Canada is in the process of re-evaluating the TRV for

“dioxins” but provisionally the Food Directorate uses the FAO/WHO JECFA TMI of 70
pg TEQDFP-WHO98/kg bw/month (TEQ includes dioxins, furans and dioxin-like PCBs)
which corresponds to 2.3 pg TEQDFP-WHO98/kg bw/day. 

• Page B-38, last para., line 3: please replace "principle" by "principal"
• Page B-76: 

- “The average half-life of HCB estimated from results of a number of studies is ~9
years.”  What type of half-life?  Soil (aerobic or, anaerobic), or water?

- HCB half-lives in soil vary over a range; was this range reflected in the exposure
assessment calculations of soil concentration 1 year after spray event (p. 38)? 
The values could not be located

Appendix C

Major comments:
• An average daily intake estimate of PCDD/DFs and dioxin-like PCBs via food

consumption specifically for adults has not been calculated to estimate current exposure
levels.  Instead, the present day average exposure estimates of PCDD/DFs and dioxin-
like PCBs through food consumption are given in the form of just one value, “0.88 pg
TEQ/kd/day” for all Canadians (all age groups and genders combined) from the Total
Diet Study (1992 to 1999).   This mean value, calculated by the Food Safety Division,
comprised all the individual daily food intake rates from all the respondents from the
Nutrition Canada Survey (1970-1972) that were combined the respective contaminant
levels in each of the analysed food composites (Personal communication from Dr. Xu-
Liang Cao, Food Research Division, Bureau of Chemical Safety, Health Products and
Food Branch, Health Canada ).  The resulting EDI, “0.88 pg TEQ/kd/day”, is the overall
mean calculation for all individuals, regardless of age or gender.  It is not a calculated
lifetime EDI weighted by age as inappropriately presented in Tables C1-1.6 and C1-1.7.
It was unclear why a lifetime composite receptor was used instead of the adult, as only
adult receptors are considered in this risk assessment.  In addition, more background
information on the Total Diet Study and the Nutrition Canada Survey should be provided
in this Appendix (see Cao, 2005).
- Therefore, adult age-specific DLC (dioxin-like compounds?) intake estimates

should be calculated using a complete set of data on levels of DLCs detected in
analysed food commodities from the Total Diet Study (1994-1995 and 1995
to1999).  These latter, more recent concentrations of DLCs were provided to Mr.
Elliot Sigal of Cantox Environmental Inc. on  January 5, 2006 by Ms. Deborah
Schoen of Health Canada regarding Cantox (2006).   These data were obtained in
a personal communication from Dr. Jake Ryan (Senior Research Scientist, Food
Research Division, Bureau of Chemical Safety, Health Products and Food
Branch, Health Canada ).  Please contact Health Canada to obtain these data sets
if they are currently unavailable.

- For the background values for the other exposure media (air, water and soil)
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please provide additional information on the data sets: dates, types of surveys,
complete references, etc....  In addition, provide a discussion on how
representative the historical EDI represent the exposure in 1966 and 1967 or if it
is more representative of another time period? 

- A review of previous Canadian exposure assessments to dioxins and furans has
not been performed. What is the rationale for this data gap?  A good starting point
would the exposure assessments presented in the 1990 CEPA report. Other papers
by Birmingham et al (1989a; b) and Ryan et al (1997) should also be considered.

- Throughout this appendix, it is difficult to compare various estimated daily
intakes as they are either reported as a daily intake ( x pg/day) or on a body
weight basis (x pg/kg bw/day), sometimes in the same sentence.  Please report the
intake data in a consistent manner.

- Please note that all the above major concerns/comments also apply to HCB.
- The notable downward temporal trend in the DLC concentrations in various

environmental media, even during the last decade, should be presented and
discussed, when possible.  For example, consider presenting Figure 23 from Cao
et al (2005) to show the trend over 8 years.  For example,  Lorber(2002) and
Aylward and Hays (2002) provide empirical evidence of this downward trend.

• Minor comments and typos (typos and minor insertions are generally noted in underlined
bold fonts):
- Appendix C cover page title “Estimated Daily Intakes” is too vague.  Consider

replacing it by something like: “Current Estimates of Daily Intakes of Dioxins
and HCB for the Canadian General Population”

- Section C1-1.0 Canadian Population Dioxin Estimated Daily Intake
- Page C-1, first paragraph states: “Estimated daily intake rates of PCDD/PCDFs

for the Canadian general population were calculated in 2006 by Cantox
Environmental Inc.”.  Please provide more information on the context of that
contract report and the reference.

- Page C-1, Table C1-1.1,  the reference Health Canada (2004a) and all those cited
as “Source” are not cited in the reference section.

- Page C-1, last paragraph, first sentence should read “Average food intake
rates.....”

- Page C-1, last paragraph, 2nd sentence should list the name of the cities as well as
the dates of sampling

- Page C-2, Table C1-1.2 title: the reference Health Canada (2006) is not cited in
the reference section.

- Page C-4, para. 1, last line; The reference should be cited as Cao et al (2005), not
as Xu-Ling et al. 2005).  Please make the corresponding changes in the text and in
the C1-2.0 reference section.

- Page C-4, Table C1-1.4 title: please insert: “......PCDD/PCDFs and dioxin-like
PCBs for....1999".  Furthermore, as indicated in the general comments of this
appendix, this table must be completely reworked to present current “adult” EDIs

- Page C-4, para. 3, lines 1 and 2 : the soil background level should be expressed as
4 pg WHO-TEQ/g soil (dry wt).

- Page C-4, para. 3, states that: “This value (of 4 pg WHO-TEQ/g soil (dry wt) 
from the previous sentence) is based on the highest mean background
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concentration for Canadian soils of 5.0 pg  TEQ/g”.  This statement is unclear:
please re-phrase and/or provide more information.

- Page C-4, para. 3, reports a U.S, EPA value of 3.5 pg TEQ/g for rural background
(U.S. EPA 2000).  However, in Table C1-1.8,  US EPA (2003) reports a current
background (rural or urban?) level of 9.3 pg TEQ DF-WHO98/g in soil.  In
addition, a background concentration of dioxin-like PCBs is reported to be 2.3 ppt
TEQ p-WHO98. U.S. EPA (2003) is the revised draft version of the U.S. EPA
(2000) draft.  Which value is the correct one?  Would the units be different?

- Page C-5, Table C1-1.6: please provide an example of full calculations to arrive
at “Historical” estimated EDIs, otherwise it is impossible to verify any of the
calculations.

• North American Population Dioxin Estimated Daily Intake
- Page C-7, Table C1-1.9: please provide average body weights for each age group.
- Page C-7, Table C1-1.9: first row, last column - typo: WHO

• Historical Dioxin Levels
- Page C-8, Table C1-1.10: please expand this table to provide the historical

concentrations used to calculate the historical EDIs (similar to what was done in
Table C1-1.8)

- Page C-8, the last paragraph actually presents the results of a pharmacokinetic
modelling exercise performed by Pinsky and Lorber (1998).  The last sentence
states: “ This dose (1.5 to 2.0 kg/kg/day) may have dropped to  as low as 0.1
pg/kg/day (7 pg/day) and less into the 1980s”.  How do you reconcile these
estimated results with those presented in Table C1-1.10?   The more recent
modelling results from  Lorber (2002) and  Aylward and Hays (2002) would have
been much more appropriate.

• Section C2-1.0 Hexachlorobenzene (HCB) Estimated Daily Intake
- The major comments (lifetime receptor, ....) outlined above for PCDD/DFs also

apply to hexachlorobenzene.  Please revise text accordingly. This entire section is
essentially based on the Priority substances list assessment report for HCB
published in 1993.  Cao et al (2005) is the only new reference added to this
section.  Please perform a  literature review to identify new data sources to
present a more current exposure assessment.

• Health Canada Total diet Study
- Table C2-1.1 reference should be Cao et al. (2005)
- Table C2-1.2: it is incorrect to calculate weighted averages for HCB because the

exposure varies according to diet age-specific diet.  Please calculate arithmetic
means for each age class based on the results presented in Table 10 from Cao et al
(2005)

• Canadian Environment Protection Act
- Page C-11: the above section heading is misleading.  Please consider “Priority

substances list assessment report for HCB”
- Page C-11: please indicate that all the results from this section were taken

verbatim from the assessment report
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- Table C2-1.3: the reference “Environment Canada, 1993" for this table and there
after should read “Government of Canada/Health and Welfare
Canada/Environment Canada (1993)” or CEPA (1993)

• Historical and Current  HBC EDI - Table C2-1.5 is identical to Table C2-1.3:  why was it
necessary to present it again?

• Section C1-2.0 References - Dann, Tom : please provide his title, affiliation, etc.

Citations for Appendix C: 

Lorber, M.  2002.  A pharmacokinetic model for estimating exposure of Americans to dioxin-
like compounds in the past, present and future.  Sic. Total Environ. 288: 81-95

Aylward, L.L. and Hays, S.M.  2002. Temporal trends in human TCDD body burden: Decreases
over three decades and implications for exposure levels.  J. Exp. Anal. Environ. Epidemiol. 12:
319-328.

Birminghan et al. 1989a.  Chemosphere 19: 507-512

Birminghan et al. 1989a.  Chemosphere 19:637-642

Ryan et al.  1997.  Organohalogen Compounds 32: 229-232

Comments on Style and Grammar:

Some suggestions to include the  readability of the report are 
• Minimise the use of phrases such as “It is important to recognize...”, “It is important to

note...”, “It should be noted that...”, “It is important to understand that...”, “It should be borne
in mind that...”  These phrases make the document seem ponderous and pedantic.

• Minimize overuse of subjunctives such as “should” and “would.”.  On seeing “should” in the
report, readers may ask “Why?” For example, if the report states that a certain assumption
“should be” or “must be” made, that could mean many things – because of a lack of data,
because Cantox is choosing a protective or conservative value, because of a regulatory
requirement, etc.  Suggest replacing should/must with the more precise reason for the action
or decision taken whenever possible.  As for “would”, usually it can be replaced by a more
definite statement.  Some specific examples: 
- Section 7.2.1: “Several risk estimates exceed levels that would be indicative of a concern

(HQ > 1).”  Why not use “are” instead of “would be”?
- P. 3:  “...data... should be comparable” Who judges the data to be comparable? Cantox?
- P. 6, Table 2-2 footnote: “This should reflect the concentration...”  Do you mean “This

was assumed to reflect the concentration...”?
- P. 17 “...half lives of the COCs would need to be considered...”  Why not simply ‘were

considered’?
- P. 18:  “...conservative assumptions must be made...”  Why?
- P. 88:  “... assumptions should be made...” Why not simply state “assumptions were

made”?
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• “Since” is sometimes used  when the proper term is “because.” “Since” indicates time
elapsed.  “Because” indicates a reason or explanation.  Example: Since the report was issued,
we have discovered some errors. Because the errors were discovered, we will revise the
report.

Typographical Errors:
- Word consistency: Both TIER and Tier are used in the report.  Tier is correct because the

word is not an acronym so there is no reason for it to be all capital letters.
- ES-2.0 “defense” should be defence - use Canadian spelling.  This was noted in other parts of

the document as well.
- ES-2.0, paragraph 2, 4th bullet - “include” should be “included”
- ES-7 - Dioxins  “Many of the people exposed for a short time could  have experienced

elevated short-term health risks”, i.e., this is describing something which occurred in the
past.

- Section 1.0 - Footnote 1, page 1: there is an extra parenthesis in front of PCDFs.
- Section 1.0 - Page 2: “This report is organized as follows.....Section 2.0: Description of Tier

1 Issues”
- Page 4 - 5th paragraph: “A system of time runs was used during application.....”
- Page 5 - 5th paragraph: “40 km”
- Page 6 - 1st paragraph: typo - “hcbcontaminant”
- Figure 4-1 - 2nd footnote, typo “areaas”
- p. 19:  3rd paragraph, missing word: “This was accomplished by Army personnel...”
- p. 25: “t = aamount......”
- p. 32, 1st paragraph: “39 plots”
- p. 32, 2nd paragraph, 3rd line: “....with PCDD while and additional 18 plots were sprayed...”
- p. 35, 2nd paragraph: “.....rate prior to reaching a flagger.”
- p. 35, 3rd paragraph: “....including an upper, lower and central approximations.”
- p. 59 - 1st paragraph - “In particular...in another study of...”
- references - WHO.  2001. -typo: "Roam"



CANTOX ENVIRONMENTAL – RESPONSE TO PEER REVIEW
AND HEALTH CANADA COMMENTS 

Unless otherwise noted, all comments have been addressed.   

Responses to comments made by the Peer Reviewers 
Section Major Comment Response 

Major Issues 1) Exposure 
Estimates 
 
 

Issue:
From our perspective, there does not appear to be enough 
information provided to arrive at the same exposure estimates that are 
reported in Tables 5-12 to 5-17.  We have tried to verify the 
estimated exposures in �ng/kg bw� and have not been able to arrive 
at the same values.  More specifically, when we completed the 
exposure calculations using the supplied information, we arrived at 
different exposure estimates...

All exposure estimates have been reviewed and verified.  A 
complete worked example has been appended to the report 
(Appendix E) that will allow the reader to follow all assumptions 
and calculations. 

2) Background Exposure 
Estimates 
 
 

Issue: 
An article by Lorber (2002) has suggested that average background 
dioxin-TEQ serum lipid concentrations in the US were between 50 
ppt and 80 ppt during the 1970�s whereas Cantox has used a value of 
21.8 ppt.  It is unclear if the Lorber paper is more accurate than the 
Cantox estimate and/or perhaps included other considerations.  
Nevertheless, if the Lorber value was used in the assessment, it is 
possible that appreciably different results would have been found 
(e.g., values in Table 7-1 would need to be revisited).   

The Lorber (2002) paper has been reviewed and included in the 
revised assessment.  Background exposure estimates for the 1960s 
have been revised to better reflect the situation at the time.  

Major Issue 3) 
Inclusion of Dioxin-Like 
PCBs in Background 
Exposure Estimates 

Issue:
Somewhat related to the above, it is possible that dioxin-like PCBs 
may have contributed to the typical background exposures that 
receptors may have been receiving at the time of the spraying events.  
In some cases, dioxin-like PCB exposures may contribute 
appreciably and, thus, should possibly be considered or discussed in 
the Cantox report. 
 
 

Discussion of dioxin-like PCBs was included in Appendix C 
whenever possible.   
 
Dietary intake of dioxin-like chemicals has been shown to 
contribute ~95% of an individual�s daily dose.  Estimates of dietary 
intake obtained from the Total Diet Study (Cao et al., 2005) 
included dioxin-like PCBs.  
 
In many cases the concentration of dioxin-like PCBs in 
environmental media (air, soil, and water) was not available.  In one 
instance dioxin-like PCBs were evaluated in Canadian air. 
However, these compounds were found at significantly lower 
concentrations than the PCDD/PCDFs and were not included in the 
background air concentration.  Therefore, dioxin-like PCBs are not 
believed to significantly contribute to dioxin like compound 



Responses to comments made by the Peer Reviewers 
Section Major Comment Response 

exposure through environmental media. 
4) Risk Calculations 
 
 

Issue: 
If exposure estimates are found to require recalculation, then the 
Cantox risk estimates provided in Tables 7-2 to 7-24 and Figures 7-1 
to 7-5 may need to be revisited.  Currently, the risk estimates are 
reproducible only if the exposure estimates presented in earlier tables 
are accurate.   

Further to comment 1 above, all exposure and risk calculation have 
been verified and modified as necessary. 

5) Discussion  
 
 

Issue: 
Stakeholders, health officials, and policy makers will want to know 
how these risks compare with those experienced by individuals in 
other cohorts, such as victims of the Seveso accident, industrial 
workers who made herbicides, agricultural workers who sprayed 
herbicides, or U.S. Air Force veterans of Operation Ranch Hand, the 
unit responsible for spraying Agent Orange and other herbicides in 
Vietnam. 
 

This information has been provided.  

6) Executive Summary 
 
. 
 

Issue: 
Many readers will immediately look for the bottom line (on page ix) 
and will seek confirmation that the overall interpretations in the 
Executive Summary are consistent with material presented later.  As 
currently written, the executive summary on page ix is not written 
with as much conviction as the bulleted items on pages 92 and 93 

The executive summary has been modified to reflect this concern as 
well as other issues required revisions. 

5.4.1.1, Page 29 Section 5.4.1.1, Page 29: The equations presented on this page uses 
several parameters for which it is hard to determine which values 
were actually selected for use by Cantox.  Specifically, the following 
parameters were not easily defined when we attempted to confirm 
Cantox�s calculations: 
 

All comments relating to exposure equations and the inability to 
follow specific calculations have been addressed through the 
modification of Section 5.0 and the development of Appendix E (a 
worked example).  This appendix provides all the input data and 
equations used in the modeling process. An exposure calculation 
example has been provided for each receptor group. 

Table 5-9 and elsewhere The Cantox evaluation has been based on data that is specific to the 
general population (both sexes).  If it is known that only men were 
using the area, it may be possible to revise the assessment based on 
male-specific data.  Since Health Canada (2004) obtained much 
information from Richardson (1997) (which provides data for male, 
female and both sexes combined), it may be a relatively 
straightforward approach to base the risk assessment on male-
specific endpoints.  It should be stressed, however, that we have not 
been provided with any information that suggest only males were 
present.  
 

DND has provided the following in response to this question:   
In order to determine whether women were involved in the trials, it 
would pay to look at the role of women in the Canadian Forces at 
that time. I believe that they were established in administrative 
roles only at that time, and would not have had active roles in 
either service support or combat trades and thus have limited to nil 
access to the training area and the spray program. Certainly there 
could be exceptions to the rule but that would be difficult to 
determine.  We have no way to confirm whether women were 
involved or not as we simply don't have a list of persons involved in 
the 1966/67 program or thereafter either. 



Responses to comments made by the Peer Reviewers 
Section Major Comment Response 

Section 5.4.5, Page 38 Perhaps the berry consumption rate could be provided as the number 
of servings per week. 

This consumption rate cannot practically be expressed as the 
�number of servings per week�. This consumption rate represents 
the average daily intake of wild berries over the course of the entire 
exposure duration. It is likely that consumption would not have 
occurred everyday but rather on a sporadic or opportunistic basis.  

Section A1-1.0 
Pentachlorophenol 
 

Page A-1, paragraph beginning �According to the ��.  This is a nice 
calculation, leading to the conclusion that PCP was applied as a salt 
rather than as water insoluble PCP.  To help the reader follow this 
more readily, please add the phrase �or, equivalently, 4 lb/gal� to the 
end of the third sentence. 

The suggested change has been made and the basis of the 
calculations clarified  

 Table A1-1.3, Page A-3: It is unclear how the mean values were 
derived.  It is recommended that 2 or 3 significant figures be reported 
in the table. 

The use of significant figures (three places) have been included in 
the Tables despite the fact that the numbers presented originally 
were as reported by the authors. 

 Page A-4, paragraph beginning �In 1971, Elvidge ��.  Is it 
�Bionetics� or �Biometrics�? 

The reference that appears in Elvidge is to Bionetics. 

Section A2-1.0 
Hexachlorobenzene 
Contaminant Levels 

Page A-10, paragraph beginning �Technical grade picloram ��, last 
sentence�  Replace �in the 200 region of 200 ppm� with �in the 
region of 200 ppm�. 

The change has been made to reflect the comment 

Page B-35, paragraph 
beginning �U.S. EPA 
(2004b)��, second 
sentence 

Page B-35, paragraph beginning �U.S. EPA (2004b)��, second 
sentence:  Replace �(mg/kg/day)-1� with �(mg/kg/day)-1�.  The 
narrative in this paragraph is further complicated by a recent paper 
that shows an increased all-site cancer risk with dioxin in Air Force 
Health Study control subjects, nearly all of whom have background 
dioxin levels; see Pavuk M, Michalek JE, Schecter A, Ketchum NS, 
Akhtar FZ, Fox KA. Did TCDD Exposure or Service in Southeast 
Asia Increase the Risk of Cancer in Air Force Vietnam Veterans 
Who Did Not Spray Agent Orange? Journal of Occupational and 
Environmental Medicine 2005;47(4):335-342.  

This study has now been referenced in the report. 
�A recent paper by Pavuk et al. (2005) suggests that dioxin 
exposure is associated with an increase in all-sites cancer risk 
although the issue of a low-dose mechanism remains unclear.� 

Appendix D Page D-5, top 
line.   

The conclusion of this commendable effort to validate the application 
of PHED data is understated.  In fact, the results, as evidenced by 
skin 2,4-D levels in Table D-2, are consistent with the estimated 
exposure levels by receptor category described in Tables 5-12 
through 5-17, indicating that the mixer/loader receptor had exposures 
at least an order of magnitude greater than the flagman receptor.  
This information should be added to the summary paragraph on page 
D-5. 

Health Canada has provided further details regarding PHED; this 
information has been provided as part of Appendix D. 



Responses to comments from Health Canada
Section Major Comment Response 
Page 4,  4th paragraph:  
 

Text read �......each plot received a series of four passes....�.   
This contradicts the assumption used in the spray drift 
report where a single spray line with a 100 feet spray swath 
was assumed, as the report did not specify.  Please clarify 
the discrepancy. 

We believe this to be correct based on information provided by Demaree and 
Creager. 

Section 2.0 Page 5/6 In the published literature, HCB is identified as a 
contaminant of PCP and should be assessed as such.  See 
comments for Appendix A. 

We were unable to locate any evidence of this in the published literature. 

Section 5.3.1 Section 5.3.1 
It is unclear how it was decided which parameters would be 
estimated as single values and which would be represented 
by a range (high, low, central estimates).  This is basically 
introducing probability into some variables and not into 
others. The report authors should indicate if all the 
variables were examined systematically to decide which 
should be treated stochastically (as a data distribution) and 
which to be treated deterministically (as a single point 
estimate), with consideration to which are driving the risk.  
A logical step in this process would be some sort of 
sensitivity analysis, i.e., considering the effect on the results 
of varying the parameters over their expected ranges, to 
determine which parameters are most important. 
 

We disagree with the reviewers general statements regarding the use of 
probability factors. We have not conducted a stochastic assessment which 
incorporates pre-defined probability density functions (PDF). The purpose of the 
�low�, �central� and, �high� point estimate exposure values was to provide a 
general appreciation for the inherent uncertainty and variability present when 
attempting to quantitatively reconstruct historical exposure events. 
 
Much of the site-specific and receptor time/activity patterns data are inadequate 
to develop meaningful PDFs. Providing a low, central and, high exposure 
estimates facilitates a semi-quantitative sensitivity analysis. Typically a 
sensitivity analysis is useful in identifying those input parameters which have 
the greatest influence on final exposure predictions. By identifying key input 
parameters, further data can be collect in an attempt to reduce the level of 
uncertainty in the overall exposure estimates.  
 
 

Section 5.3.1.2 - 
Dermal Absorption 

There are many  published studies in which dermal 
absorption of dioxins was evaluated (e.g .those listed 
below).   The results of these studies could be considered as 
part of a  weight-of-evidence approach, by  comparing 
measured and modelled values, to electing dermal 
absorption values for the low, central and high exposure 
estimates.  Consider for example� 

Based on a review of several different methods, the approach provided by the 
U.S.D.A. Forestry Service and SERA were considered most appropriate. It was 
felt that the review provided in the Appendix A was adequate.  

Section 5.3.2 - 
paragraph 2 

The incorrect conversion factor is cited for converting 
application rates from g/m2 to lbs/acre.  The conversion 
factor cited is 1.12E-01 whereas the correct conversion 
factor is 8.9.  This suggests that the exposure estimates 
could be underestimated by factor of approximately 80 
times.  Unfortunately, sample calculations were not 
provided to verify whether this error actually occurred in 
the calculations. Please verify that the correct conversion 

This is an incorrect interpretation of the wording provided in the draft report.  
The correct conversion factor was used.  This can be verified though 
examination of the Worked Example provided in Appendix E.  This text has be 
modified to ensure clarity. 



Responses to comments from Health Canada
Section Major Comment Response 

factor was used in the calculations 
Tables 5-2, 5-3, 5-4 
and 5-5: 

Diesel is listed in Table 5-2 as a component of the applied 
mixtures but is not further addressed in the report.  Is the 
intent to address this in the other tiers or to develop a 
rationale for its exclusion from the assessment? 

As indicated in the scope of work, Tier I was concerned with two contaminants 
only. 

Section 5.4.2  It would be useful to cite Technical Memorandum 141 
(which identifies that one pilot applied all mixtures in about 
30 hours of actual flying time over the three consecutive 
days, but does not identify the number of personnel 
involved in mixing and loading,  or the number of flagmen.) 
Assumptions beyond what is actually known should be 
justified. 

Noted, however, our assumption of applying all herbicide mixtures potentially 
contaminated with PCDD within one 12-hour day is considered reasonable. It is 
also in-line with the total number of hours spent spraying. 

Section 5.4.1 and 
5.4.1.2 

The  30% clothing penetration rate applied here is not 
consistent with the 75% clothing protection factor used 
elsewhere in the report. 
 

In the development of the PHED UEs, coveralls are assumed to provide a 75% 
protection factor for arms, chest, back, thighs and lower legs.  This assumption 
was inherently accepted with the use of the PHED UEs in the routine exposure 
scenario for the mixer/loader (as well as other scenarios involving the use of 
PHED UEs).  To be conservative, an additional exposure event was included in 
the risk assessment in which the mixer/loader was assumed to have a one-time 
accidental spill of 0.5 L of herbicide concentrate.  Calculation of exposure 
resulting from this event was based on the methodologies recommended by 
ENSR (2005) in which a clothing penetration rate of 30% was used.  Since this 
methodology was developed to address the specific scenario in which a given 
amount of herbicide concentrate was spilled on clothing, it was considered to be 
most appropriate to adopt this value for the current assessment.  Since a more 
detailed description of the nature of the �protection factor� described in the 
PHED database was not available, it was not possible to ascertain whether this 
value was appropriate to use to assess a situation in which a significant amount 
of liquid was applied to the coveralls.    
 

Section 5.4.3.2 
 

Why was the factor of 2.7 chosen rather than the peak 
factors calculated by REMSpC�s modelling?  It is 
misleading to state that the factor of 2.7 is �based on an 
analysis provided by REMSpC� as it could be concluded 
that 2.7 was the peak factor from the modelling, when in 
fact 2.7 is from a 1964 report on calibration trials.  The 
modelling predicted lower peak factors, i.e., Fig. 1 shows 
1.4 for the 1966 trials and Fig. 2 shows around 0.85 for the 
1967 trials. Similarly, the definition of 2.7, following the 
equation, as �worst-case multiplier based on wind speed 
and direction� suggests site-specific data and modelling 

The wording in the main report has been changed to reflect this concern. 
However, a value of 2.7 was maintained. As the reviewer points out limited 
modeling was conducted, the results of which indicated the 1967 trials (which 
were limited relative to the 1966 campaign) could produce application rates 1.4 
times the intended rate. Given the uncertainty here, the risk assessment fell on 
the side of caution and employed the value from the actual 1964 calibration 
trials. 
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were used to generate this factor, which is not the case. 
Section 5.4.4 
 

As noted in the Statement of Work for this contract, PMRA 
has produced a guidance document on the 
principles/theories of estimating potential exposure using 
dislodgeable foliar residue (DFR) data and agricultural 
transfer coefficients (TCs) for estimating potential exposure 
to people entering areas treated with pesticides, including 
areas similar to forestry scenarios (Post-application 
Exposure Monitoring Test Guidelines (PRO98-04) 
available at http://www.pmra-arla.gc.ca/english/pubs/pro-
e.html).  Additional information on this topic is generated 
by Exposure Task Forces and can be found at: 
www.exposuretf.com and on the websites for PMRA and 
the U.S. EPA.   Cantox estimated exposure to the field 
scout using a method developed by the USDA Forest 
Service.   It would be useful to include a discussion in this 
section of the USDA exposure assessment methodology 
versus the standard methodology used by the PMRA and 
the U.S. EPA, including what are the strengths and 
weaknesses of both approaches, inherent conservatism and 
uncertainties, and validation and acceptance of both 
methods. Also discuss how the transfer rates are derived for 
both methods and whether it is validated based on actual 
data.  
 

The general Statement of Work request that a human health risk assessment be 
completed. Although a full literature review of all the different approaches and 
methodologies used by various agencies would be of interest, it was not 
considered part of the modified Tier I scope. The current assessment has not 
used an out-dated methodology but one currently used by the U.S.D.A. Forestry 
Service. If the review feels that a thorough review of all approaches relative to 
one another  is necessary, this could be included (as an expanded scope) for 
another Tier. 

Section 5.4.5 Military Trainees  
“Military trainees were assumed to spend 2 months of the 
year at the 1966 spray campaign site.”  It is unclear what 
this assumption is based upon, and whether this is an 
average estimate, or is it longer than average, i.e. 
conservative. 
 

As indicated in each parameter table, this exposure parameters was assigned a 
single point-estimate value of 2 months. It was assumed that a trainee could 
spend up to 2 months of the year training in the area of the 1966 or 1967 spray 
campaign. There was not enough site-specific information to clearly define what 
is considered an average versus a conservative estimate.  

Sections 5.5.1 - 5.5.3 Based on the manner in which the equations and data are 
presented in the report, the calculations cannot be verified.  
Many of the equations in the report are difficult to 
understand as the units do not cancel.  Inputs for the 
equations are not readily available; the reader has to search 
through the report and find some of these inputs in the 
appendices.   

All comments relating to exposure equations and the inability to follow specific 
calculations have been addressed through the modification of Section 5.0 and the 
development of Appendix E (a worked example).  This appendix provides all the 
input data and equations used in the modeling process. An exposure calculation 
example has been provided for each receptor group. 
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Section 6.2.5 Body 
Burden of Dioxin and 
7.2.5 Dioxin Body 
Burden Calculations 
 

The whole weight blood values described in section 6.2.5 
from the CDC survey should be in fg/g units and not pg/g. 

We don�t believe this to be correct, please see Table 93 in CDC (2005).  

Section A1-1.0 
Pentachlorophenol 
 

The following Canadian reviews on pentachlorophenol and 
its contaminants should have been consulted during the 
preparation of these comments, to obtain additional data 
sources for levels of impurities in PCP formulations: 
-Jones, P.A. (1981). Chlorophenols and their Impurities in 

the Canadian Environment. Report EPS 3-EC-81-2, 
Environment Canada, 434 pp. 

-National Research Council Canada..  1982.  Chlorinated 
phenols: Criteria for environmental quality. NRCC  
No. 18578. 191 pp. 

-Gilman, A.P.; Douglas, V.M.; Newhook, R.C.; Arbuckle, 
T.E. (1988) Chlorophenols and their impurities: a 
health hazard evaluation. Health and Welfare 
Canada..  Document No. H46-2/88110E. 

Based on the above reviews, additional dioxin levels in 
American PCP products, should be provided and considered 
for the exposure and risk assessments.  For example, papers 
from Rappe et al (1982), Nilsson et al, (1978), Rappe et al 
(1978), Rappe et al (1979) and Arsenault et al (1976) all 
contain such information. 

In Jones (1984) it states that Agriculture Canada identified the phenolic 
impurities in PCP and NaPCP.  In 14 samples of technical PCP from five 
suppliers two isomers of DCP, three isomers of TCP and three isomers of TTCP 
were reported.  Based on percent content, the major impurities were 2,4-DCP; 
2,3,5,6-TTCP and 2,3,4,6-TCCP.  In three samples of NaPCP from one supplier 
the only major impurity was 2,3,4,6-TTCP.  Concentrations of dioxins were not 
reported for these samples. 
CEI response:  Jones (1984) does not provide data on PCDD/PCDF in technical 
grade PCP such as Timbertox  
 
Jones, PA (1981) concluded that � the identities and quantities of imputrities 
(PCDDs and PCDFs) in higher chlorinated phenols in Canadian products and in 
products imported from Europe are not well documented in contrast to the 
information on impurities in chlorophenols produced in the U.S. (Sect. 3.1)� 
Jones (1981) also concluded that �some PCP imported from Europe had been 
produced by alkaline hydrolysis of hexachlorobenzene (HCB) and, therefore, 
contained HCB as an impurity (Sect 2.1).� 
CEI response:  The product used in 1967 (Timbertox) was manufactured in the 
U.S.    It was concluded that this product had no HCB contamination. 
 
The purpose of the monograph produced by the NRC (NRCC 18578 (1982)) was 
to �provide an analysis of the scientific criteria as well as research 
recommendations that were specific to the chlorophenols and not to the PCDDs 
per se.�  This document (and its appendices) does not provide any significant 
information on PCDD/F contamination in PCP, but focuses primarily on the 
chlorinated phenols themselves as sources of contamination and adverse effects 
on the environment. 
CEI response:  NRCC 18578 does not provide any useful information on 
specific congener concentration for polychlorinated dibenzo-p-dioxins or 
dibenzofurans in PCP. 
 
Chlorophenols and Their Impurities: A Health Hazard Evaluation. Health and 
Welfare Canada..  Document No. H46-2/88110E (1988) provides a summary 
table (Table 3, page 15) that reports the data from Rappe et al., (1979) which we 
have cited in the document as one of the sources of information on dioxin 
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contamination in PCP.   No other information that explicitly addresses the 
concentration (range or quantification) of PCDD or PCDF in samples of PCP are 
provided in the document.  The dioxin data for the �American sample� of PCP 
has been entered into Table A1-1.1  
CEI response: Data for the �American product� was entered into TableA1-1.1.  
This single sample altered the mean TEQWHO upwards to 9.245 and changes 
the range to ~45 ppm TEQ. 
 
Rappe et al (1978): Identification of polychlorinated dibenzofurans (PCDFs) in 
commercial chlorophenol formulations. Chemosphere 12: 981-991.  Data in this 
document  provides concentration data (one sample) for dibenzofurans PCP. 
CEI response: The data in this paper is similar to that reported in Buser and 
Bosshardt, 1976 which is one of the sources of information already described in 
Table A1-1.1 and used to generate the TEQ for use in the assessment.   

 The main report text needs to reference this appendix where 
appropriate 

Reference to this section of  Appendix A has been made in the Main Report 

 Page A-1, para.. 1, last sentence states: �The use and 
uncontrolled incineration of technical grade PCP is one of 
the most important source (typo, singular) of PCDDs and 
PCDFs in the environment�.  Please provide reference for 
this statement.  This statement may have been true at one 
time in the past but the current uses of PCP are strictly 
limited to industrial uses (heavy duty wood treatment).  
Reference: Agriculture Canada..  1992. Re-evaluation of 
heavy duty wood preservatives.  Announcement A92-02.  
Available at: http://www.pmra-
arla.gc.ca/english/pdf/rev/rev_a9202-e.pdf) 
 

The purpose of the review is to discuss the relevance to human health of the use 
of technical grade PCP used at the time (1967); therefore this sentence has been 
changed to past tense.  Reference has been made to revised manufacturing 
practice and controlled use.  Incineration of PCP: reference Karasek FW, 
Dickson LC., 1987.  This reference appears in the text 

 Page A-1, para. 5 states that: �The water soluble form of 
PCP (pentachlorophenate salt) generally had lower 
concentrations of PCDDs and PCDFs when compared to 
organic soluble pentachlorophenol.   However, Table A1-
1.1 clearly shows that detectable amounts of TCDDs (0.05-
0.25ppm) were ONLY found in Na-PCP samples. This is 
also contrary to the statement below table A1-1.1 : �These 
reports all agree that the lower substituted congeners (....) 
were below the detection limit.   These unexpected results 
were later found to be an unusual 1,2,3,4- substituted isomer 
(Buser and Rappe 1978 in: Rappe et al 1982). 

The text has been revised as suggested to point out that organic solvent soluble 
PCP exhibited low levels of tetra- and penta-chlorodioxins.  The suggested 
explanation of the elevated concentrations of tetrachloro-dioxins in NaPCP has 
also been adopted. 
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 Page A-2, Table A1-1.1.  In the title, please replace the term 

�commercial� by �commercially available�.  Commercial 
grade PCP was a formulation that contained up to 20% 
tetrachlorophenol, a product very different from the 
technical grade PCP that was available at the time (REF). 

The Table title has been changed 

 Page A-3, Table A1 1.2, title, as above The Table title has been changed 
 Page A-3, Table A1 1.3. Title: please change to .... based on 

Tables A1-1.1 and A1 1.2 
The change has been made 

 Page A-3, Table A1 1.3. The values in the min and max 
rows are inverted 

The error has been corrected 

 Page A-3, Table A1 1.3. last row: �Total ppm by TEF� 
should read : Total ppm as WHO-TEF 

The values have been changed and express TEQ according to WHO (TEQWHO) 

Section A1-2.0   2,4,5-
Trichlorophenoxyacetic 
Acid (2,4-T) 

Page A-4 states �one sample of 2,4,5-T contained about 27 
ppm...� but Table A1-1.4 reportedly citing the same study 
(Elvidge, 1971) does not list any TCDD concentration 
greater than 0.50 ppm.  Additional information is provided 
by Firestone et al (1978) who reported levels of 2,3,7,8-
TCDD in stored drums of Agent Orange (before 1970), and 
estimated levels as high as 100 g/g (100 ppm) in individual 
2,4,5-T formulations 

The Table A1-1.4 is correct.  The text has been changed to show 0.27 ppm, not 
27 ppm. 
The content of TCDD in Agent Orange used in the report has been changed to 
include a range of concentrations as indicated by Young, 1980.  This range was 
based on nearly 500 samples of AO from unused material that remained unused 
in the US military at the end of the Viet Nam conflict.  It was believed that this 
analytical data was representative of the likely content of TCDD in Agent 
Orange, and does not represent an �estimate�. 

 Page A-6: para. 4: Edmunds et al (1973) in not cited in the 
reference section 

The reference has been included. 

 Section A1-2.1 Agent Purple, Page A-6: It seems very 
probable that the dioxin level (45 ppm) reported by Young 
et al. (2004) in a single agent purple sample would be 
referring to the same sample reported earlier as 45 ppm 
TCDD  by the same author. Please verify. The "Detrick" 
reference is not cited in the reference section 

The references by Young  in 1980 and 2004 (a review) are to the same sample of 
Agent Purple.  The reference to reports from Fort Detrick were made by Young, 
so there is no need to refer to them separately. 

 Page A-6: Agent Orange weighted mean concentration of 
TCDD was 1.98 ppm.But the maximum detected was 15 
ppm, so using 2 ppm is not a worst case, i.e., the TCDD 
content could have been higher.  Why was a range used for 
Agent Purple and not for Agent Orange, when there are data 
on the range measured in Agent Orange? 

A range of concentrations of TCDD in Agent Orange  (<0.02 to 15 ppm) has 
been used on the revised  risk assessment calculations. 

 Page A-7 states �For the purposes of the current assessment 
all 2,4,5-T in Agent Purple should be assumed to be 
contaminated at a level of 45 ppm TCDD.� In the report, 
however, a range of 5 to 45 with a central estimate of 32.8 
ppm is used. 
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 Report text needs to reference this appendix where 

appropriate. 
References to the Appendix have been made in the text of the Main Report. 

Section A1-4.0  
Conclusion 

No comments were made but as clarification of the 
quantities used in the risk assessment the summary of 
conclusions has been included here. 

Each contaminant has been assigned a range of concentrations of TCDD or 
TEQWHO in the conclusions for the concentrations to be used in the current 
assessment.  These are: 
 
2,4,5-T (isobutyl ester and butyl ester) in Agent Purple should be assumed to be 
contaminated at a level of 45 ppm TCDD with a range of  5 to 45 ppm TCDD.   
2,4,5-T (butyl ester) in Agent Orange should be assumed to have a level of 
contamination by TCDD of 2 ppm with a range of 0.02 to 15 ppm.   
All other products that contain 2,4,5-T as the phenoxyacetic acid (Labelled in 
the DND documents as �Other� and �M-2993�) the level of contamination by 
TCDD is assumed to be 2 ppm [range of 0.02 to 15 ppm].  
The level of TCDD contamination (as determined by TEQ) in PCP applied in 
1967 is 9.242 ppm with a range of  2.154 to 45.010 ppm TCDD (TEQWHO). 

Table B1-2, 
Chem/Phys properties 
of TCDD: 
 

Many of these values are different from those in Task 2A, 
Table A-1, which were supposed to provide a common 
database for all other tasks. The two sets of phys/chem 
values should be reconciled. 

Values have been cross-checked to ensure consistency.  However, it is noted that 
recent references have been used in some instances. 

 1) TCDD half-life in soil is listed as 10,000-30,000 hours, 
which converts to a range of 1.1 to 3.4 years. What is the 
value in parentheses - an approximate mean? 
2) The half-lives in soil vary over a wide range; was this 
range reflected in the exposure assessment calculations of 
soil concentration 1 year after spray event (p. 38), or was a 
single value used? It is unclear where the values were used. 
Using the low end (10,000 hours), the fraction remaining 
after 1 year is 0.54, while using the high end (30,000 hrs), 
the fraction remaining after 1 year is 0.82. How sensitive is 
the risk estimate to this range? 

1) Values listed are the range and the mean (in parentheses).  All values have 
been corrected and additional information added to the table. 
 
2) Refer to Table 5.13 in the main report.  A range of environmental half-lives, 
determined using JW, 2006 and Mackay et al., 1992, were utilized in the 
exposure assessment.  The half-lives utilized were 1, 2, and 3 years for the low, 
central and high values, respectively.  
 
 
 

 Half-life in sediment water is listed as >30,000 hours. This 
converts to 3.4 years, which does not match value in 
parentheses (~6 years). 

Values have been corrected: 
Sediment water: Range: >30,000 h; Mean: 55,888 (~6 years) 

 Text on page B-37 states that half-lives in soil and sediment 
range �from 2 to greater than 6 years�. Not consistent with 
Table B1-2, which has 1.1-3.4 yrs for 
soil, and >3.4 years for sediment. 

Text has been changed so that the values are consistent. 
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Table B2-2.1: 
Chem/phys properties 
HCB 

Values are different from those in Task 2A, Table A-1. Values have been cross-checked to ensure consistency.  However, it is noted that 
recent references have been used in some instances. 

 Half-lives in soil in table are referenced as Mackay et al. 
1992, but half-lives in soil on page B-76 are referenced as 
Griffin and Chou, 1981. 

Half-lives from other scientific studies are presented on page B-76, along with 
those values determined by Mackay et al., 1992 and JW, 2006.  The values of 
Mackay et al., 1992 and JW, 2006 are the only values presented in the table as 
they are the soil half-lives utilized for modeling within this risk assessment.  

Page B-17, para. 2 "In an NTP study completed in 2003 (NTP, 2004a, b, c, 
d)...". Four references are listed. Which is the correct one? 

References have been corrected.  In some instances all of the references were 
appropriate; while in others the correct reference was selected. 

Page B-17, para. 3 Again 4 references are listed. Which is the correct one? 
 

 

Section B1-4.1 
Absorption 
 

Most of the references in this section are quite old. Please 
provide more updated information and revise text. 

Additional references were added to this section.  These included: 
 
Nolan, R.J., Smith, F.A., and Hefner, J.G. 1979. Elimination and tissue 
distribution of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in female guinea 
pigs following a single oral dose. Toxicol Appl Pharmacol 48(1):A162. Cited 
in: U.S. EPA, 2003. 

Olson, J.R., Gasiewicz, T.A., Neal, R.A., et al. 1980. Tissue distribution 
excretion, and metabolism of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) in the 
Golden Syrian Hamster. Toxicol Appl Pharmacol 56:78-85. Cited In: ATSDR, 
1998. 
Poiger, H., and Schlatter, C.  1986.  Pharmacokinetics of 2,3,7,8-TCDD in man.  
Chemosphere 15: 1489-1494.  Cited In: Edmond et al., 2005. 
 
Birnbaum, L.S., and Couture, L.A. 1988.  Disposition of octachlorodibenzo-p-
dioxin (OCDD) in male rats. Toxicol Appl Pharmacol 93:22-30. Cited in: U.S. 
EPA, 2003.  

Umbreit, T.H., Hesse, E.J., and Gallo, M.A. 1986a.  Bioavailability of dioxin in 
soil from a 2,4,5-T manufacturing site.  Science Report 232:497-499. 
 
Umbreit, T.H., Hesse, E.J., and Gallo, M.A.  1986b.  Comparative toxicity of 
T4CDD contaminated soil from Times Beach, Missouri, and Newark, New 
Jersey.  Chemosphere 15:2121-2124.  Cited  In:  Shu et al., 1988. 
 
Nessel, C.S., Amoruso, M.A., Umbreit, T.H., et al. 1992.  Pulmonary 
bioavailability and fine particle enrichment of 2,3,7,8-tetrachlorodibenzo-p-
dioxin in respirable soil particles. Fundam Appl Toxicol 19:279-285. Cited 
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in: U.S. EPA, 2003.  

Brewster, D.W., Banks, Y.B., Clark, A.M., et al. 1989. Comparative dermal 
absorption of 2,3,7,8-tetrachlorodibenzo-p-dioxin and three polychlorinated 
dibenzofurans. Toxicol Appl Pharmacol 97:156-166. Cited in: U.S. EPA, 2003. 

Banks, Y.B., and Birnbaum, L.S. 1991. Absorption of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) after low dose dermal exposure. 
Toxicol Appl Pharmacol 107:302-310. Cited in: U.S. EPA, 2003.  

Weber, L.W.D., Zesch, A., and Rozman, K. 1991. Penetration, distribution and 
kinetics of 2,3,7,8-TCDD in human skin in vitro. Arch Toxicol 65:421-428. 
Cited in: U.S. EPA, 2003. 

 Page B-21, 1st para. It is surprising to find an MOE (1985) 
reference to provide such information. Please use more 
appropriate recent references. 

It is unclear as to why the MOE Scientific Criteria Document for Standard 
Development for polychlorinated dibenzo-p-dioxins (PCDD's) and 
polychlorinated dibenzofurans is not considered a relevant reference.  Other 
recent references were added, where appropriate, to support the adsorption rates 
for dioxin-like compounds via ingestion and dermal contact as cited by the 
MOE.  

 Page B-22, para. 2 and 3: Please provide references for 
those 2 paragraphs as it is 
unclear if all the information presented here is from Dann 
(1989) 

Sections were omitted in the revised report. 

Page B-76: 
 

HCB half-lives in soil vary over a range; was this range 
reflected in the exposure assessment calculations of soil 
concentration 1 year after spray event (p. 38)? The values 
could not be located 

Refer to Table 5-13 in the main report.  A range of environmental half-lives, 
determined using JW, 2006 and Mackay et al., 1992, were utilized in the 
exposure assessment.  The half-lives utilized were 2.7, 6, and 7.5 years for the 
low, central and high values, respectively.  
 
  

Appendix C  
Major Comments 

1)An average daily intake estimate of PCDD/DFs and 
dioxin-like PCBs via food consumption specifically for 
adults has not been calculated to estimate current exposure 
levels. Instead, the present day average exposure estimates 
of PCDD/DFs and dioxinlike PCBs through food 
consumption are given in the form of just one value, �0.88 
pg TEQ/kd/day� for all Canadians (all age groups and 
genders combined) from the Total Diet Study (1992 to 
1999). This mean value, calculated by the Food Safety 
Division, comprised all the individual daily food intake 
rates from all the respondents from the 

1) The value is no longer inappropriately represented as a lifetime EDI weighted 
by age. 
 
2) Although it is true that only adult receptors are considered in this risk 
assessment, individuals would have experienced dioxin exposure both prior to 
and following any exposures experienced at Gagetown.  Due to the long body 
half-lives of dioxin-like compounds utilizing a lifetime average is appropriate as 
it captures both early and late life stage exposure. 
 
3) Information of this nature was considered beyond the scope of the current 
study.  Information is readily available from other sources. 



Responses to comments from Health Canada
Section Major Comment Response 

Nutrition Canada Survey (1970-1972) that were combined 
the respective contaminant levels in each of the analysed 
food composites (Personal communication from Dr. Xu- 
Liang Cao, Food Research Division, Bureau of Chemical 
Safety, Health Products and Food Branch, Health Canada). 
The resulting EDI, �0.88 pg TEQ/kd/day�, is the overall 
mean calculation for all individuals, regardless of age or 
gender. It is not a calculated lifetime EDI weighted by age 
as inappropriately presented in Tables C1-1.6 and C1-1.7. 
2)It was unclear why a lifetime composite receptor was 
used instead of the adult, as only 
adult receptors are considered in this risk assessment. 
3) In addition, more background information on the Total 
Diet Study and the Nutrition Canada Survey should be 
provided 
in this Appendix (see Cao, 2005). 

Major Comment 
related issues 

Therefore, adult age-specific DLC (dioxin-like 
compounds?) intake estimates should be calculated using a 
complete set of data on levels of DLCs detected in analysed 
food commodities from the Total Diet Study (1994-1995 
and 1995 to1999). These latter, more recent concentrations 
of DLCs were provided to Mr. Elliot Sigal of Cantox 
Environmental Inc. on January 5, 2006 by Ms. Deborah 
Schoen of Health Canada regarding Cantox (2006). These 
data were obtained in a personal communication from Dr. 
Jake Ryan (Senior Research Scientist, Food Research 
Division, Bureau of Chemical Safety, Health Products and 
Food Branch, Health Canada ). Please contact Health 
Canada to obtain these data sets if they are currently 
unavailable. 

Adult age-specific DLC intake estimates were not calculated as a lifetime 
receptor was utilized in the risk assessment (see above).  Therefore, the average 
dietary intake value of 0.88 pg TEQ/kd/day for all Canadians (all age groups and 
genders combined) from the Total Diet Study (1992 to 1999) is appropriate to 
determine the current EDI rate. 

 For the background values for the other exposure media 
(air, water and soil) please provide additional information 
on the data sets: dates, types of surveys, complete 
references, etc.... In addition, provide a discussion on how 
representative the historical EDI represent the exposure in 
1966 and 1967 or if it is more representative of another time 
period? 

Additional background information was added for each environmental media 
(air, water, soil, consumer products). 
 
The following paragraph was added to discuss what time period the 
environmental data was most representative of. 
�The studies used to estimate historical levels of dioxins, furans and dioxin-like 
PCBs in Canadian environmental media were conducted between 1990 and the 
present day.  This is partially due to the low detection limits required to detect 
these particular contaminants.   In air for instance, the detection limits (pg/m3) 
required to detect dioxin-like compounds were not achieved until the mid 1980s.  
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Therefore, the background PCDD/PCDF concentrations in environmental media 
(air, water, soil and consumer products) utilized to establish the Canadian 
current and historical EDI rates are representative of concentrations in 
environmental media between 1990 and present day.  However, the historical 
EDI rates for dioxin-like compounds determined above (Table C1-11) are 
considered representative of historical exposures as in several instances, 
historical data from the early 1980s are consistent with the selected background 
environmental media concentrations.  However, the majority (~95 to 97%) of 
exposure to Dixon-like chemicals for Canadians occurs through food 
consumption.  Therefore, even large changes (ten fold) in environmental media 
dioxin, furan or dioxin-like PCB concentrations will not have a significant effect 
on the Canadian EDI rate.�   

 A review of previous Canadian exposure assessments to 
dioxins and furans has not been performed. What is the 
rationale for this data gap? A good starting point would the 
exposure assessments presented in the 1990 CEPA report. 
Other papers by Birmingham et al (1989a; b) and Ryan et al 
(1997) should also be considered. 

This was conducted using Birmingham et al., 1989a,b and the 1990 CEPA 
report. 

 Throughout this appendix, it is difficult to compare various 
estimated daily intakes as they are either reported as a daily 
intake ( x pg/day) or on a body 
weight basis (x pg/kg bw/day), sometimes in the same 
sentence. Please report the intake data in a consistent 
manner. 

Modified to be consistent. 

 The notable downward temporal trend in the DLC 
concentrations in various environmental media, even during 
the last decade, should be presented and discussed, when 
possible. For example, consider presenting Figure 23 from 
Cao et al (2005) to show the trend over 8 years. For 
example, Lorber(2002) and Aylward and Hays (2002) 
provide empirical evidence of this downward trend. 

The notable downward temporal trend was discussed when possible. Evidence 
was extracted from Cao et al., 2005, Lorber, 2002, and Aylward and Hays, 2002. 

Historical Dioxin 
Levels 
 

Page C-8, the last paragraph actually presents the results of 
a pharmacokinetic modelling exercise performed by Pinsky 
and Lorber (1998). The last sentence states: � This dose (1.5 
to 2.0 kg/kg/day) may have dropped to as low as 0.1 
pg/kg/day (7 pg/day) and less into the 1980s�. How do you 
reconcile these 
estimated results with those presented in Table C1-1.10? 
The more recent modelling results from Lorber (2002) and 
Aylward and Hays (2002) would have 

More recent modeling results (Lorder, 2002; Aylward and Hays, 2002) were 
discussed. 



Responses to comments from Health Canada
Section Major Comment Response 

been much more appropriate. 
Section C2-1.0 
Hexachlorobenzene 
(HCB) Estimated Daily 
Intake 

The major comments (lifetime receptor, ....) outlined above 
for PCDD/DFs also apply to hexachlorobenzene. 

Although it is true that only adult receptors are considered in this risk 
assessment, individuals would have experienced HCB exposure both prior to 
and following any exposures experienced at Gagetown.  Due to the long body 
half-life of HCB utilizing a lifetime average is appropriate as it captures both 
early and late life stage exposure. 

 This entire section is essentially based on the Priority 
substances list assessment report for HCB published in 
1993. Cao et al (2005) is the only new reference added to 
this section. Please perform a literature review to identify 
new data sources to present a more current exposure 
assessment. 

A literature review to provide a more current exposure assessment was 
considered beyond the scope of this assessment. 

Health Canada Total 
diet Study 
 

Table C2-1.2: it is incorrect to calculate weighted averages 
for HCB because the exposure varies according to diet age-
specific diet. Please calculate arithmetic means for each age 
class based on the results presented in Table 10 from Cao et 
al (2005) 

This was corrected. 

General Historical and Current HBC EDI - Table C2-1.5 is identical 
to Table C2-1.3: why was it necessary to present it again? 

The duplicate table was deleted. 
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APPENDIX B 

LIMITATIONS OF THE FURLONG REPORT AND  

TASK 3A-TIER 1 RISK ASSESSMENT 

[From Lisa Laird, Pensions Advocate Pensions Advocate for Bureau of Pensions Advocates, 

Veterans Affairs Canada] 

A.  Degree of exposure of any individual was indeterminable 

In Dr. Furlong’s covering letter to the Minister, he sets out “some salient information” in 

bullet points. Arguably, these points contain, in Dr. Furlong’s opinion, the most important 

facts the Minister needs to know. The very first point in the list is that “the degree of 

exposure of an individual to any chemical sprayed was indeterminable.”  

This fact bears highlighting in the context of claims adjudication because the approach 

taken to date by the Department and the Board requires that each individual prove the 

degree of his or her exposure. The information required to do so was not available to 

Dr. Furlong in 2006 with all the resources of the fact-finding study available to him, 

which included many public meetings, personal interviews, and a “vet net” coordinated 

by two Veteran volunteers (pp. 4-11). It is an impossible standard for an individual 

Veteran to meet in 2020. Imposing such an impossible evidentiary burden on 

claimants forecloses the possibility of favourable decisions for genuine and 

deserving claims and thus defeats the purpose of the legislation.  

 

B.  Military Trainee category applies only to those exposed one year after testing 

The conclusions of the Task 3A-1 Risk Assessment with respect to the category of 

Military Trainees apply only to service members who began training in or near the 

sprayed areas one year after the spraying took place (pp. 44, 104-105). These 

conclusions do not apply to individuals whose claims are based on exposure 

during 1966 and/or 1967. The Military Trainee section of the Task 3A-1 begins at p. 44 

with the following assertion and assumption:  

Historical records indicate that lands affected by herbicide applications 

may have been used for training military personnel. … The 1966 spray 

campaign was completed between June 14th and June 16th. It was assumed 

that military training operations commenced the following year on the exact 

plot locations of the 1966 spray campaign….” 
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The assumption is not as clearly spelled out for 1967, but as the same paragraph on 

page 44 discusses both 1966 and 1967 spray campaigns, and as that page also 

records that the concentrations of PCDD and HCB in the surface soil were predicted “at 

each plot one year after the initial spray campaigns” it is reasonable to infer that the 

same assumption of a one-year delay in use was applied to both the 1966 and 1967 

test sites.  

It must be noted that the “Problem Formulation” section of the Task 3A-1 (pp. v, 18) 

states that “it was assumed that training exercises occurred in direct proximity to the 

spray areas during the time of spraying.” The basis for this assumption is not given, nor 

is “direct proximity” defined. The discrepancy between the descriptions of the Military 

Trainee category in the problem formulation and results sections of the report is not 

explained.  

Importantly, the Risk Assessment and Conclusions sections for long-term or chronic risk 

estimates for exposure to both dioxins and HCB for Military Trainees repeat the defining 

characteristic of those who may have trained in the 1966-67 spray areas more than a 

year following the spray applications. Accordingly, these conclusions cannot 

reasonably be applied to claims from individuals who may have trained in or near 

the spray areas anytime between June 14, 1966, and June 1968 – during and up to 

one year after the spray tests. 

 

C.  Some evidence that training in spray areas may have occurred 

The excerpt from page 44 set out above provides further support within the Furlong 

report’s source documents for the Federal Court’s conclusion in the McAllister case that 

training may indeed have occurred in the sprayed areas. 

The reference to “historical records” indicating use of the areas for training is repeated 

on page 25 of the Task 3A-1 report. Unfortunately, neither the Furlong nor the Task 3A-

1 reports provide references to their source documents for such statements. It is 

nevertheless clear that there were historical records of some form indicating the 

use of these areas for training during and/or sometime after the spray campaigns.  

At page 12 of the Furlong report, Dr. Furlong states that he was “informed by the Base 

that the specific areas used by the Americans for testing in 1966 and 1967 have not 

been used since for formal training by the Base.” Although this has often been repeated 

in unfavourable claims decisions, the reliability of this statement is not known and 

cannot be tested: no information is given about who at the Base provided the 

information or what records he or she had available to come to this conclusion.  
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However, if the statement is to be taken as fact, it must be considered in conjunction 

with the historical records referred to on pages 25 and 44 of the Task 3A-1 report. Only 

two conclusions are then possible:  

(1) the spray area may indeed have been used for training in 1966 and 1967; 

and 

(2) the area may have been used for informal training or other purposes after 

the spraying in 1966 and 1967.  

Either conclusion is a reasonable inference based on the evidence. As such, pursuant 

to s. 39 of the VRAB Act, either (or both) inferences must be drawn if it favours the 

claimant’s case.  

 

D.  Some evidence of uncertainty about spray areas 

Despite significant details about the US tests and test areas, the Furlong report uses 

tentative language suggestive of some doubt about whether Agent Orange, White 

or Purple may have also been sprayed elsewhere.  

For example, at the bottom of page 21, the Furlong report states, “It appears that  

Agent Orange, Agent Purple, and Agent White were only applied on the USDoA test 

plots.” At page 24, the report refers to category 1 being “areas where Agent Orange is 

suspected to have been applied at CFB Gagetown.”  

This language contrasts sharply with the description only one sentence later of category 

2: “all areas at CFB Gagetown, other than Category 1 areas, where Priority 1 chemicals 

have been applied.  

There is therefore at least some textual evidence of a level of uncertainty about 

precisely where these chemicals may have been sprayed. Combined with a failure to 

identify the source material from which the boundaries of the test sites were identified, 

this introduces a level of uncertainty in the evidence that is worthy of consideration.  

 

E.  “Critical inputs” are not defined or provided 

It should be noted that at page 20, the Task 3A-1 report indicates that contact with 

chemicals in non-designated spray areas was not considered as part of the risk 

assessment because of information from a spray drift model, but that areas 

“immediately adjacent to the spray plots were considered as part of the actual spray 
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plots.” Task 3A-1 distinguishes between direct and indirect exposure in the following 

terms:  

Direct exposure would result when an individual is within the general vicinity 

of the application area during a spray event as illustrated in Figure 4-2.  

 

Indirect exposure might occur as a result of an individual coming into contact 

with various environmental media that have been impacted by previous spraying 

events. Defining on- and off-site areas which may have been either directly 

affected by historical spray events and/or as a result of spray drift is a 

critical input to the historical reconstruction of exposure. 

Despite identifying this as a “critical input”, the Task 3A-1 report does not define 

what it means by “within the general vicinity”, “direct proximity”, or “immediately 

adjacent to” the spray plots.  

 

F.  Key records were incomplete and contradictory 

On page 21 of his report, Dr. Furlong notes in the first bullet of a 10-bullet point list: 

It should be noted that the annual herbicide files that were supplied to Jacques 

Whitford [the expert retained for the study] were, more often than not, 

incomplete and information frequently had to be pieced together from several 

different documents within the same file or from different files, and in some 

cases, the documents contained in any given file contradicted one another. 

Furthermore, the details found in the applicator and monitor records were often 

sparse, and in more recent years, when applications were closely monitored, 

inconsistencies were still observed. (Emphasis added) 

While this describes the annual spray program and not the USDoA tests in 1966 and 

1967, it demonstrates the potential problems with historical and documentary evidence 

– even for more recent, “closely monitored” applications. None of the incomplete, 

inconsistent, or contradictory records that the Furlong Report and its underlying studies 

relied upon are identified. Nor is it clear what conclusions may be questionable because 

their factual foundations were merely “pieced together”.  In light of this 

acknowledgement of inadequate record-keeping, there is no justification for 

treating the Furlong Report as inherently reliable.  
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G.  The description of the 1966-67 tests is unreliable and inaccurate 

The Furlong report states: “The testing, according to the records, was conducted in an 

area of the Base that was difficult to access, under strictly controlled conditions, 

ensuring minimal spray drift.” (p. 12)  

1. Dr. Furlong does not identify which records provided this information, nor 

does he provide any details about their creation, maintenance, and 

comprehensiveness from which the reliability of the information could be determined. 

Task 3A-1 contains many details about the test parameters and a map of the 1966 

and 1967 test sites in relation to the base as a whole; however, once again, the 

source of this information is, for the most part, not given.  

 

2. The assessment that the conditions were “strictly controlled” is attributed to 

unidentified “records” and appears to be mere opinion from an unknown 

source. No details are provided to indicate what measures were taken that were 

considered to have been indicative of “strict control”. 

 

3. The report itself contradicts the description of the test sites as “remote” and “difficult 

to access”. In fact, both test sites were accessible by road, within walking/hiking 

distance of a populated area for most able-bodied individuals (< 5-10kms). 
 

At p. 12, Dr. Furlong states that the 1966 tests were located between two roads (the 

Broad Rd and the Blissville Road) only 4.5 kilometers from the nearest populated 

area. He describes the 1967 test site as “located along the Ripon Road, east of the 

Broad Road”, 8.5 kilometers from the nearest populated area.  

 

Some of the information relied on by Dr. Furlong may have been two Technical 

Memoranda (“TM”) published by the US Department of the Army in October 1968:  

• TM 145 confirms that the 1967 test plots were “laid out on both sides of 

Rippon Road.”  

• TM 141 confirms the 1966 test site was between Broad Road and Blissville 

Road.  

• The map provided at Figure 1 and the map at p. 32 of the Furlong report clearly 

indicate that both test sites begin right at the Broad Road and shows their 

proximity to the Blissville Airstrip and the Enniskillen range complex. 

• Moreover, Demaree and Creager confirm that the 1966 test plots were marked 

off along an existing, partially-vehicle-accessible trail (p. 3). At p. 7, they 

provide more detail: “At first, wheeled vehicles such as jeeps and ¾-ton trucks 

were able to traverse the swampy areas along the trail, but eventually only 

tracked vehicles could navigate through the mud and mire.” 
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• At p. 13 of TM 141 (1966 test), Demaree and Creager confirm: “Plots were 

evaluated at monthly intervals from time of application to the end of September 

1966. … Certain plots, those that were sprayed at 3 and 4 gallons per acre and 

with high concentration of material, were evaluated by walking into the sprayed 

area and recording effects of various species.” 

 

See: Technical Memorandum 141, “Defoliation tests in 1966 at Base Gagetown, 

New Brunswick Canada” K. Demaree and R. Creager, October 1968.  

Technical Memorandum 145, “Chemical Defoliation of Northern Tree Species” K. 

Demaree and A. Haws, October 1968 

 

4. There is no information in the Furlong report or its underlying studies to 

support the conclusion that there was “minimal spray drift” 

(i) Wind conditions are known only for 1966; 1967 had “unfavourable weather”  

Many summary reports and claims decisions rely on the fact that the Agent Orange 

tests were carried out when there was “little to no wind.” However, p. 7 of Task 3A-1 

indicates that this data was for 1966 only. For the 1967 dates, “Demaree and Haws 

(1968) reported unfavourable weather conditions during spraying; however, no 

details were provided.” It is therefore not known what the wind conditions were during 

the 1967 tests.  

Dr. Furlong erroneously applied the data from 1966 to the 1967 tests at page 12 of his 

report, where he wrote: “Records indicate that spraying was conducted when there was 

very little wind.” This example of inaccurately summarizing source material 

necessarily undermines the reliability of other unattributed statements within the 

report and of the report as a whole.  

Importantly, the inaccurate statement about wind conditions appears in the same 

paragraph as the statement cited above, attributed only to “the records”, about the 

testing having been done in an area that was difficult to access and under strictly 

controlled conditions. The absence of source references for these and other critical 

statements in his report makes fact-checking impossible and further undermines the 

reliability and probative value of the report and its conclusions. 

(ii) Missing critical facts and inconsistent spray drift distances:  

Although both the Furlong and Task 3A-1 reports mention spray drift modelling that 

estimated a possible exposure limit away from the flight path, the two reports appear to 

give different figures:  
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Dr. Furlong states at page 15: “Spray drift modeling has demonstrated that the spray 

could only drift 800 meters under normal conditions.” What constitutes “normal 

conditions” is not defined. Nor is there any information about whether the 

conditions that existed during the test days in 1966 and 1967 were, in fact, the 

“normal conditions” used as inputs for the modelling exercise.  

The Task 3A-1 report at page 20 refers to information provided by REMSpC (2006) 

regarding spray drift that “indicates that virtually all of the herbicide product would have 

deposited on the foliage and/or ground within 500 ft (152 m) of the flight line.” For this 

reason, drift to non-designated spray areas was not considered in Task 3A-1. “Virtually 

all” is not given any definition or context. It is clear that not all of the herbicide was 

deposited within the flight line and 500 ft margin. 

Neither of these reports provide the facts or assumptions that were used to create the 

spray drift model. It is unknown whether the error about the wind conditions in 

1967 may have affected the outcome of the modeling exercise. 

(iii) The peer review of the spray drift model demonstrated important limitations: 

The peer reviewers of the spray drift model commented, among other concerns, that “it 

does not appear that the model has the capability to predict spray drift in a scenario with 

a capping inversion, a condition that is generally believed to be a worst case condition 

for spray drift with small droplets.”  

The fact that Agent Orange was apparently sprayed with a very small droplet size has 

been cited in unfavourable claims decisions (although the source of this information is 

not given so we cannot determine its reliability) 

After reviewing REMSpC’s response to the peer review comments, the best 

endorsement the peer reviewers were able to give was: “Despite the comments given 

above, the AGDISP model, with all of its limitations, is probably the best tool that is 

currently available.”  

It is clear that the spray drift model had significant limitations and may have 

failed to predict spray drift for Agent Orange with a sufficient or reasonable 

degree of accuracy to allow its conclusions to be considered reliable. 
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H. The Risk Assessment is based on many unproven assumptions 

Unfavourable claims decisions often refer to the fact that Task 3A-1 was completed by 

non-governmental experts with the specific goal of assessing potential exposures and 

resulting human health risks. However, the fact that the experts arrived at a set of 

conclusions does not mean that this goal was successfully met or that the conclusions 

can be reliably applied to individual claims determinations.   

First and foremost, the Task 3A-1 report itself states clearly that “the risk assessment 

does not evaluate risks to particular people” (p. iv). Nor was there sufficient information 

in the historical records to be able to determine the magnitude of exposure to particular 

groups of people. Rather, the exposure assessment was completed on the basis of 

a series of estimates and predictions based on incomplete information and, in 

some circumstances, using data from wholly different situations and time periods.  

In addition, certain exposure pathways were eliminated from the study (pp. v-vi). 

Exposure through drinking water from streams or other sources in the area was 

not considered. Pathways related to brush clearing and burning were also not 

considered based on information that brush clearing was not conducted manually in 

either 1966 or 1967. Unfortunately, no source is given for that information, so once 

again its reliability cannot be ascertained.  

Because of gaps in available information and the passage of several decades, Cantox 

Environmental was forced to rely on a number of assumptions in order to complete 

its risk assessment. As a result, the evidentiary foundation, and thus the probative 

value, of Task 3A-1’s conclusions are questionable and must be carefully weighed if 

the report is to be used in an adjudicative context.  

The Task 3A-1 report itself acknowledges that “variability and uncertainty in the 

input parameters or risk model result in variability and uncertainty in the estimate 

of risk”. The report lists 5 ½ pages of uncertainties in its assessment (pp. 98-103). 

Some of these include “conservative assumptions” designed to ensure that risks are not 

underestimated. Others, however, do not appear to meet that criteria. A few items of 

note are the following:  

1. The level of contamination in Agent Orange and Agent Purple was not known but 

only assumed for the purposes of the risk assessment (p. 9) 

 

2. Only two contaminants in the herbicides were assessed in the Tier 1 risk 

assessment of the 1966-67 tests: PCDD/PCDF and HCB. (p. 17) The rate of 

exposure to these chemicals of concern was not known, but was predicted 

“using a series of conservative assumptions” (p. 11) However, essential data about 
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historical exposures was missing and substitutions for this data had to be 

found. The report states at page 17 that:  
 

Depending on the extent of data and historical records available, the reconstruction 

of historical exposures ranged from a qualitative discussion of potential exposures 

of individuals (based upon reviews of quantitative studies conducted 

elsewhere) to a detailed quantitative assessment of historical exposure estimates 

based on detailed herbicide application data.  

3. The estimate of site-related exposure is contrasted with the historical estimated daily 

intake (EDI) value of “background exposure” from normal activities unrelated to 

herbicide use at CFB Gagetown. However, with respect to dioxin, the report 

indicates that “historical EDI rates for the Canadian population are difficult to 

estimate for years prior to the 1980s due to a paucity of data.” (p. 26) Instead, 

Task 3A-1 used a value derived from a single study from 2002 that estimated that 

EDIs in the 1960s and 1970s were “as high as 6.0 pg TEQ/kg bw/day”. There is no 

discussion of what a reasonable low-end estimate of EDI may have been for that 

time period. As a result of using high-end values for background exposure, only 

the accident scenarios and routine flagging activities were found to exceed these 

background exposure estimates. This fed directly into the conclusion that 

exposure for most individuals at CFB Gagetown was not greater than that of 

the general population in that time period.  

 

4. The concentrations of chemicals of concern in the soil one year after spraying 

were not known but merely predicted using a range of forest canopy intercept 

fractions and estimated application rates of PCDD or HCB (p. 44-45). 

 

5. The uncertainty that estimation introduced is compounded by the fact that the 

“incidental soil ingestion rate” used to characterize the soil intake of a military trainee 

in the area one year after spraying also had to be estimated. As no data was 

available, the Task 3A-1 authors substituted the rate reported in 2004 for 

construction workers. (p. 45) It is readily apparent that construction workers in 

2004 were engaged in very different activities, with different clothing, and 

different access to washing-up facilities, than military trainees on exercise for 

days at a time belly-crawling around in the bush in 1966, digging “foxholes” and 

latrines, stripping branches and pulling up plants to camouflage their locations, 

drinking water from streams, eating berries, rolling in the dirt and sleeping on the 

ground with no access to showers, washing their clothes in streams if at all etc.  
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6. For the accident scenario, the liquid herbicide mixture was assumed to be in contact 

with the skin for approximately 20 minutes, which affected the proportion of the 

applied dermal dose that could have been absorbed. No reason is given for 

choosing this amount of time. No consideration appears to have been given to 

limited washing facilities or opportunities for members on field exercises. 

 

7. I was unable to find an estimated duration of dermal contact for the flagger, 

field scout, or trainee scenarios despite the acknowledgment in the report that 

the duration of time the chemical is in contact with the skin has a direct impact 

on the absorbed dose. It is therefore impossible to evaluate whether a realistic 

duration was applied to generate the risk assessment conclusions and to determine 

whether and to what extent that assumed duration is applicable to an individual 

applicant’s circumstances. 

 

8. At page 42, the rate of dislodgeable residue and rate of transfer to the skin for the 

field scout was estimated using US Forest Service estimates from 2003. It is 

reasonable to infer that these estimates were derived from chemical residue of 

approved and/or registered herbicides with which US Forestry workers would come 

into contact in 2003. No evidence is available to explain how or why those 

estimates are applicable to the unregistered, contaminated chemicals in 

Agents Orange, Purple, and White. 

 

9. Also on page 42, the exposure rate for the field scout category was based on one 

12-hour shift of walking through all 45 plots. No consideration appears to have 

been given to the very different activities engaged in by military trainees on 

exercise in defoliated areas: see above, belly-crawling, camouflaging, digging in, 

sleeping on the ground, etc.  

 

10. Dr. Furlong refers to a 24-hour time limit for hazardous concentrations of chemicals 

sprayed (p. 16). He does not provide a reference for this information. The Task 

3A-1 report does not refer to this timeframe. I have not yet found the source of 

the 24-hour limit. However, from other summary reports available on the VAC 

website, it appears that this timeframe may be related in some part to the rate at 

which Agent Orange degrades in sunlight. The 24-hour timeframe has been relied 

on in some claims decisions without any consideration of the reliability of this 

unsourced information, its applicability to the weather conditions in Gagetown 

on the relevant days in 1966 and 1967, or the potential effect of a lack of direct 

sunlight, rain, or shade from the “densely forested” area and “heavy canopy.” 
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The uncertainties introduced in the risk assessment due to the lack of data, substitution 

of data from unrelated dissimilar sources and time periods, and reliance on unproven 

assumptions supports the Federal Court’s findings that these reports cannot be 

considered the best evidence of what occurred at CFB Gagetown in 1966-67. 

The risk assessment itself acknowledges that its results “must be put into context” as 

“the level of uncertainty resulting from the recreation of activities, some of which 

occurred more than 50 years ago, coupled with the uncertainties inherent in 

standard forward-looking risk assessment is very large.” (Furlong report p. 43) 

Logically, this “very large” level of uncertainty undermines the probative value of the 

report’s conclusions when applied to individual disability claims adjudication. 

 

All of which is respectfully submitted.  

Lisa Laird 
Pensions Advocate 
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SAMPLE OF ARGUMENTS FREQUENTLY PRESENTED TO VRAB 
(Details of specific individuals have been removed) 

 
Presumption of service-relationship for environmental exposure: 

With respect to the liberal interpretation of the presumption mandated 

by the legislation itself and affirmed through Federal Court jurisprudence, the 

Applicant relies on the statutory interpretation analysis set out in Appendix 

A: Interpreting the Environmental Hazard Presumption, page 26.  

The Applicant submits that the presumption in s. 50(g) of the VWBR 

applies when the evidence reasonably establishes: (1) he was exposed to 

an environmental hazard in the course of his duties; (2) a causal association 

between that hazard and the claimed condition is reasonably possible; and 

(3) there is insufficient “evidence to the contrary” to establish on a balance 

of probabilities that his service exposures were inconsequential to the 

development of his disease. 

Reasonable evidence of exposure: 

Training for CAF members involved in field exercises in the Gagetown 

Range and Training Area (“RTA”) necessitated close contact with the soil, 

vegetation, and water in the area. 

Training involved bivouacking within the RTA for extended periods of 

time, sleeping in tents in the field or sometimes in the open without a tent, 

and drinking from area streams. Mess tins and utensils were washed with 
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ground water from the area. Food was often prepared with this same ground 

water. (evidence from individual veterans, witness statements, and 

testimony given in previous decisions) 

Some members have testified that standing orders were to “take your 

ponchos with you because aerial spraying was going on.”  

USDoA tests in 1966 & 1967: 

These chemicals “are known to be persistent as defined by CEPA”, the 

Canadian Environmental Protection Act. (EA-Ex-D1: Furlong Report, p. 27)  

This means that they “…take a very long time to break down in the 

environment - sometimes many years. These substances can affect the 

environment for a long period of time….” (EA-Ex-D9: Environment and 

Climate Change Canada definitions of Persistent and Bioaccumulative) 

There is no evidence to support the often-cited contention in past 

cases that the USDoA testing grounds remained “unused” during or after the 

tests were completed or that they were “remote” and “difficult to access”. The 

McAllister (2014) and Blount Federal Court decisions found that the Furlong 

Report did not support such a conclusion. Indeed, the Furlong Report 

contradicts its own use of these descriptions by providing facts 

demonstrating that both test areas were accessible by road and an 

established trail and were within walking/hiking distance of a populated area 

for most able-bodied individuals (only 4.5 kms in 1966 and 8.5 kms in 1967) 

(EA-Ex-D1: Furlong Report, pp. 12, 32 (map)). 
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CFS/DND Trials in 1966 & 1967: 

In addition to the American army tests, trials of unregistered herbicides 

involving the same chemicals as Agent Orange were conducted by the 

Canadian Forestry Service and the Department of National Defence in both 

1966 and 1967. The tests are reported to have included spraying in an area 

north of Enniskillen Road in the Medium Machine Gun Field Firing Area near 

the Enniskillen Range Complex. (EA-Ex-D1: Furlong Report, p. 23; EA-Ex-

D2: Task 2A Final Report, p. 25) 

There is no evidence of any restrictions on use or accessibility of the 

CFS/DND unregistered herbicide test sites in 1966 and 1967 or thereafter. 

CFB Annual Spray Program: 

The Furlong Report also confirms that CFB Gagetown used chemical 

defoliants containing the same chemicals of concern studied in the IOM 

research in “many areas” “throughout the RTA”.  

What was sprayed: 

The list of chemical compounds and their active ingredients that were 

confirmed to have been used by CFB Gagetown and the years in which they 

were confirmed to have been used can be found in Exhibit 2: Task 2A Final 

Report, pp. 21-23, Tables 2 & 3) 
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Additionally, the Furlong researchers admit: “It is possible that a limited 

number of other products may have been applied in the RTA given the level 

of documentation provided in the earlier years of the herbicide application 

program.” The products and dates reflected in the tables created by the 

HHRA researchers include only those products that “were confirmed to have 

been applied by DND at the RTA” despite incomplete and contradictory 

records. (EA-Ex-D1: Furlong Report, pp. iii, 21).  

Although many summary reports, briefing notes, and past decisions 

stress the fact that the chemical herbicides applied as part of the annual 

spray program were understood to be “commercial” and/or “regulated”, the 

Furlong research was unable to confirm that fact. The report states: “For the 

purpose of the current assessment, all herbicide products applied at the base 

were assumed to be products registered for use in Canada. As such, 

contaminant levels have been assumed to fall within levels deemed 

acceptable through the pesticide registration process.” (EA-Ex-D1: Furlong 

Report, p. 39)  As can be seen from the peer review comments on the Task 

2A report, there is no consistent, comprehensive evidence to confirm those 

assumptions.  

On the contrary, in addition to the confirmed evidence of the CFS/DND 

and USDoA trials of unregistered products in 1966 and 1967, there is 

reference within the Task 2A report to evidence indicating “the potential use 

by applicators of unregistered herbicide products” as part of the annual spray 

program. (EA-Ex-D2: Task 2A Final Report, pp. iii, 38, Appendix F) 
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Furthermore, regulatory approval in the 1960s and 1970s, when health 

effects were unknown, does not establish that the herbicides in question 

were not capable of causing serious illness. For example, 2,4,5-T (one-half 

of the active ingredient in Agent Orange and a common component of the 

annual spray program in early years) was the subject of extensive 

investigations beginning in the 1970s but was not ultimately withdrawn from 

North American commercial registrations until 1985. It was found to have 

been contaminated with harmful dioxins. (EA-Ex-D5: Briefing Note dated 7 

December 2005, p. 3). 

Where annual spraying took place:   

Unfortunately, insufficient evidence now exists to reliably identify all of 

the chemicals used and all of the areas that were sprayed in each year of 

the annual spray program. The records kept by the CAF and DND about the 

use of herbicides at CFB Gagetown are admitted to be “more often than not 

incomplete,” contradictory, sparsely detailed, and inconsistent, particularly in 

the early years but even in more recent years when applications were 

supposedly “closely monitored.” (EA-Ex-D1: Furlong Report, p. 21; EA-Ex-

D2: Task 2A Final Report, p. iii)  

What is known is that “many areas” of the RTA were sprayed 

occasionally, while some were sprayed repeatedly. At least seven areas 

within the RTA were confirmed to have been sprayed on five or more years. 

These included troop training areas such as Unit Training Area #1 and the 
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General Manoeuvre Areas as well as the Tank Driving and Manoeuvre Area 

and several Impact Ranges. (EA-Ex-D1: Furlong Report, p. 24) 

Further, recorded spray drift incidents demonstrate that the active 

chemicals from such spray events can deposit in “high concentrations” 

several kilometers beyond the target zones depending on the method of 

application, the time of day, and the weather at the time of application. (EA-

Ex-D2: Task 2A Final Report, p. 38; EA-Ex-D6: Email correspondence dated 

26 April 2007; EA-Ex-D7: Table of Spray Incidents; EA-Ex-D8: “Spray drift 

incidents”)  

A report dated 2 August 1966 outlining US participation in vegetation 

control at CFB Gagetown suggests that the CAF was specifically advised as 

early as 1964 to adjust its spray program by means of changes that would 

have significantly increased the risk of such spray drift: They were told that 

“factors which may have contributed to a degree of lack of success in the 

past” included, among other things, “droplet sizes too large”, “sub-lethal 

deposits only”; and “sprays delivered under other than inversion conditions.” 

However, a 2007 email on the subject of spray drift confirms that spraying 

during inversions is “a worst case condition for spray drift with small 

droplets.” (EA-Ex-D10: Report dated August 1966; EA-Ex-D6: Email 

correspondence dated 26 April 2007; EA-Ex-D8: “Spray drift incidents”, 

emphasis added.) 
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A 1964 spray drift incident that damaged market crops as much as six 

kilometers away from the target zone was thought to be the result of spraying 

during inversion conditions. This evidence demonstrates that atmospheric 

conditions conducive to significant spray drift do occur at CFB Gagetown in 

the summer months and suggests that the advice given by US technical 

advisors was likely followed. Although there is some evidence that DND 

undertook measures to try to correct the drift problem, another spray drift 

incident in 1972 demonstrates that these measures had limited success. 

(EA-Ex-D2: Task 2A Final Report, p. 38).  

Additionally, a damage claim from 1988 indicates that harmful levels of 

active ingredients may also spread outside the target zones through “vapor 

drift (vs. spray drift) where fine particles of the herbicide are given off the 

treated area after the application has taken place.” In the 1988 incident, 65 

damage claims were paid out to homeowners and commercial growers 

adjacent to the Gagetown training area for damage caused by vapor drift. 

(EA-Ex-D7: Table of Spray Incidents) 

As far as can be determined, the CAF has not released evidence of 

how far within the RTA borders the target area lay such that the distance 

covered by vapor drift cannot be established. Nor is it possible to determine, 

60 years later, how often vapor drift and/or spray drift affected areas outside 

the target zones. Again as far as can be determined, CFB Gagetown did not 

maintain records of drift damage that occurred within CFB borders as such 

incidents did not result in the payment of damage awards.  
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The Appellant submits that the evidence of vapor drift, in addition to 

spray drift, is nevertheless sufficient for the Panel to draw a reasonable 

inference that areas outside the target zones were likely affected by these 

chemicals. 

That inference is further supported by the fact that the chemicals of 

concern “are persistent as defined by CEPA.” (EA-Ex-D1: Furlong Report, p. 

27)  As noted above, persistence under the Canadian Environmental 

Protection Act means:  

… chemical substances that take a very long time to break 

down in the environment - sometimes many years. These 

substances can affect the environment for a long period of 

time. Because they last for so long, they can travel long 

distances and pollute a much wider area than those that 

break down quickly. (EA-Ex-D9: Environment and Climate 

Change Canada definitions of Persistent and 

Bioaccumulative) 

 

We submit therefore that the totality of the evidence permits a 

reasonable inference to be drawn that Veterans were likely exposed to these 

toxic chemicals in the performance of their duties training in the field in the 

RTA in the 1960s, whether or not the veteran was in one of the target zones 

at the time the spraying occurred.  

Exposure likely occurred through dermal contact with vegetation, soil, 

and water that had been sprayed or contaminated by spray and vapor drift; 
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through inhalation of particles from spray drift, vapor drift, and contaminated 

dust; and through ingestion from drinking ground water and from eating foods 

contaminated with herbicide residue from mess kits washed in ground water 

and/or contaminated by dust due to eating in or after moving through affected 

areas without the ability to wash properly or at all.  

The Appellant submits that this inference is reasonable given the 

objective evidence of repeated spraying in unit training areas, general 

manoeuvre areas, and gun ranges; the nature of military field exercises; the 

absence of any evidence that troops were kept out of sprayed areas at the 

time spraying occurred or afterwards; and the evidence in respect of spray 

drift, vapor drift, and environmental persistence. 

VRAB Jurisprudence supporting a reasonable inference of exposure 

The Appellant relies on several recent VRAB decisions that have found 

that evidence of field work in the Gagetown RTA at a time when toxic 

herbicides were being sprayed there is sufficient for favourable inferences of 

exposure to be drawn.  

The Federal Court has confirmed that such environmental exposures 

fall within the scope of the presumption of service-relationship: Proof of direct 

exposure is not necessary to benefit from the presumption. (EA-Attach-D1: 

McAllister v Canada (Attorney General), 2014 FC 991 [McAllister]) 
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On the contrary, the Board has ruled that “a broad and generous 

interpretation of what constitutes exposure” is required in keeping with the 

purpose of the presumption.” This approach is consistent with the liberal 

interpretation mandated by s. 2.1 of the Veterans Well-being Act and s. 39 

of the Veterans Review and Appeal Board Act (“VRAB Act”). (EA-Atttach-

D6: VRAB Decision 100003602362, p. 20; EA-Attach-D7 VRAB Decision 

100003683802, p. 11) 

Thus, while mere presence at CFB Gagetown in 1966 and 1967 is not 

sufficient to establish exposure, the Board has found that evidence of field 

work in the RTA at a time when toxic herbicides were sprayed “throughout” 

the area is sufficient for favourable inferences of exposure to be drawn.  

In both Decisions 100003602362 and 100003683802, the Board found 

that Veterans who had trained in the RTA over a period of years “would have 

come into contact with soil, vegetation and water, that had been subjected 

to herbicide spraying, and therefore [were] likely to have been, at minimum, 

exposed to these substances.” The Board found this was “sufficient to trigger 

the presumption”. (EA-Attach-D6: VRAB Decision 100003602362, p. 20; EA-

Attach-D7: VRAB Decision 100003683802, p. 11) 

In Decision 100003729377, the Appellant served four years at CFB 

Gagetown from 1963 – 1967, with much time spent travelling throughout the 

RTA. The Board concluded: “The Panel finds it unreasonable that this 

Appellant would not have been exposed to particulates from the spraying of 
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Agent Orange, even if the Appellant cannot prove he was in the spray zone.” 

(EA-Attach-D8) 

In Decision 100004647676, the Board concluded that a reasonable 

inference of exposure could be drawn for a Veteran who started his training 

at CFB Gagetown in the fall of 1967, had exposure to foliage and water within 

the RTA, and was diagnosed with diabetes in 2016. (EA-Attach-D9: VRAB 

Decision 100004647676) 

Similarly, in Decision 100003933765, the Board granted full 

entitlement for diabetes to a fellow artilleryman based on his training within 

the RTA in 1966 and 1967, which the Board found would reasonably have 

resulted in environmental exposure to Agent Orange. (EA-Attach-D10: 

VRAB Decision 100003933765) 

Reasonably possible causal association: 

Pursuant to long-established policy, Veterans Affairs Canada 

recognizes a specified list of illnesses as being associated with exposure to 

Agent Orange and other herbicides for disability benefits purposes. (VAC 

Policy: Exposure to Agent Orange and Other Unregistered US Military 

Herbicides) 

This list adopts the research published by the U.S. Institute of Medicine 

(“IOM”). (EA-Ex-D4: Excerpt from Veterans and Agent Orange: Update 11 

(2018)).  
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The Board has accepted that in practical terms, this means that 

entitlement is warranted where the “Veteran has a claimed condition which 

is recognized by both the IOM and the Department, and his evidence 

regarding the nature of his duties is supportive of exposure.”  (EA-Attach-D6: 

VRAB Decision 100003602362; EA-Attach-D7: VRAB Decision 

100003683802) 

As explained in recent VRAB jurisprudence: 

The 50(g) presumption explicitly sets out a causal connection 

standard in exposure cases which differs from other cases. The test 

is different from other entitlement cases.  

…  

In the Panel’s view, paragraph 50(g) … instructs decision-makers 

to accept a causal connection standard that will facilitate, rather 

than impede, the awarding of compensation to Veterans who may 

have been disabled or may have died as a result of military service. 

This provision applies to environmental hazard claims where 

a cause and effect relationship is not clearly and readily 

discernible, and permits the presumption of a service relationship 

in those cases where the possibility of such relationship meets the 

test formulated as “might reasonably” …. (EA-Attach-D7: VRAB 

Decision 100003542993; EA-Attach-D8: VRAB Decision 

100004098605) 

 

Because the purpose of the rebuttable presumption is to lessen the 

Veteran’s burden of proof, the Veteran is not required to prove that 
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environmental hazards were a significant cause of his claimed condition. 

With the benefit of the presumption, the Veteran need only establish that the 

hazards were a reasonably possible cause of Diabetes.  

Consistent with the structure of a rebuttable presumption of law, the 

onus is then transferred to Veterans Affairs to provide affirmative evidence 

establishing that the hazards were not a significant cause of the Veteran’s 

disease before entitlement may be denied. (EA-Attach-D3: Léonelli v. 

Canada (A.G.), 2003 FC 1374, para. 52)  

Absence of “evidence to the contrary” 

In the present case, there is no medical opinion or other medical 

evidence in the record capable of establishing that the Applicant’s service-

related exposures to environmental hazards were insignificant in the 

development of his disease.   

Furlong Report: 

The Furlong Report has been discredited and is “no longer used as a 

vehicle to deny entitlement to disability pensions.” (EA-Attach-D8: VRAB 

Decision 100003729377).  

This is because, first, the Human Health Risk Assessment (“HHRA”) 

research study from which the conclusions of the Furlong Report are drawn 

did not include an assessment of “health risks associated with historical 

exposures via the consumption of water or fish”. Thus, an entire exposure 
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pathway to which Veterans, including the Appellant, were subjected was not 

studied and forms no part of the Furlong conclusions. (EA-Ex-D1: Furlong 

Report, p. 60) 

Second, and more generally, the available historical data for the 

exposure pathways that were studied had so many gaps, uncertainties, and 

contradictions within it that the study’s peer reviewers concluded it was 

simply inadequate to allow for “meaningful environmental and human health 

risk assessment.” The Furlong conclusions were found to be so “fraught with 

uncertainty” that they were not considered scientifically credible. The lack of 

reliable data was so significant that the peer reviewers questioned “the 

validity and the ultimate utility of the report for its intended purpose.” (EA-Ex-

D2: Task 2A Report, Appendix F) 

Notably, the limited value of the report to individual claims adjudication 

is openly recognized not only in the response to the peer review but also 

within the report itself. Dr. Furlong and the authors of the research studies 

caution repeatedly throughout the report that the conclusions of the HHRA 

are merely “predictions” subject to “very large” uncertainty. The following 

paragraph appears many times:  

The results of the HHRA must be put into context. The level of 

uncertainty resulting from the recreation of activities, some of which 

occurred more than 50 years ago, coupled with the uncertainties 

inherent in standard forward-looking risk assessment, is very large. 

As a result, the expectations regarding the level of precision that 
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this risk assessment exercise can produce should be limited. (EA-

Ex-D1: Furlong Report, p. 61 and p. 43, among others, emphasis 

added) 

 

Latency 

Although the Appellant was not diagnosed with diabetes until 2010 

(SOC 69), no medical evidence has been presented in support of a temporal 

cut-off point after which environmental exposures to toxic herbicides could 

reasonably be found to be insignificant. On the contrary, the latency period 

between exposure to the chemicals of concern and the onset of several of 

the diseases on the IOM list is unknown. (EA-Ex-D4: Excerpt from Veterans 

and Agent Orange: Update 11 (2018), p. 9)   

Of particular importance in respect of the latency issue is the fact that 

2,4-D; 2-4-5-T; Picloram; HCB, and TCDD “are known to bioaccumulate”, 

meaning that they are stored in the body. This means that a person “may 

continue to experience ‘internal exposure’ for years even if exposure from 

the environment has ceased.”  (EA-Ex-D1: Furlong Report, p. 27; EA-Ex-D4: 

Excerpt from Veterans and Agent Orange: Update 11 (2018))  

Accordingly, the available evidence does not support any negative 

finding regarding causal significance based merely on the passage of time 

between the Veteran’s exposure and ultimate diagnosis. 

Other risk factors 
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We submit that when evidence of other risk factors is being considered, 

the ruling of the Federal Court of Appeal must be applied: entitlement for a 

multifactorial condition is warranted even if personal factors have a larger 

causal connection to the claimed condition than the service-related factors. 

A claim cannot be denied simply because a Veteran has been shown to have 

other significant risk factors for the condition at issue. (EA-Attach-D11: Cole 

v. Canada (A.G.), 2015 FCA 119, paras. 78-80) 

In the context of a rebuttable presumption, this ruling applies with even 

greater force because the existence of one or even several other recognized 

risk factors does nothing to disprove a significant causal contribution from 

service-related exposures. Accordingly, such evidence is insufficient to 

displace the presumption of service relationship in s. 50(g).  

In worker’s compensation cases, the Court has held that a similar 

presumption must hold unless there is evidence of “sufficient weight to show 

the presumption wrong.” This requires “affirmative evidence of an alternative 

cause and evidence that the employment was not contributory” (EA-Attach-

D4: MacLaren, emphasis added; EA-Attach-D5: Alberta WCAC, para. 37) 

Importantly, an absence of medical evidence establishing that the 

exposure was significant cannot reasonably defeat a presumption designed 

to lessen the burden of proof on Veterans. To allow such reasoning would 

mean that to obtain entitlement, the Veteran would have to produce proof of 
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significant cause, which is exactly the same burden of proof he would have 

to meet to gain entitlement without the benefit of the presumption.  

The problem with treating an absence of positive data as “evidence to 

the contrary” is explained as follows: 

In practice, this statutory presumption has commonly been ignored, 

and it has even been replaced by contrary presumptions in the 

process of adjudication. For example, a Board doctor may render 

an opinion that the injury was not caused by the employment. That 

opinion may rest on nothing except the absence of any positive 

data about employment etiology. When that happens, the 

statutory presumption is, in effect, reversed. The opinion 

imports a presumption of the negative while the Act 

prescribes a presumption of the affirmative. Yet the opinion 

may be applied by the adjudicator as evidence rebutting the 

presumption of employment causation. To reach conclusions in 

that way is clearly illegal. (Ison, Worker’s Compensation in 

Canada, 2nd ed. Butterworths, 1989, at p. 208, as cited in EA-

Attach-D5: Alberta WCAC, para. 37) 

 

Professor Ison’s comments were relied on by the Alberta Worker’s 

Compensation Appeals Commission in examining rebuttal medical evidence 

suggesting non-employment causes for a worker’s illness in the context of a 

very similar legal presumption of employment-relatedness. The Appeals 

Commission found as follows:  
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The evidence to rebut is weighed on the balance of probabilities, 

and must do more than just raise a reasonable doubt that the 

accident arose out of the worker’s employment. Medical evidence, 

specifically, must do more than merely offer an opinion that it is not 

likely the injury was related to work.  The medical evidence must 

be based on some positive data about employment etiology, and 

not just an assertion that it is not likely or not probable that the injury 

was the result of a work accident. In effect, once the presumption 

has been triggered, the claim for compensation is acceptable 

unless there is specific evidence of adequate weight to disprove 

that the accident arose out of the worker’s employment. (para. 40, 

emphasis added.)  

… providing evidence that merely suggests that alternate causes 

might exist, or even might be likely, is not adequate to displace the 

presumption. (para. 45, emphasis added) 

 

In the Appellant’s case, given the substantial frailties of the Furlong 

Report’s conclusions, there is no affirmative evidence in the record capable 

of establishing that the Appellant’s service-related exposure to toxic 

chemicals did not significantly contribute to the development of his disease.  

In the result, there is no “evidence to the contrary” that is sufficient to 

displace the legal presumption that the claimed condition is a service-related 

disease, being a disease that “arose out of” the Veteran’s service in 

accordance with the provisions of the Veterans Well-Being Act. 
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CONCLUSION 

The Veteran is entitled to the benefit of the legal presumptions 

Parliament created to assist him in discharging his burden of proof. The 

preponderance of the evidence in the Veteran’s case establishes his 

environmental exposure to toxic chemicals, particularly when “a broad and 

generous interpretation of what constitutes exposure” is applied in keeping 

with the purpose of the presumption. The IOM research discloses a 

reasonably possible causal relationship between those chemicals and 

diabetes that is not only sufficient to meet the lesser standard of causation 

demanded by the presumption but that VAC has long deemed sufficient for 

disability benefits purposes. The Veteran has therefore established 

presumptive entitlement.  

The available evidence to the contrary, including the Furlong Report 

and the Veteran’s personal medical risk factors for the disease, is insufficient 

to establish that the Veteran’s exposures were insignificant and that his 

condition therefore did not arise out of his service. Accordingly, it is 

insufficient to displace presumptive entitlement. 

All of which is respectfully submitted. 
 
Lisa Laird 
Pension Advocate 
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Exhibits frequently filed with the Veterans Review and Appeal Board:  

Ex 1:  CFB Gagetown Herbicide Spray Programs 1952-2004 Fact Finders’ Report, by Dr. Dennis Furlong 

(the “Furlong Report”) including Peer Review at Appendix F finding conclusions to be not 

scientifically credible. 

 

Ex. 2:  Final Report Task 2A: The History and Science of Herbicide Use at CFB Gagetown from 1952 to 

Present (excerpts)  

 

Ex. 3: Task 3A Final Report (excerpts) 

 

Ex. 4: Veterans and Agent Orange: Update 11 (2018), (excerpts) 

 

Ex. 5: Draft Briefing Note dated 7 December 2005 

 

Ex. 6: Email correspondence dated 26 April 2007 

 

Ex. 7: Table of Spray Incidents. 

 

Ex. 8: “Spray drift incidents” 

 

Ex. 9: CEPA definitions of Persistence and Bioaccumulative 

 

Appendix to submission: Limitations of the Furlong Report and Task 3A-Tier 1 Report (written by Lisa 

Laird, LLB, Bureau of Pensions Advocates) 
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Ex-soldier says he watched barrels of Agent

Orange being buried at Gagetown base

Did the Canadian military actually track down all of its stocks of the dangerous

defoliant?
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Former military police officer Al White says he watched barrels of Agent Orange being buried at CFB Gagetown in

1985. (CBC News)

 comments

It is a 33-year-old mystery that has gnawed at retired sergeant Al

White's conscience.

The now-former military police officer told CBC News that, before

sunrise on a clear morning in the late spring of 1985, he was ordered to

escort a Department of National Defence flatbed truck along an empty

road at CFB Gagetown in New Brunswick. The journey took just minutes

and ended in shadows just off the road, where an excavator had dug a

wide, fresh pit in the spongy soil.

On the flatbed were over 40 full or semi-full barrels in various

conditions. Some were solid, others were dented, rusted or in various
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states of decay. Almost all of them were wrapped with an orange stripe.

"At the time, I didn't think much of it," White told CBC News. "I just did

the task and it wasn't until some time later that it really, really hit home

to me."

Very few words were exchanged between White, the truck driver and

the operator of the excavator. The barrels were dumped into the pit and

covered over.

What Al White said he witnessed that morning three decades back was

the burial of leftover Agent Orange, the notorious chemical

defoliant linked to various types of cancer that was used in secret

spraying experiments by the U.S. at the Gagetown military base in New

Brunswick — something which would blow up into a major public policy

issue 20 years later.

An eyewitness account

​White said he was told at the time what the barrels contained. Experts

and activists who have followed the case — and who fought the federal

government for compensation for military personnel and civilians

affected by defoliant spraying at Gagetown — said White's statement is

the first eyewitness account they've heard of the base disposing of

stocks of Agent Orange.

"This is quite an interesting development from my perspective," said

Wayne Dwernychuk, a expert who spent over 15 years studying Agent

Orange contamination and its effects on combatants during the war in

Vietnam.

Much of the public controversy in New Brunswick over a dozen years

ago related to the secret spraying program. Agent Orange was sprayed

at CFB Gagetown in 1966 and 1967 by the U.S. military, with permission

from Canada.

It's now known that exposure can lead to skin disorders, liver problems

and certain types of cancers. The Canadian government set aside

almost $100 million in 2007 for Canadians harmed by defoliants at the

base. In 2011, Ottawa also reversed a decision to reject compensation

for dozens of soldiers and their families exposed to the defoliant who

later became ill.

What makes White's account remarkable, Dwernychuk said, is that it's

the first hint of an answer to a nagging question about the

Gagetown spraying program: do we know what happened to all of the

leftover defoliant?



Al White in uniform in the mid-1980s. "I just felt ... enough about hiding stuff. Bring it out

into the public." (Submitted photo)

There are references to disposal in some of the public reports on the

program — in both an independent engineering report and the public

health study conducted by Dr. Dennis Furlong, which cites one instance

of empty barrels being dug up near what is known as the Shirley Road

dump.

White said that is roughly the area where he witnessed the burial.

There are, however, significant discrepancies between the Department

of National Defence's timeline and White's account of the burial.

At least 10 sites on the base were the subject of study — and the

department said it found barrels at only one.

White said he is willing to show defence officials where he saw the

barrels buried; CBC News asked to accompany him. National Defence

refused to allow access to the base and a spokesman said the issue has

been studied exhaustively.

Veterans say Ottawa's planned PTSD research centre falls short of what was

promised

Plan to give service dogs to PTSD veterans rocked by federal agency's decision

to pull out

AUDIO

Agent Orange compensation: victim claims payout 'not human'

https://www.cbc.ca/news/politics/oregan-veterans-ptsd-research-1.4652527
https://www.cbc.ca/news/politics/service-dogs-ptsd-standards-1.4625484
https://www.cbc.ca/news/canada/sudbury/agent-orange-compensation-victim-claims-payout-not-human-1.3020318


"DND/CAF has done extensive research into the use and testing of

herbicides at CFB Gagetown and has left no stone unturned," said

Daniel LeBouthillier.

LeBouthillier pointed to independent research conducted by Jacques

Whitford Engineering and the community outreach the department

did between 2005 and 2007.

"The Department of National Defence has been open and transparent

about its work regarding this file and the science indicates that the

base is safe today."

LeBouthillier did, however, invite White to contact the department

directly.

Dwernychuk said the federal government needs to investigate further.

"It behooves whoever is in charge of the area, the ministry of defence,

to find out what is actually in that particular region, particularly if there

is a witness to the burying," he said.

The department claims it conducted remediation at the site where it

found barrels. Dwernychuk said it should still look at taking deep core

samples at that site, given that a brook runs through the area.

Rumours of buried toxins

Both he and Carol Brown Parker, of the Agent Orange Association of

Canada — which still lobbies for more disclosure on the Agent Orange

program and its aftermath — said they are amazed that White kept

silent all these years.

The rumour that barrels of the defoliant had been secretly buried on the

base has been rife in nearby communities for decades.

"I absolutely believe Al," said Brown-Parker, who recalled hearing as a

child her teachers talking about the late night transport of barrels

through the area. "It was well known they did that, but everybody kept

quiet."

White said he recently lost three friends — all former soldiers — to

cancer. They all suffered lingering, painful deaths, he said.

"I just felt ... enough about hiding stuff. Bring it out into the public that

this did occur," White said. "Perhaps I should have brought it forth

years ago after I was released from the military and I didn't, and I'm

probably wrong for not doing that."

He said he would like clear, definitive answers from National Defence

about the site "so that people can be at rest."

Dwernychuk said it's a bitter disappointment to hear now about what

White said he saw decades past, given that he didn't come forward

when the battle for recognition and federal compensation for those



exposed to Agent Orange at Gagetown was being fought a dozen years

ago.

"I would speculate that the government would have taken it more

seriously if he had come forward earlier," he said.

"There is always going to be the question of, 'Why did you wait so

long?'"
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OTHER THAN STATUTORY AUTHORITY AUTORITÉ AUTRE QUE STATUTAIRE

Testing of Unregistered US Military Herbicides, 
including Agent Orange, at CFB Gagetown Ex 
Gratia Payments Order

Décret concernant le versement de paiements à 
titre gracieux à l’égard des essais d’herbicides non 
homologués utilisés par l’armée américaine, 
notamment l’agent orange, à la base des Forces 
canadiennes Gagetown

P.C. 2007-1326 September 10, 2007 C.P. 2007-1326 Le 10 septembre 2007

Her Excellency the Governor General in Council, on 
the recommendation of the Minister of Veterans Af­
fairs, hereby makes the annexed Testing of Unregis­
tered US Military Herbicides, including Agent Orange, at 
CFB Gagetown Ex Gratia Payments Order.

Sur recommandation du ministre des Anciens Com­
battants, Son Excellence la Gouverneure générale en 
conseil prend le Décret concernant le versement de 
paiements à titre gracieux à l’égard des essais d’herbi­
cides non homologués utilisés par l’armée américaine, 
notamment l’agent orange, à la base des Forces cana­
diennes Gagetown, ci-après.
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Testing of Unregistered US Military Herbi­
cides, including Agent Orange, at CFB 
Gagetown Ex Gratia Payments Order

Décret concernant le versement de paie­
ments à titre gracieux à l’égard des essais 
d’herbicides non homologués utilisés par 
l’armée américaine, notamment l’agent 
orange, à la base des Forces canadiennes 
Gagetown

Interpretation Définitions
1  The following definitions apply in this Order.

Minister means the Minister of Veterans Affairs. (mi­
nistre)

primary caregiver in relation to an individual, means 
the adult person who, immediately before the individual 
died,

(a)  was primarily responsible, without remuneration, 
for ensuring that care was provided to the individual; 
and

(b)  for a continuous period of at least one year, resid­
ed in the principal residence of the individual and 
maintained the individual or was maintained by the 
individual. (principal donneur de soins)

1  Les définitions qui suivent s’appliquent au présent dé­
cret.

ministre Le ministre des Anciens Combattants. (Minis­
ter)

principal donneur de soins Adulte qui, au moment du 
décès de la personne :

a)  d’une part, était la principale personne à veiller, 
sans rémunération, à ce qu’elle reçoive les soins vou­
lus;

b)  d’autre part, pendant au moins un an, avait résidé 
de façon continue dans sa résidence principale et avait 
subvenu à ses besoins ou était à sa charge. (primary 
caregiver)

Authorization Autorisation
2  The Minister is authorized, on application, to make an 
ex gratia lump sum payment of $20,000 to any individu­
al who meets the following conditions:

(a)  between June 1, 1966 and June 30, 2011, the in­
dividual is diagnosed with any one or more of the fol­
lowing medical conditions:

(i)  chronic lymphocytic leukemia (CLL),

(ii)  soft tissue sarcoma,

(iii)  non-Hodgkin’s lymphoma,

(iv)  Hodgkin’s disease,

(v)  chloracne,

(vi)  respiratory cancers (of the lung/bronchus, lar­
ynx or trachea)

(vii)  prostate cancer,

2  Le ministre est autorisé, sur présentation d’une de­
mande, à verser un paiement de 20 000 $ à titre gracieux 
à toute personne qui satisfait aux exigences suivantes :

a)  entre le 1er juin 1966 et le 30 juin 2011, un diag­
nostic selon lequel la personne est atteinte de l’une ou 
plusieurs des affections médicales ci-après est confir­
mé :

(i)  leucémie lymphoïde chronique (LLC),

(ii)  sarcome des tissus mous,

(iii)  lymphome non hodgkinien,

(iv)  maladie de Hodgkin,

(v)  chloracné,

(vi)  cancer des voies respiratoires (du poumon et 
des bronches, du larynx ou de la trachée),
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(viii)  multiple myeloma,

(ix)  acute and subacute (or early onset) transient 
peripheral neuropathy,

(x)  porphyria cutanea tarda,

(xi)  type 2 diabetes (mellitus), and

(xii)  spina bifida; and

(b)  at any time from June to September of either 
1966 or 1967 the individual or, in the case of an indi­
vidual diagnosed with spina bifida, a biological parent 
of the individual

(i)  worked or lived at CFB Gagetown,

(ii)  was posted to or trained at CFB Gagetown, or

(iii)  resided in a community, as determined by the 
Minister, any portion of which lay within 5 km of 
the perimeter of CFB Gagetown.

SI/2010-96, s. 1.

(vii)  cancer de la prostate,

(viii)  myélomes multiples,

(ix)  neuropathie périphérique transitoire aiguë et 
subaiguë (ou d’apparition précoce),

(x)  porphyrie cutanée tardive,

(xi)  diabète de type 2 (diabète sucré),

(xii)  spina-bifida;

b)  pendant la période de juin à septembre 1966 ou de 
juin à septembre 1967, la personne, ou dans le cas où 
elle est atteinte de spina-bifida, son parent biologique :

(i)  soit travaillait ou vivait à la base des Forces ca­
nadiennes Gagetown,

(ii)  soit était en poste ou a reçu de la formation à la 
base des Forces canadiennes Gagetown,

(iii)  soit résidait dans une collectivité, déterminée 
par le ministre, dont une partie se trouvait à au plus 
cinq kilomètres du périmètre de la base des Forces 
canadiennes Gagetown.

TR/2010-96, art. 1.

3  (1)  If an individual dies before receiving payment, the 
payment shall be made to the primary caregiver of the in­
dividual, if any.

3  (1)  Si la personne décède avant de recevoir le paie­
ment, celui-ci est versé au principal donneur de soins, le 
cas échéant.

(2)  If an individual dies before making an application, 
the primary caregiver may apply for the payment on be­
half of the individual.

(2)  Si la personne décède avant de présenter la de­
mande, le principal donneur de soins peut la présenter 
en son nom.

(3)  If the primary caregiver dies before receiving pay­
ment, no payment shall be made.

(3)  Si le principal donneur de soins décède avant de re­
cevoir le paiement, aucun paiement ne sera versé.

Application Demande
4  An application for an ex gratia payment must be 
made in the manner approved by the Minister no later 
than June 30, 2011, unless circumstances beyond the 
control of the applicant necessitate a longer period. The 
application must be supported by any evidence that the 
Minister considers necessary.
SI/2010-96, s. 2.

4  La demande de paiement à titre gracieux doit être pré­
sentée au ministre, de la manière approuvée par celui-ci 
au plus tard le 30 juin 2011, à moins que des circons­
tances indépendantes de la volonté du demandeur ne 
l’empêchent de respecter ce délai. La demande doit être 
accompagnée de toute preuve que le ministre juge perti­
nente.
TR/2010-96, art. 2.

Cessation of Payments Cessation de paiement
5  The Minister shall cease to make payments under this 
Order on December 30, 2011.
SI/2010-96, s. 3.

5  Le ministre n’effectue aucun paiement sur le fonde­
ment du présent décret après le 30 décembre 2011.
TR/2010-96, art. 3.
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Review Révision
6  (1)  An applicant who is dissatisfied with a decision 
may request, in writing, a review by the Minister within 
60 days after receipt of the decision, unless circum­
stances beyond the control of the applicant necessitate a 
longer period.

6  (1)  Si le demandeur n’est pas satisfait de la décision 
rendue à son égard, il peut en demander par écrit la révi­
sion au ministre dans les soixante jours suivant la date à 
laquelle il en a été, à moins que des circonstances indé­
pendantes de sa volonté ne l’empêchent de respecter ce 
délai.

(2)  An applicant who is dissatisfied with a decision made 
on review may request, in writing, a further review of the 
decision within 60 days after receipt of the first level re­
view decision, unless circumstances beyond the control 
of the applicant necessitate a longer period.

(2)  Si le demandeur n’est pas satisfait de la décision ren­
due par suite de la révision, il peut en demander par écrit 
la révision dans les soixante jours suivant la date à la­
quelle il en a été avisé, à moins que des circonstances in­
dépendantes de sa volonté ne l’empêchent de respecter ce 
délai.

No Crown Liability Immunité de l’état
7  A payment made under this Order does not constitute 
an admission of liability on the part of the Crown.

7  Les paiements versés au titre du présent décret ne 
constituent en aucune façon une reconnaissance de res­
ponsabilité de la part de l’État.

Exclusion Exclusion
8  This Order does not apply to members of foreign mili­
tary units.

8  Le présent décret ne s’applique pas aux membres des 
unités militaires étrangères.
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