
Daniel Martineau

Faculté de Médecine Vétérinaire

Université de Montréal

Saint-Hyacinthe, Québec, Canada

LIFE AND DEATH 

OF BELUGA WHALES, 

St Lawrence River, Canada 



USA

Canada
St Lawrence River and Estuary



July
1978

DM



WHY STUDYING DISEASES OF BELUGA WHALES ?



Who takes care of wildlife ?
…a veterinarian’s point of view…

Who pays for it?

Why conserve it ?

- 5448 species of mammals

- 37 species of felids

- all are threatened

except….

Who treats it?

Who studies it ?

Who would study it ? Why ?



One Medicine, 
One Health, 

One Planet
… before its time

« We share the same biology

regardless of ideology»

- «Russians »  Sting 

The beluga whale population living in the 
Saint Lawrence Estuary: 
An autopsy program, from 1982 to now

Conclusion: contaminants equally affect 
beluga and people living nearby



Beluga from the St Lawrence River, Canada

• Southernmost population of the species

• Permanent 

• SLE: effluent of most industrialized ¼  of North America

• Geographically isolated from Arctic populations (for the last 10,000 y)

• Accessible to research (relatively)

• Size:  
– 527 beluga, using a x 1.15 correction factor    (2000)
– 952 beluga, using a x 2.09  correction factor (2001)
– (851: maximum number ever counted directly (2007))

- 889: mathematical model (2012)



- Long lifespan: 75-80 y

- Lipids: 40-50 % of body weight

- Top predators: feed on fish

- Mammal: milk (40 % lipid)

Deep diver (> 1 km)

«mud grazer »:  feed on worms

- Martineau et al 1987, Arch Environ Contam
Toxicol
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WHY ARE THERE BELUGA 
IN THE ST LAWRENCE ESTUARY ?

Part 1



http://www.qc.ec.gc.ca/csl/inf/inf069_e.html



Photo NASA

Tadoussac

* Fresh water
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Surface water: colder

than upstream or downstream water



ST LAWRENCE ESTUARY AND BALTIC SEA. 

A COMPARISON. 

St Lawrence 
Estuary

Baltic Sea

Biological diversity Low (100 fish species)

Cod Endangered

Marine mammal 
populations. 

Contamination, 
lesions

Severe

Invasions by foreign 
animal species 

(mostly ponto-
caspian)

+

Red tides +

Eutrophication +

Hypoxia +





Dinoflagellate: 
Alexandrium tamarense: saxitoxin

RED TIDES



HYPOXIA 2003: 1300 km2

of deep waters found hypoxic

50% of cod die in 4 days

lethal for cod



WHY ARE THERE BELUGA 
IN THE ST LAWRENCE ESTUARY ?

Part 2



North America
Last glaciation (8,000 to 12,000 years)

http://eas.unl.edu/~tfrank/History%20on%20the%20Rocks/Nebraska%20Geology/Cenozoic/cenozoic%20web/2/Timescale.html



Last ice age: 18,000 ans ago



- Ice melts -˃ oceans fill up

- Sea of Champlain empties

All « déjà vu » again: 



SEA OF CHAMPLAIN: 13,000 to about 10,000 years ago

//upload.wikimedia.org/wikipedia/commons/8/86/Champlain_Sea.png


//upload.wikimedia.org/wikipedia/commons/d/da/Receding_glacier-en.svg


NOWADAYS, LOTS OF LAKES AND RIVERS 
ABOVE SEA LEVEL

//upload.wikimedia.org/wikipedia/commons/d/da/Receding_glacier-en.svg


- Glaciers formation -˃  earth crust caves in

- Glaciers melt -> earth crust rebounces

Water higher than sea level

(cheap) HYDROELECTRICITY !!!

METALLURGY , SMELTERS

Release of PAHs into environment

Aluminum = « frozen electricity »



Alma

Arvida
Laterrière Grande Baie

CHEAP HYDROELECT

CHEAP HYDROLELECTRICITY  -˃   METALLURGY

(recently read in the financial news: « aluminum is frozen electricity »)    (March 5th, 2018)



POST MORTEM EXAMINATIONS OF 

BELUGA WHALES STRANDED (DEAD) 

ALONG THE SAINT LAWRENCE 

ESTUARY SHORELINE

1983- 2012



CODE 1: 
Stranded alive!

CODE 2: 
Good Condition

CODE 3: Fair 
(Decomposed, but organs intact)

CODE 4: Poor 
(Advanced decomposition)



Stranded carcasses transported to necropsy room 
(CVM, U of Montreal, 300 miles)

Saint Lawrence beluga whales: post mortem examination program: 1982-now







Mammary glands



- 472 reported carcasses (median: 15/year):

-222 (or 47 %) examined

- 2 intersexes

- 178 adults ( ˃ 8 GLGs)

- 25 juveniles (˂8 GLGs)

- 19 newborns

Post mortem exams 

SLE belugas, 

1983-2012

15 reported/year



Total number of dead SLE beluga reported (with and without 

post mortem) in the SL Estuary over 30 years 

(1983-2012; n= 472)



Post mortem – «success» rate

Likely cause of death

Determined 75% (166)

Not determined 25% (56)

Total number of mortalities

investigated 222



SLE beluga. Causes of death and age classes. 

n =222  (1983-2012)



• CANCER



CANCERS.        1983 – 2012

• 31 of 141 adult beluga died of cancers

1 adult out of 5

- Martineau et al 2002, Environ Health Perspect
- Mikaelian et al 2000, J Vet Diagnos Invest
- Mikaelian et al 1999, Vet Rec



Digestive system (13)

Intestinal adenocarcinoma (8)

Gastric adenocarcinoma (3)

Hepatocellular carcinoma (1)

Salivary gland adenocarcinoma (1)

Female reproductive (8)

Mammary adenocarcinoma (8)

(also: 
Granulosa cell tumor (1)
Dysgerminoma (1))

31 Cancers (1983 – 2012)

Others (10)

Respiratory (1)
Urinary (2)
Lymphoma (1)

Neuroendocrine carcinoma (1)

Thyroid carcinoma (2)

Poorly differentiated disseminated neoplasms (3)



Beluga. Cancer, proximal intestine. 
Adenocarcinoma.











Number of SLE beluga with at least one cancer (all types) 

(n=35) vs age distribution. N = 219 (3 not aged)



Gastrointestinal tract cancers (n= 11) + salivary gland 

adenocarcinoma (n=1) VS age distribution. 

n= 219 (3 not aged)



Mammary gland cancer (n=8) VS age distribution. 

n= 219 (3 not aged)
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Adult SLE beluga with cancer VS estimated decade of birth

(n=175)



SLE beluga with GI tract cancer VS estimated decade of birth

(12 / 175)



Adult SLE female beluga with mammary gland cancer VS 

estimated decade of birth (8 / 95)



PAHs in the Saguenay river sediments

Martel et al. 1986

1926: inauguration of  
first aluminum smelter

1943: inauguration of a 
2nd smelter in Alma

1938-1945: beginning
of Söderberg process 
+ smelter expansion

1956-1976: release of liquid effluent 
(PAHs) from scrubbers
directly into Saguenay River 

1976: 
ending the 
release of  
liquid
sewages
into the 
River
from
scrubbers

1990: Söderberg process 
Partially phased out



ALUMINUM PRODUCTION, PAHs AND 

THE SAGUENAY-LAC SAINT-JEAN AREA 



Aluminum in Canada

Rio Tinto  (formerly « Alcan »)

- 2004
- $ 13 billion /y, 88,000 people, 60 countries

– 2nd aluminum producer worldwide

– Saguenay: 

▪ 63 % of the Canadian aluminum production 

(in 2018: 60 %)

▪ 862,000 tons aluminum / y 



Baie 

Sainte-

Marguerite

La Baie

Saguenay Fjord

Martel et al., 1986, in: Martineau et al, 2002, Env Health Perspect

PAHs in sediments of the Saguenay River. 

A spatio-temporal gradient



Saguenay River,

Baie Éternité



PAHs in the Saguenay River

- Aluminium industry present

in the Saguenay region since 1926

- 40,000 tons of PAHs released

in the Saguenay watershed

PAHs in beluga

- BaP adducts detected in St Lawrence beluga 

- none detectable in Arctic beluga -

« …serious chronic hazard to this

environment and its inhabitants »
- Smith and Levy 1990 (from Fisheries and Oceans Canada)

Martineau et al 1988, J Comp Pathol
Martineau et al 2002, Env Health Perspect



Cancer in people, 
Saguenay River region

• Aluminum workers
– Urinary bladder and lung cancers: 

• high incidence 

• compensated by Quebec Health and Workers Compensation 

Board because strongly associated with PAH exposure

- Armstrong and Theriault 1996

• Other inhabitants of that region



Martineau et al. 2002. Env Health Perspect

Alma

Arvida
Laterrière Grande Baie

GI tract Cancer. Women. Standardized rate ratio
Wind directions. Frequency. 1993-1999



GI tract Cancer. Men. Standardized rate ratio

Martineau et al. Env Health Perspect.: 110:285-292 (2002)



If PAHs cause digestive cancers in the Saguenay Lac Saint-Jean 
population:

• 1) why are aluminum workers not also affected by digestive 
cancers, like the rest of the local population?

• 2) why are digestive cancers more frequent in woman than in man ?



Drinking water in the Saguenay region

• 79 % surface water (rivers, lakes)
– Saint-Laurent Vision 2000. Rapport En40-216/17F, 1995

• Contamination of surface water by PAHs
– higher than EPA standards:  (analyses 1997-1999)

EPA: 4.4 ng/L. 

Rivière à Mars: 19.7 ng/L

Rivière Chicoutimi: 83    ng/L

- MEQ 2002

The industry claims that in 2002, 
PAH emissions had decreased 8 times compared to 1983. Thus, in 1983…. 



- Director, environmental affairs, Alcan

September 9, 2003 

– « Workers in the plants have drunk bottled water 

for as long as I can remember »



• Are beluga with GI tract cancer exposed to PAHs ?

• Do beluga whales with GI tract cancer feed on                
the Saguenay River sediments ?

• Saguenay River sediments are contaminated with PAHs

• PAH adducts have been detected in SLE beluga tissues
- Martineau et al 1988, JCP
- Shugart and Theodorakis, 1994, EHP 



Absorbed Absorbed + Hematoxylin                    Specific

CANADIAN ARCTIC. 
Adult beluga, Age: 42 y. Intestine. 



COOK INLET, ALASKA

Newborn beluga. Intestine

Specific antiserum Absorbed antiserum Absorbed + Hematoxylin 



SP,1:20K AB,1:20K AB + HEMA ,1:20K

St LAWRENCE ESTUARY. 
Adult beluga, Age: 55 y. Intestine. 

Absorbed antiserum
Absorbed + 

Hematoxylin 
Specific antiserum 



IMMUNOHISTOCHEMISTRY
(anti PAH-DNA adducts)

PRELIMINARY RESULTS - SUMMARY

SLE > Cook Inlet> > Canadian Arctic > aquarium



IMMUNOHISTOCHEMISTRY
(anti PAH-DNA adducts)

RESULTS - SUMMARY

SLE > Cook Inlet ??!! ALASKA ?!> Canadian Arctic



- Env Health Perspect 2002 110: 285



The atmospheric release of PAHs
is only a fraction (20%) of what it was
before 1970…

… and in 2000, it was about 235 tons per year

Since 2001, a new (electrolytic) process releasing 
less PAHs has been used in all smelters…

(well… Wrong!)



Copy to:
- President (U de M)
- Vice President (U de M Research)
- Dean (College of Veterinary

Medicine. U de M)
- Vice Dean (Vet Med, Research, 

U de M)
- Director, Pathology Department, 

Veterinary Medicine, U de M



Printable Version

Alcan to shut Arvida smelter; 550 
jobs cut 
Last Updated Thu, 22 Jan 2004 16:19:56 
MONTREAL - Alcan Inc. will close its Jonquiere 
Soderberg smelter in Arvida, Quebec in the next 
three months, eliminating 550 jobs. 
"Closing a plant is never an easy decision, but as 
a corporation dedicated to economic and 
environmental sustainability, we must make the 
decisions that are required to be both 
environmentally responsible and protect Alcan's 
competitive position globally," Alcan CEO Travis 
Engen said. 
The Jonquiere Soderberg facility in Arvida is 60 
years old. Alcan said it has the highest 
production costs of any of its Quebec smelters, is 
the least energy efficient, and faces the "greatest 
environment challenges." 
The final blow to the facility was the rapid rise of 
the Canadian dollar. Alcan said the increase in 
the value of the loonie has been greater than the 
recent rise in the market price of aluminum. 
Alcan said "normal employee turnover" in the 
next two years will provide it with "a window of 
opportunity" to reduce the impact of the closure. 
Alcan vice president Jean Simon said the 
company will do everything it can to prevent 
layoffs and said a number of jobs will be cut 
through attrition. 
But the announcement is still a major blow to the 
town of Arvida, which was founded back in 1925 
for the sole purpose of giving Alcan workers a 
home in the Saguenay. 
Alcan plans to begin closing the facility next 
month, with the final shutdown slated for April. 
Alcan said the smelter accounts for 3 per cent of 
Alcan's global production capacity. 
Alcan is the world's biggest aluminum producer in 
the world. It has 88,000 employees in 60 
countries. 

“Closing a plant is never an easy decision, but 

as a corporation dedicated to economic and 

environmental sustainability, we must make 

the decisions that are required to be both 

environmentally responsible and protect 

Alcan's competitive position globally," 

– Alcan CEO Travis Engen.  (January 2004)



« The head of the company 

..said the 60-year-old smelter 

uses outdated technology and 

produces too much pollution »

- January 22, 2004



Conclusions

 Diseases contributing to the lack of recovery

of that population:

Cancers

Parasites
Dystocie / mother-calf separation

- PAHs: environmental carcinogens
- Aluminum workers: urinary bladder, lung, gastric cancers

- People living in the Saguenay area: digestive cancer
- Smelter closed in 2004 instead of 2016
- NO MORE CANCERS IN BELUGA WHALES
- Decrease of CANCER IN PEOPLE

PCB-induced immunosuppression



Future research

?

1) Biomarkers: 

PAH adducts in fish

PAH adducts in wild animals (woodchucks)

PAH metabolites in urine, of animals, of people, 

of aluminum workers (??!!)

2) Molecular epidemiology of cancer

Nucleotide sequence of the p53 cDNA of beluga whale

3) Transgenic mice
cDNA Cloning and Characterization of a High Affinity Aryl Hydrocarbon Receptor

in a Cetacean, the Beluga, Delphinapterus leucas

- BA Jensen and ME Hahn.  Toxicol Sci. 2001 64(1):41-56

- Xu N, Shiraki et al. Gene 2002 288(1-2):159-166



Future research

4) Microarrays to measure gene expression: 

- Toxicogenomics

- Stress genes



Future research

?

OTHER ASPECTS of ENVIRONMENTAL DEGRADATION

POLLUTION

NOISE: marine traffic, wind farms, military sonars

STRESS: Ex.: 
EASTERN PACIFIC DOLPHINS CHASED IN TUNA FISHERIES

COMMERCIAL WHALE OBSERVATION



THE END


