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BAS ELINE CONDITION OF JACK PINE BIOMONITORING 

PLOTS IN THE ATHABAS CA OIL S ANDS AREA 

1 976-1 977 

DES CRIPTIVE S UMMARY 

Biomonitori ng is a technique whereby bi ological speci es 

are used both as indicators of air pollution impi ngem ent and as a 

measure of air-polluti on impact. The ex pense of establi shment and 

maintenance of high technology monitoring i nstrumentation can be 

eliminated by use of vegetation. 

The aim of this report i s  to define the current conditi on 

of a set of j ack pi ne (Pinus banksiana Lamb) stands established 

duri ng 1 976 and 1 977 on 13 different sites in the vici nity of 

exi sting and proposed oil extraction plants. Jack pine stands 

were selected as they predominate i n  exposed upland sites i n  the 

Athabasca Oil S ands Area and hence, have a high li keli hood of impinge­

ment by air-borne pollutants. In addition, jack pine has been shown 

to be very sensitive to ai r pollution both under field and laboratory 

conditions. 

The baseli ne study revealed there was no effect of pollu­

tants at present leve� on jack pine or lichens associ ated with them. 

Featherrnoss was the only lower plant showi ng taking up and retai ni ng 

aer ial emission s. 

The tree species Picea gZauca (white spruce) also appeared 

to give a good i ndication of pollutant im pi ngement. Monitori ng of 

pollutant impact on plant communities can be accompli shed only by 

successive sampling, analysis, and interpretation. 

The report has been reviewed and accepted by the Alberta 

Oil S ands Environmental Research Program. 

\_4 ) . �� , (Vi �J) � r ,,'J A 
W. R. MacDonald 
Di rector (1 98 0-8 1 )  
Alberta Oil S ands Environmental 
Research Program 
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AB STRACT 

In 1976-77, a set of 13 j ack pine b iomonitoring s ites 

was estab lished i n  the Athab as ca Oil Sands area i n  order to b i o­

monitor both i mp i ngement and :i,mpact of emissions characteristi c  of 

oil sands extraction op erations . No meas ureab1e ai r pollutant 

effect was obs erved on either vascular or li chen communities at 

any site even though s ignificantly high tissue p ollutant concen­

trations were documented from sites within 10 km of GCOS. The 

importance of future time-cours e s amp li ng of p ermanent s ites is  

emp hasiz ed b ecaus e our i nab ility to meas ure a b i ologi cal effect at 

these si tes may have b een p urely b ecause of the great natural vari ­

ab ili ty i n  the regi on. 

$ 4$ i ii · • •  i mp. 
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1 .  INTROD UCTION 

Biomonitori ng is a tec�n�q�� whereby b iological speci es are 

used b oth as indicators of air polluti on impi ngement and as a measure 

of air pollut�on impac.t . Obviously, the state of health of any organi sm 

is the b est measure of ai r pollution i mpact on that organism .  In 

addition, several QlsIlt. groups, particularly mosses and li chens, have 

b een shown to b e  very efficient i n  taki ng up and storing airb orne 

pollutants. If the vegetation of an area can provide a reli able and 

consistent measure of b oth impi ngement and impact of a pollutant source, 

the ex pense of establi shment and mai ntenance of high-technology moni­

tori ng i nstrumentation can b e  eliminated in many cases. 

In the past, many studi es have ex amined the impact of ai r 

pollution on vegetation or vegetati onal components. Altho ugh there have 

been hundreds of such studies, almost all have dealt with severely 

degraded areas. In the Athab asca Oil Sands area. there appears to b e  

very little obvious damage to the forest ecosystem i n  the vi ci nity of 

the Great Canadi an Oil Sands (GCOS)
l 

operations that can b e  attrib uted 

to air pollution. GCOS has b een operati ng at their present locati on 

(ca.  3 0  km north of Fort McHurray) si nce 1 967 and for most of that time 

has emitted about 3 00 t of S02 per day . In addition, 4 0  t'day-l of 

particulates contai ni ng mainly Si , Al. Fe and V have b een emitted to 

the atmosphere. Since there is  considerab le potential for air pollu­

tants (especi ally S02) to inj ure forest ecosystems (Pyatt 1 973 ;  

Habj org 1 975), i t  is  important that a record of current forest conditi on 

b e  estab lished in order to assess pollutant impact on vegetati on and 

soils in the future . The potential for forest inj ury is  particularly 

great in this area i n  view of current and proposed ex pansi on of oi l 

sands extracti on and processi ng b y  Syncrude Canada Ltd • •  Shell Canada Ltd. 

and several other oil companies and consortia [Chaapel 1974 ; Alb erta Oi l 

S ands Environmental Research Program (AOSERP) 1 975 ) . 

1 
GCOS amalgamated with Su n Oil Company in Au gu st 1 979. after the 
wri ting of this report was completed, to b ecome Suncor.- Inc. 
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The aim of this report is to define the cu rrent condition of 

a set of pack pine (Pinus banksiana Lamb.) s tands es tablis hed du ring 

1 976 and 1 977 in the v icinity of ex isting and proposed oil ex traction 

plants. This set of s ites will permit delineation of pollu tant 

impingement and long-term biomonitoring for the detection of air pollu­

tion injury to  the forest. Jack pine s tands were s elected as they 

predominate in ex posed u pland sites in the Athabasca Oil Sands area and, 

hence, have a high likelihood of impingement by airborne pollu tants . 

In addition, jack pine has been s hown to be v ery sensitiv e  to air 

pollution both u nder field and laboratory conditions (B erry 1971; 

Blauel and Hocking 1 974 ; Legge et al. 1977). 
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2. STUDY ARE A 

J ack pine stands at 13 locati ons were chosen for permanent 

plots (Fi gu re 1). These locations (Table 1) were selected based on 

winter_ pollu tant deposition (B arrie and Whelpdale 1978), topography, 

and di�tance from both the GCOS processi ng plant and the Syncrude 

project recently gone i nto produ cti on. In Alberta, there i s  a general 

west to east airflow (Boughner and Thomas 1962) but this general flow 

is modifi ed by local topographic featu res such as the Athabasca River 

valley (Mickle et ale 1978). A s ubstantially modified airflow pattern 

results (Figu re 2 ;  Walmsley and B agg 1977) and the deployment of sites 

followed this pattern. 
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Figure 1. Location of perman en t biomon itorin g plots in the Athabas ca Oil Sands area. For s ite names , s ee Table 1 .  
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Table 1. Legal des cripti on of jack pine biomoni toring s i tes i n  
the Athabas ca Oil Sands area. 

Site Si te N ame LD S. Sec Twp Range 
Number 

1 Fi rebag River 14 02 100 8 

2 Bitumount Tower 15 27 96 1 0  

3 Hartley Creek 13 09 95 9 
4 Fort MacKay 12 3 6  94 11  

5 Mi ldred L ake Camp 1 19 93 1 0  

6 Fina Ai rs trip 15 20 92 9 

7 Muskeg Mountain 4 15 94 6 

8 North Steepbank River 8 32  90 7 
9 Gordon L ake 10 11 88 4 

10 B i rch Mou ntai n  10-11 24 100 12 

11  Thickwood Hi lls 4 3 4  89 11 

12 Gradient Site A 7 14 92 1 0  

13 Gradient Site D 11 2 92 10 
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3 .  METHODS AND MATERIALS 

Description of the biomonitoring sites is critical to long­

term monitoring of the Athabasca Oil Sands area for the detection of 

air pollution impact on vegetation and soils. Description of each 

site consisted mainly of q uantification of the vascular plant community 

with respect to both vegetational and soil components. Lichens, 

because of their high sensitivity to air pollutants, also were described 

in detail. Low-level aerial photography provided a baseline overview 

for tree crown impact by air pollutants in the vicinity of GCOS. 

3 . 1  VEGETATION DESCRIPTION 

3 . 1. 1  Vascular Plant Community 

At all sites, a 20 x 20 m plot was established and a vascular 

plant species list, stand density and age,' and cover and frequency of 

lower stratum species were determined. Stand age was obtained by 

boring 10 trees of av erage siz e at stump height (3 0 cm) and adding 

three years to the number of annual rings. All cores were taken on the 

sou th side of the tree. 

Cov er and frequency of lower stratum plant species were 

quantified u sing 2 0  1 x 1 m quadrats that were randomly selected from 

a 2'0 x 2 0  m matrix of the plot. The sample area represented 5% of the 

total and q uadrat siz e  was greater than the m inimum sampling area 

requ ired as defined by Cain and Castro (1959). All q uadrats were 

marked permanently so that future measurements of the site wo uld be 

identical. 

3.1.2 Cryptogamic Plant Community 

In the v icinity of each permanent plot, 10 spruce branches 

with a lichen stand of mainly fruiticose and foliose types were selected. 

S pecies were combined to form four groups based on morphology and ease 

of recognition (Table 2) . Qu antification of the cover and freq uency of 

the species groups was accom plished using a 15 x 20 cm grey-card qu adrat 

�--..=========-...... ----------------�------
-

-"-----
---- --- -- - - --
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Table 2 .  Corticolous branch lichens on jack pine and black and 
white spruce in the Athabasca Oil Sands area. 

Species 

Usnea spp. 
EVepnia mesomoppha 
RamaUna spp. 

CetpaPia halei 
C. pinastPi 

Papmelia sulcata 
Hypogymnia physodes 

Alectopia spp. 

Species 
Group Name 

Evernia 

Cetraria 

Hypogymnia 

Alectoria 

Group 
Characteristics 

Y ellow fruticose 
(branched) 

B rown and yellow 
foliose (leaf-like) 

Gray foliose 

B lack fruticose 
(hair-like) 
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a nd photogra phs. Each branch to be sampled was marked a nd labelled a nd 

the lichens moistened slightly so that they were pliable. Spruce bra nches 

a re oriented ma inly on a pla ne and, hence, there was no difficulty in 

placing the grey-card q ua drat below the branch. Lichens normally grow 

on the top and sides of bra nches so the entire stand was included in a 

pho tograph ta ken from directly above the bra nch. In a ll cases, the 

most luxurient lichen community present at ea ch site was sa mpled. The 

use of a grey-card (1 9% reflecta nce, Koda k Inc.) permitted a q ua lita tive 

estima te of lichen condition to be ma de ba sed on colour since a 

sta ndard colour was present in each pho tograph. 

Analysis of the photographs wa s a ccomplished by projecting 

the tra nsparency onto a 4 5  x 60 cm rear projection screen. The screen 

was divided into 1 00 units and the presence of each lichen species or 

species group was recorded for eac h unit. Since none of lichens covered 

the entire unit, it was necessary to ca lcula te the a vera ge cover each 

species ha d when it did occur in a unit. This was a ccomplished by 

estimating the cover of ea ch species in each unit of 1 2  q ua drats that 

encompassed the range of lichen densities found in the field a nd multi­

plying the frequency of occurrence in the 1 00 units by the a vera ge cover 

per unit. 

3 . 2  SOIL DESCRIPTION 

A soil pit (1 x 0. 5 m) wa s dug to a depth of 1 m at each site, 

photographed, and described a ccording to the ca tegories outlined in the 

System of Soil Classifica tion for Ca na da (Canadia n Soil Survey Committee 

1974 ). Ca rbon content was determined by combustion, tex ture by the 

hygrometer technique for sa nd, silt, a nd clay fractions (B ouyoucos 1 951 ), 

and colour followed the Munsell Colour Cha rts. Dra inage a nd slope a lso 

were recorded for ea ch site. 

3 . 3 CHEMICAL CONTENT 

3 . 3 . 1 S oils 

Du plicate soil sa mples were collected from each horiz on of the 

profile at ea ch site. The soils were oven dried (lOSoC for 24  h) and 
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digested using an aluminum block digester (Technicon Inc. ) and teflon 

beakers. Samples (0. 5 g) were predigested in 10 mL of l6N HN03 and 

2 mL of I ON HCl04 for 1 . 5  h at 7 0°C. Silica was then driv en off with 
° 

20 mL of 29N HF at 1 5 0  C .  The sample was taken to near dryness, 

dissolv ed into 1 mL of l2N HCl and brought to 5 0  mL with glass distilled 

water. D igests were analyz ed for Al and Fe with an atomic absorption 

spectrophotometer (Instrumentation Laboratories #251 ) and for S using 

a modified J ohnson-N ishita method (Carson et al. 1 97 2). 

3 . 3 . 2  Selected Plant Species 

Six species or species groups were sampled at all sites and 

analyzed for S, Al, and Fe. The species included jack pine (Pinus ' 

banksiana Lamb. ), white spruce [Picea gZauca (Moench) Voss], common 

Labrador tea (Ledum groenZandicum Oeder), common bearberry [Arctostaphyios 

uva-ursi (L. ) Spreng. ], ground lichens [mainly CZadina mitis (Sandst. )  

Hale and W. Club. ) and feathermoss [mainly PZeurozium schreberi (B rid. ) 

Mitt. ] .  These six species were selected because they demonstrated the 

greatest uptake of S close to the pollution source of the 15 species 

analyz ed in 1 97 6  (Addison unpublished). These species also represented 

both dry and moist microenv ironments. Fiv e  replicates were collected 

for each species. Pine and spruce samples consisted of 1 year old 

material collected 7 to 10 m abov e ground, whereas other samples were of 

indeterminant age. D uplicate plant samples were passed through a 20 

mesh screen and mineraliz ed using an oxygen flask combustion technique 

(Chan 1 97 5 ). Elemental analysis was carried out as described abov e. 

3 . 4  AERIAL SURVEY 

Approximately 1 00 km of low level colour photography (1 :2000) 

were flown (July 1 97 6) in the v icinity of GCOS in order to assess forest 

crown condition close to the pollution point source (Figure 3) . At the 

same time as the 1 00 x 1 km transect was flown (Figure 3) , stereo pairs 

at 1 :5 00 were taken every 2000 m with a Vinten Camera and 27 9 mm lens. 

The main transect was photographed with the same camera type and 7 6  mm 

lens. B oth cameras were mounted on a B ell 500 helicopter that flew at 

a height of 1 7 5  m. 
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Fi gure 3 .  Flight li nes of low level photography (1:2000) flown 
i n  1 976 i n  the Athabasca Oi l Sands a rea . 
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4 .  RESULTS AND DISCUSSION 

4 . 1  VEGETATION DESCRIPTION 

4 . 1 .1 Vascula r Plant Community 

The ja ck pine sta nds, selected a s  biomoni tor sites, were 

va ria ble both in species composition a nd cover of lower stra tum in the 

pla nt community (Table 3 ). The stand order seen i n  Table 3 was deter­

mined by constructi ng the a ssociation table based upon a freq uency-cover 

index (% cover + % freq uency ·:· 2). No disti nct pattern was evi dent in 

the stand descriptions that could be related to the dista nce that sites 

were from the oil sands operations. Community structure a nd com­

position, therefore, provided no evidence tha t there was a ny effect of 

the GCOS processing pla nt on ja ck pine stands in the Atha basca Oil Sands 

area . 

The stands a ppear to brea k  into four groups based on the 

freq uency-cover i ndices of the species present. Ha rley Creek, Fina 

Airstrip, Fireba g River, Mildred Ca mp, a nd Gradient Site A (#3 , 6, 1 ,  

5 a nd 12, respectively) a ll had several speci es i n  common that rarely 

occurred in other sta nds (e. g . ,  CampanuZa �tundifoZia L. , AmeZanchier 

aZnifoZia N utt. and PotentiaZZa tridentata Ait. ). These sites a lso 

had the lowest stand densi ties of trees greater than 1 0  cm DBH (1 50 to 

3 00 stemsoha
-1; Ta ble 4 ). B eca use of the low stand densi ty, the surfa ces 

of the sites were more exposed to drying wi nds. The lower stra tum vege­

tati on reflects this exposure and these sites represent the dri est type 

of ja ck pine stand found in the a rea . Gradi ent Site D (#1 3 )  as a whole 

appea red to be transitional i n  species compositi on, cover, and stand 

density a s  well a s  i n  moisture status, whereas B itumount Tower (#2 )  wa s 

not. The sta nd density of B itumount Tower (Ta ble 4 )  was unusua lly high 

(2600 stems'ha
-1) but, because the trees were clumped, the site wa s 

divided a lmost eq ually into moi st a nd dry sections. Stand density in 

the moist section wa s a bout 4 000 stemsoha
-1• The dry section appea red 

to be very similar in species composition and cover to the group des­

cribed a bove. The moist section of B itumount Tower, on the other hand, 

was si mila r  to the Fort Ma cKa y (#4 ), North Steepbank (#8), a nd Gordon 
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Table 3. Assoc ia tion table of frequency-c over indices of lower 
stratum plant species a t  biomonitoring sites in the 
Athabasca OU Sands area .  
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Table 4. Jack pine stand density of biom onitoring sites in the 
Athabasca Oil S ands area. 

3 

1 

5 

6 

12 

2 

13 

4 

8 

9 

7 

10 

11 

Site 4 

Hartley Creek 

Firebag River 

Mildred L ake Camp 

Fina Airstrip 

Gradient Site A 

B itumount Tower 

Gradient Site A 

Fort MacK ay 

N orth S teepbank River 

Gordon L ake 

Muskeg Mountain 

Birch Mountain 

Thickwood Hills 

Density 
( stems >10 cm DBH. ha-1)a 

15 0 

300 

175 

175 

175 

2 600 b 
175 

5 75 

825  

1175 

6500 

8 75 

1625 

a DBH _ Diameter at B reast Height. 
b 

S tand is clum ped: Open area � 2 00; Closed area � 4000. 
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Lake (#9) sta nds. These sites were more moist tha n the fi rst group , 

a t  least partially as a result of a higher sta nd density (575 to 1175 

stemsoha -1; Ta ble 4 ). These si tes ha d severa l mesic pla nt species 

present (e.g., Epilobium angustifoUwn L., Elymus innovatus B eal a nd 

Aralia nudiaaulis L. ). Sites such as Muskeg Mountai n, B irch Mounta i n, 

and Thickwood Hills represented the most hydric group of ja ck pine 

stands. They gra ded i nto black spruce sta nds a nd, in fact, were the 

only plots where bla ck spruce was found. In a ddition, Muskeg Mounta in, 

B irch Mountai n, and Thickwood Hills had high sta nd densiti es (6500, 

875 and 1625 stemsoha
-1, respectively) tha t would lower nea r-surface 

wi nd speeds, reduce eva potra nsp i ra tion, a nd mainta i n  high soi l 

moi sture a t  t hese sites. There wa s, however, some overlap i n  sta nd 

density with the Fort Ma cKa y-North Steepbank-Gordon Lake group . This 

overlap was a result of the low stand density at Birch Mounta i n. At 

this site, there were ma ny black spruce stems tha t were slightly 

less tha n  1 0  em i n  diameter a t  breast height. These stems were not 

i ncluded i n  stand density estimates and yet ap pea red to have a 

substantial impa ct on wind speed. 

The B ra y-Curtis ordi na tion (Dripps a nd Ga uch 1971) graphica lly 

exp resses how sta nds of vegetation compare with one a nother. This 

method of expression clumps i ndividua l  sta nds into groups that have 

si milar characteristics based on freq uency-cover i ndices of the 

sp ecies present. Figure 4 graphi ca lly summa riz es Ta ble 3 a nd shows 

the same trend as the a ssociati on table with one nota ble excep tion. 

Ha rtley Creek (113 ) was substantia lly di fferent tha n the other dry 

sites (#1, 5, 6, and 12) a nd a ppea red to represent the driest pha se 

of ja ck pine sta nd found i n  the a rea. This site ha d the lowest sta nd 

density, the grea test ground lichen cover (mai nly Cladina mitis), a nd 

was missi ng several key species [e.g., Linnae a borealis var. americana 

(Forbes) Rehd. a nd Melampyrwn lineare Desr. ] tha t were common i n  more 

mesic sites (Table 3 ). The X -a x is of the ordi nati on appea red to 

relate to site moisture status. Sta nd densities (Table 4 )  tend to 

support this hypothesis a s  they a lso i ncrea se a long this a x is. 

�=�.� .. ====�----------------------- -------

i ' ... 1;It. ... 
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Figure 4 .  B ray-Curtis ordination of j ack pine biomonitoring 
stands based on frequency-cover indices of lower 
stra tum vascular species. 
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The ma jor purpose o f  the ordi na tion was to synthesise the 

large amount of community i nformation. Thi s method can also be used 

to detect subtle cha nges in sta nd composi tion a nd cover over ti me 

which would be reflected a s  a shift in the rela tive position of the 

sta nds. A future exa mi nation (to be done i n  1 980) of these sta nds, 

usi ng the same q uadra ts, will provi de sufficient information to 

determine the effect of a irborne pollutants cha racteristic of oi l 

sa nds operations on the cover or freq uency of plant species in these 

sta nds. Essentially, cha nges i n  each site will be monitored over 

time. This would eliminate the need of ma king compa risons between 

sites tha t often have considerable na tura l  va ria bility. 

4 .1 .2 Cryptogamic Pla nt Community 

The a ssocia tion ta ble (Ta ble 5) uses freq uency-cover i ndices 

of the species present to ra nk the stands in order of their simila rity. 

In this ca se, the frequency of ea ch species group was the mean of the 

frequencies of ea ch species a nd cover was the percenta ge tha t each 

species contributed to the a rea tha t  the bra nch plus lichen occupied. 

Usi ng this basis for cover, q ua drat siz e va ried from bra nch to bra nch 

a nd reported lichen cov ers were independent of bra nch siz e. The 

varia bili ty i n  the a mount of lichen present a s  a result of different 

bra nch 'sizes a nd confi gurati on, therefore, wa s removed from compa ri­

sons between sites. 

The lichen a ssocia tion ta ble did not show a pa ttern tha t  

could be a ttributed to a ir polluti on (Ta ble 5). The sta nds, however, 

were divided into four groups a s  shown i n  the B ra y-Curtis ordi na tion 

(Figure 5). These groups a re a rbitrary and were ba sed on the similarity 

between sites a s  determined by the frequency-cover i ndices of the 

species present. It was not possible to rela te the a x es of this ordina­

tion to environmenta l fa ctors as was done with va scula r communi ties. 

The maj or rea son for thi s  i s  the paucity of i nformation a s  to what 

fa ctors control the distribution a nd constitution of corticolous lichen 

communities i n  the borea l forest. 



Table 5 .  Association table of lichen stands at biomonitoring si tes in the Athabasca Oil Sands area. 
Values are freq uency-cover indi ces (freq uency + cover 7 2) of 10 q uadrats at each site. 

Species Stands 
4 5 9 10 1 6 ff 8 3 

Evernia mesomorpha, Usnea 
spp. and RamaZina spp. 75 . 3  71. 5 75 . 6  61. 1 66. 5 44. 8 5 1. 9 36. 2 56. 3 

AZectoria gZauca 45 . 3  5 0 . 6 5 0. 4 50. 4 45 . 3  44. 7 30. 1 51. 2 5 . 0  

Hypogymnia physodes and 
ParmeZia suZcata 5 4. 2  5 5 . 5  5 5 . 0  5 3 . 8 5 3 . 8 5 7 . 2  55 . 9  48. 1 37 . 8  

Cetraria haZei and 
Cetraria pinastri 30. 4 5 0. 4  43 . 9  43 . 1  36. 7 43 . 4  41. 8 28. 2 25 . 5  

Distance from GeOS (k m) 24 11 7 3  61 7 4  4 3 0  31 26 

I-' co 
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Fi gure 5 .  B ray-Curtis ordi nati on o f  corti colous lichens at bi omonitoring 
sites i n  the Athabasca Oi l Sands area. 
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Li chen commu nities have not b een u s ed ex tensi vely to des cribe 

air pollu ti on imp act on fores ts (Hawks worth 1 973) . In mos t cas es , the 

distri bution of s elected s ens itive speci es has been used to i ndicate 

plllutant impingement (Gilbert 1 969; Rose 1 973) . This has been p ossible 

in areas where there has b een su ffi ci ent i mp act of the p ollu tants to 

eliminate certai n species of lichen from the immedi ate vicinity of 

the s ou rce. In the Athab asca Oil S ands area, ai r p ollution has b een 

neither long nor i ntens e enou gh to eli minate ev en the most s ens i tive 

lichen species from forests i n  the area. Historic app roaches , there­

fore, were i nappropriate and hence the more detailed ex amination of 

lichen commu nities was adopted. Changes with time i n  p res ence, 

frequ ency or cover of any lichen sp ecies resu lti ng from ai r p ollut�on 

i njury will be reflected as a shift i n  the relative p os i ti on of the 

stand. Thi s s hift can be qu antified and compared with air p ollu ti on 

concentrations at the site. 

4. 2  S OIL DESCRIPTION 

The s oils underlying the jack p ine biomoni tori ng plots 

were very s i mi lar in type, textu re, and horiz ons p res ent. Modification 

of the parent material occu rred to abou t 32 cm b elow the surface of 

the mineral s oi l  and resulted i n  Ah, Ahe, Ae and B m  horiz ons (Tab le 6). 

Ah and Ahe horiz ons appeared to result from frequent fi re i ncidents 

that produ ced a substanti al qu antity of carbon that was i ncorporated 

read ily i nto the mineral soil.  The more common method of organi c  matter 

i ncorpo ration i nto mineral horiz ons b y  s oil microfau nal acti vity app ears 

to be minor at these sites. In all cases, the soils were acidic 

(pH <5 . 5  i n  CaC12) and were coars e textured (s ands to s andy-loams). 

All s oi ls were dystric bru nis ols wi th one ex cep ti on at 

B i tu mou nt tower, where thickness of the Ah horiz on was su fficient to 

place the s oi l  i n  the sombri c bruni sol great group (Table 7; C anadian 

S oi l  Su rv ey C ommittee 1 974 ). Most of the s oi ls were classifi ed as 

degraded becau se of thei r well-devloped A e  horiz on. A gleyed C 

horiz on at North S teepb ank riv er was res pons ible for this p refix being 

I · 1 . \ � �� 
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Ex ample of soil type and characteristics at b iomonitoring 
plots in the Athabasca O il S ands area. 

Degraded Dystric B runisol 

The site was depressional to level and had no evidence of either 

water or wind erosion. The soil was well drained and supported a 

vegetativ e  community dominated b y  Pinus banksiana and Populus 

tremuloides Michx . in the shrub stratum and Arctostaphylos uva ursi 

and ground lichens (Cladina mitis) in the lower stratum. 

Horiz on Depth (cm) 

LFH 

Ahe 0-4 

Ae 4 -6 

B m  6-25 

c 25 + 

Description 

Very dark gray (1 0 Y R  3 /1 m & d), semi­
decomposed organic matter; many fine 
v ertical roots; ab rupt smooth boundary; 
3 cm thick; pH 5 . 4 (in water). 

Gray (1 0 YR 5 /1 m), gray brown (1 0 Y R  5 /2 d); 
loamy sand; single grain; loose; many medium 
to fine v ertical roots; abrupt, wav y  boundary; 
2 to 6 cm thick; pH 5. 7 (in water). 

L ight gray (1 0 YR 7 /2 m), very pale b rown 
(1 0 Y R  7 /4 d); loamy sand; single grain; 
loose; v ery few fine horiz ontal roots; 
ab rupt, wav y boundary; 1 to 3 cm thick; 
pH 5 . 4  (in water). 

Reddish yellow (7 . 5  YR 6/8 m), (7 . 5  Y R  
6/6 d); loamy sand; single grain; loose; 
few medium horiz ontal roots; gradual smooth 
boundary, 1 5  to 22 cm thick; pH 5. 7 (in water). 

B rownish yellow (1 0 YR 6/6 m), yellow (1 0 YR 
7 /6 d); loamy sand; single grain; loose; v ery 
few medium to v ery fine horizontal roots; 
pH 6. 0 (in water). 

a 0 indicates the surface of the mineral soil. 
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Ta ble 7 .  Typ e  and depth of soils at ja ck pine biom oni t oring sit es 
i n  t he Atha basca Oil Sa nds area . 

Sit e  Name Soil Typ e 
Dep th t o  
C Horiz on 

1 Fireba g  River Ort hic Dyst ric Bruniso1 45 

2 Bit umount Tower Ort hic Dyst ric Bruniso1 40 

3 Hartley Creek D egraded Dyst ric Bruniso1 38 

4 Fort MacKa y D egra ded Dystric Bruniso1 15 

5 Mildred La ke Camp Degraded Dyst ric Bruniso1 32 

6 Fi na Air s t r  ip Degraded D yst ric Bruniso1 25 

7 Muskeg Mountain Orthic D yst ri c Bruniso1 .25 

8 North S t eepba nk Riv er G1eyed Degra ded D yst ric Bruni so1 26 

9 Gordon La ke Degra ded Dyst ric Bruniso1 45 

10 Bi rch Mountain Degraded Dyst ri c Bruniso1 3 1  

11 Thickwood Hills D egra ded D yst ric Bruni so1 20 

12 Gradient Si t e  A D egraded Dyst ric Bruni so1 42 

13 Gradient Sit e  D Degra ded D yst ric Bruniso1 3 2  
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a dded to the soil name.  The consista ncy of soi l types, tex tures , pH, 

a nd horiz ons present indicated tha t simila r  pedogenic processes were 

occurring a t  a ll sites. 

4. 3 CHEMICAL CONTENT 

Chemical ana lysis of pla nt materia l f rom the biomonitoring 

sites showed a substa ntial i ncrease in Su lphur (S ), Alumi num (A) and 

Iron (Fe) as one a pproa ched the GCOS pollution source (Ta ble 8). This 

i ncrea se was great enough tha t, for all elements, at least four of the 

six species studied had significa ntly (p <0. 05 ) hi gher polluta nt 

contents <1 0 km from the source tha n  either 1 0  to 25 or >25 km from 

the stack . Three to sev en sites were i ncluded i n  each z one. The 

pa ttern was not rela ted to total soil content of these elements as 

i ni tia lly ex pected, since there was no significa nt di fference (p <0. 05) 

in S ,  A1 or Fe content among the m ea ns at i ncreasi ng distance from 

GCOS for a ny hori z on (Table 9) . In genera l, the i nfluence of emissions 

appea rs to be limi ted to a bout 1 0  km from the pollution source i f  all 

pla nt species a nd the ma jor pollutants are consi dered as a whole 

(Ta bles 8 a nd 9). 

In a ddition to the use of soil a na lyses a s  a ba seline wi th 

whi ch to com pa re plant a na lyses, the soil, pa rticula rly the LFH horiz on, 

ca n be used a s  a n  indica tor of polluta nt deposi ti on. In some ways, the 

LFH horiz on represents a better m easure of long-term deposition since 

it  accumula tes polluta nts for a longer period of time tha n pla nt foli age. 

In the Atha basca Oil Sa nds a rea , polluta nt deposition did not a ppear to 

be enough to show any real di fference between si tes especially in view of 

la rge natural site va ria bility (Ta ble 9) . Aluminum a nd i ron content of 

the soil (Ta bles 9B a nd C) however, did dem onstrate the effect of the 

na tura l pedogenic processes of eluvia ti on from the A hori z on a nd i llu­

via tion into the B .  The C horiz on Al and Fe contents were i ntermedia te 

to those of the A a nd B horiz ons. The lev els of these two elem ents in 

the C hori z on probably represent the levels that exi sted before leachi ng 

or deposition occurred. 



Table 8. Pollutant content (ppm) of pla nt material from bi om oni tori ng plots i n  the Atha basca Oi l 
Sands area (Mea n ±95% confi dence li mi ts). 

Distance from Pinus Picea ArctostaphyZos Ledwn Ground Feather-
GCOS (km) banksiana gZauaa uva-uY'si groenZandicum li chens moss 

A.  SULPHU R 

<lOa 880 ± 38b 883 ± 61 780 ± 66 1101 ± 87 457 ± 4 0  1229 ± 7 7  

10-25 7 7 2  ± 36 697 ± 4 5  4 7 3  ± 29 1015 ± 68 445 ± 4 8  1076  ± 7 1  

>25 7 81 ± 4 5  675 ± 23 538 ± 41 1116 ± 42 3 04 ± 15 839 ± 3 7  

B. A LU MINUM 

<10 654 ± 67 1\ , 
240 ± 69 250 ± 52 316 ± 50 4 3 6  ± 150 1678 ± 4 04 

10-25 513 ± 57 , 68 ± 14 125 ± 22 116 ± 18 123 ± 31 1091 ± 17 2 

>25 588 ± 4 1  r' 4 8  ± 11 179 ± 3 5  156 ± 19 161 ± 18 587 ± 4 6  

C. IRON 

<10 17 7 ± 4 7  187 ± 62 160 ± 27 267 ± 4 9  176 ± 55 I, 1160 ± 356 
, 

10-25 113 ± 16 7 2± 8 109 ± 24 117 ± 20 7 6  ± 21 , 87 2 ± 169 

>25 130 ± 18 61 ± 16 141 ± 27 140 ± 20 154 ± 19 ,1 532 ± 53 

a Three si tes occurred <10 km from GCO S, 3 si tes from 10 to 25 k�and 7 si tes >25 km. 
b Verti cal li nes i ndi cate mea ns that a re not si gni fi ca ntly di fferent (p <0. 05) i n  a Student-Newm an-

Keuls test. 

N 
� 
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Table 9. Total pollutant content (ppm) of soils from the biomonitoring sites in the Athabasca Oil 
Sands area (Mean ±95% confid�nce limits). 

Distance from LFH Ah + Ahe Ae Bm BC C 
eGOS (km) 

A. SULPHUR 

<lOa 394 ± 127 b 194 ± 100 40 ± 17 38 ± 17 49 ± 31 61 ± 16 

10-25 466 ± 32 114 ± 68 63 ± 20 48 ± 20 39 ± 23 

>25 374 ± 48 7 2  ± 22 25 ± 20 6 ± 19 39 ± 26 26 ± 12 

B. ALUMINUM 

<10 6743 ± 1812 8585 ± 1503 I 10503 ± 4173 15347 ± 417 3  16544 ± 635 13108 ± 1183 

10-25 7848 ± 914 12247 ± 2997 15547 ± 3215 12219 ± 617 13047 ± 5289 

>25 11105 ± 3181 12850 ± 6247 163 7 7  ± 6630 20933 ± 7 123 15349 ± 4624 16927 ± 4793 

C. IRON 

<10 2665 ± 1085 2848 ± 920 2939 ± 154 10043 ± 4365 6876 ± 1 7 86 6458 ± 1253 

10-?5 3459 ± 1182 3532 ± 1281 6385 ± 1256 67 82 ± 597 557 5  ± 1818 

>25 4425 ± 1449 2862 ± 1196 3938 ± 1460 9962 ± 4185 7 130 ± 3708 7676 ± 2849 

a Three sites occurred <10 km from ecos, 3 sites from 10 to 25 km, and 7 sites >25 km. 
b Vertical lines indicate means that are not significantly different (p <0.05) in a Student-Newman-

Keuls test. 

N 
\JI 
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Feathermoss appeared to be the best species group to 

dem onstrate a gra dien t  of p ollutant dep osi ti on in the oil san ds area 

(Tab le 8). Up ta ke and retenti on of p ollutants by mosses appears to 

be purely a p hysica l  (i on ex chan ge) p rocess (Clough 197 4 ). Mosses 

are excellent p ollutant traps an d have b een used ex tensively to 

mon itor or map b oth ga seous and pa rticula te p ollutants (Ta oda 197 3; 

Leblanc an d Rao 1 97 4 ;  Grodz inska 1978). 

Tree species, particularly Picea gZauca� a lso app eared to 

give a good indica tion of p ollutant impingement (Table 8), whereas 

the lower stra tum species di d not. The use of p lant species a s  

indicators of pollution imp ingem ent has b een used extensively in the 

past (va m Raa y  1 968; P ya tt 1973). In this ca se, p lant p o llutant. 

content appea red to b e  rela ted to both the p hysica l  position of the 

tissue and to the ability of the plant to a voi d pollutan t entry. The 

a ctua l tissue concen tra tion of the element, however, di d not indica te 

how good a polluta nt trap a species i s, a s  evidenced b y  hi gh Ledum 

g�enZandicum S con tent whi ch was not related to distan ce f rom the 

source (Table 8). 

P ine and sp ruce samples were ta ken 7 to 1 0  m above the ground 

and this, in  conj unction with low sta nd den si ties a t  most sites 

«1 000 stem seha
-t; Tab le 4 ), ensured tha t the ta rget was in the op en 

a nd f ully exp osed to the pollutant. Lower stra tum va scula r speci es 

were more protected as a result of b oth canop y and ground b ounda ry 

la yers. These species, theref ore, were not exp osed either a s  f req uently 

or to a s  high concentra tions a s  the trees. Addison and Baker (1 978) 

a lso showed tha t ground dwellin g species had low pollutant upta ke ra tes 

tha n  more exp osed sp ecies. 

The capability of p lants to ex clude p ollutants f rom their 

structure a lso appea red to b e  importa nt in understan ding p la nt p olluta nt 

content (Table 8). Vascular sp eci es have b een shown to ex clude p ollu­

tants through stoma ta l action (Fa rra r et a1 . 1 97 7 ;  Cap ut et a l. 1 97 8) 

and, in fact, pla nt p opula ti ons resi sta nt to S02 inj ury ha ve b een shown 

to ha ve higher stoma tal resista nce (Braun 1 97 7 ). Stoma ta l  con trol of 

polluta nt entry app ea rs to separate p lants into va scula r and non­

va scula r species si nce the la tter ha d no control over p ollution upta ke. 
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It was not surprising, therefore, that cryptogamic plants revealed 

a more distinct pattern of pollutant absorption (particularly S; 

Table 8A). As mentioned above, feathermosses were the best pollutant 

deposition indicators. Dry lichens are practically inert to pollutants 

(Marsh 1975) and, since boreal ground lichens are dry for much of the 

year (Rouse and Kershaw 1971; Lindsay in prep.), it was not surprising 

that lichens did not show as distinct a pollutant deposition pattern 

as feathermoss. 

Using feathermoss as a bioindicator, distinct gradients in 

S content were observed in northerly (Mildred Lake Camp-Fort MacKay­

Birch Mountain), southwesterly (Gradient Site A-Gradient Site D­

Thickwood Hills), and southeasterly (Fina Airstrip-North Steepbank 

River-Gordon Lake) directions (Appendix 7, Table 10). These gradients 

appeared to be unrelated to soil S content (Appendix 7, Table 13) and 

reflected pollutant deposition over a seven- to nine-year period. All 

values of S content were in the normal range expected in plant 

material (Chapman and Pratt 1961). These gradients indicate how 

sensitive and useful this method is for long-term biomonitoring of 

pollutant deposition. 

4 . 4  AERIAL SURVEY 

Aerial photography was "ground truthed" both at the permanent 

sites that were on the flight lines and at selected locations where 

plant communities other than Pinus banksiana-Alnus crispa occurred. 

Ground truthing involved both on-site observations and the use of 

large-scale stereo pairs (1:500) that were taken at the same time as 

the main transect. The photography has been catalogued according to 

flight line and location and is on file at Northern Forest Research 

Centre. Photography will be flown again if casual observations 

indicate that crown damage in the vicinity of the two operating oil 

extraction plants has occurred. In 1976, there was no apparent injury 

to the crowns of any stand in the vicinity of GCOS. 
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s .  CONCLUSIONS 

A s et of jack pine biomonitoring s ites estab lis hed in the 

Atha basca O il Sa nds a rea follows a pa ttern that is related to air-shed 

chara cteristics ,  topogra phy and geo graphical position. Thes e  sites 

are sufficiently s ca ttered to permit long-term biomonitoring of both' , 

present a nd proposed air pollu tion s ources . 

There was no meas urea ble impa ct of a ir polluta nts on either 

vas cular or cryptogramic pla nt commu nities . Va s cu lar pla nt commu ni ties 

appea red to be patterned a long a moisture gradient tha t was a t  lea s t  

partia lly caused by differences i n  s ta nd dens ity a mong the s ites . 

S ince little is known about the fa ctors tha t  control branch 

d welling corticolous lichen communities in the borea l forest, no 

expla na tion for lichen commu nity pattern is p roposed . 

Fea thermos s appea red to be most effective species grou p in 

ta king up a nd reta ining a eria l  emissions. Other species , pa rticu la rly 

trees , showed a simila r but less distinct pattern of polluta nt depos i­

tion with dista nce from the s ou rce. In genera l, significa nt u pta ke 

of emissions occurred less than 10 km from the pollution s ou rce even 

though specific gradients in plant p ollu tant content ex tended u p  to 

25 km. 

S ince na tu ra l  va ria bility, pa rticula rly in s oil a nd pla nt 

polluta nt content, may ha ve mas ked s ignifica nt ef fects of a ir pollu tion 

in the region, the need for resampling a nd compa rison of each site 

with i ts elf over time is of critical im portance. Monitoring of po llu­

ta nt im pa ct on plant communities can be a ccomplished only by successive 

sampling, a na lysis , a nd i nterpretation. 
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7. APPENDIX 

Since this is  a baseline docum ent, i t  was deemed necess ary 

to provide chem ical analyses of both s oi l  and vegetation at the 

permanent biomonitori ng sites to enable future s i te-speci fic comparisons 

to be m ade. In addition, because of the multi dis ci pli nary nature of 

the Alberta Oil Sands Env ironmental Res earch Program, data are provided 

as s upport for ongoing and future studies in a v ariety of fields. 

Specif ic use of this appendix i s  made in the Results and Discuss ion 

section of the tex t (Table 1 0  to 1 5). 
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Table 1 0 .  S ulphur content (ppm) o f  tissue of selected spec ies from tl'-e Atha" asca Oil S and s area 
( mean ±9S% conf idence limits � )  

Sulphur Content of Foliage 
Dis tance & Direct ion 

f rom GCOS Pinus Picea Al'Ctostaphy los Ledum Ground Feather-
S i tes kID banksiana glauca uva-ursi g1'Oenlandicwn lichens moss 

12 Gradien t S i t e  A 2 . 8  SSW 1002 ± 48 918  ± 81  796 ± 7 1  1409 ± 92 6 29 ± 38 1 289 ± 49 

6 F ina Airs t rip 4 . 0  ESE 809 ± 77 895 ± 1 24 984 ± 131  714 ± 7 3  4 5 8  ± 24 1 205 ± 62 

1 3  Gradient Site D 5 . 3  S SW 828 ± 30 691 ± 101 559 ± 23 1 180 ± 78 284 ± 25 1 195 ± 230 

5 Mi ldred Lake Camp 10 . 5  NW 862 ± 45 854 ± 38 533 ± 69 814 ± 34 392 ± 40 1 252 ± 100 

4 For t  MacKay 23. 7 NNW 799 ± 57  667  ± 9 3  461 ± 41 924 ± 79 499 ± 84 9 30 ± 72 w w 
3 Har t ley Creek 25 . 0  N 656 ± 51 571 ± 33 425 ± 29 1306 ± 93 N/A 1043 ± 154 

1 1  Thi ckwood Hills 30. 0  SW 677 ± 43 N/A 6 1 3  ± 70 127 1 ± 127  29 7 ± 16  823 ± 115  

8 North S teepban� River 30 . 6  ESE 369 ± 55 676 ± 34 6 76 ± 1 15 1 150 ± 101 323 ± 37 825 ± 47 

7 Muskeg Mountain 39 . 4  ENE 737 ± 3 1  N /A N/A 1239 ± 124 299 ± 79 983 ± 204 

2 Bi tumoun t Tower 39 . 8  N 806 ± 47 768 ± 46 692 ± 49 1 107 ± 86 350 ± 33 866 ± 121 

9 Gordon Lake 72 . 8  SE 1 1 75 ± 122 548 ± 28 356 ± 66 1 168 ± 104 34 1 ± 35 79 1 ± 52 

1 F i rebag River 74 . 0  NNE 9 79 ± 87 589 ± 27 365 ± 55 746 ± 108 255 ± 18 831 ± 102 

10 Birch Mount ai n  80 .0  NNW 7 30 ± 36 N/A N/A 1 1 18 ± 39 265 ± 23 759 ± 39 



Table 11 . Aluminum content ( ppm) of tissue o f  selected species from the Athabasca Oil Sands area 
(mean ±95% con f id ence limits) . 

AlUllinum Content of Foliage 
Dis tance & Direction 

from GeOS Pinus Pi.cea botostapht/ tos Ledum Ground Feather-
Sites taa banksi4ntz gtauca uva-W'si gztoentandicum lic:heDS IDOSS 

12 Gradient Site A 2 . 8  SSW 643 ± 60 303 :t: 19S 397 :t: .0 399 ± S4 738 ± 369 2150 ± 1089 

6 FiDS Airstrip 4 . 0  ESE 604 :t: 139 165 :t: 7 1  1 7 4  :t: 79 181 ± 39 183 ± 7 1  8 1 0  ± 162 

1 3  Gradient Site D 5 . 3  SSW 655 ± 100 253 ± 92 196 ± 35 350 ± 76 386 ± 181 2073 :t: 262 

5 Mildred Lake Caap 10.5 NW 438 ± 123 48 ± 34 164 ± 49 159 :t: 36 1 1 7 ± 36 1651 ± 1 34 

4 Port MacItay 23. 7 NNW 466 ± 73 83 ± 10 101 :!: 36 77 ± 24 163 ± 40 1003 ± l29 w 
0&:-

3 BartleJ Creek 25. 0  R 627 ± 84 74 ± 30 106 ± 25 1 14 :t: 19 RIA 619 ± 75 

1 1  Tbiclr.voocl Billa 30.0 sw 639 ± 9 1  RIA 36S ± 7 1  254 ± 47 254 ± 34 793 ± 82 

8 North Steepbank River 30 . 6  ESE 423 ± 96 0 160 ± S9 114 ± 3S 93 ± 30 681 ± 9 7  

7 KuskeS Mountain 39 . 4  ERE 519 ± 45 RIA RIA 129 ± 30 204 ± 42 646 ± 86 

2 BitUlllOUllt Tower 39 . 8  R 619 :t: 78 63 :t: 25 152 :t: 41 162 ± 41 185 ± 28 578 ± 89 

9 Gordon Lake 72 . 8  SE S 1 4  :t: 86 68 ± 45 1 1 1  :t: 26 156 ± 54 1 3 1  ± 21 492 ± 5 3  

1 Firebag River 74.0 NNE 558 :t: 100 37 :t: 17 9 3  :t: 27 1 3 1  :!: 80 67 :!: 41 J0 1 :!: 89 

10 Birch Mountain 80 .0 NNW 830 :t: 126 RIA RIA 141 ± 38 195 :!: 43 635 ± 107 
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Tabl e 12. Iron content ( ppm) of tissue ' of selected spec:f,es from the A thabasea Oil Sande area 
(mean ±95% confidence limits) . 

Iron Content of Foliage 
Dis tance & Direction 

from GCOS Pinus Piasa btotostaphy ws Ledum Ground Feather-
Sites km bank.siana g1..auoa uva-ursi groentandioum lichens moss 

12 Gradient Site A 2 . 8  SSw 191 ± 18 1 26 ± 34 2 1 5  ± 34 248 ± 20 293 ± 127 753 ± 373 

6 Fina Airs trip 4 . 0  ESE 154 ± 63 1 34 ± 6 1  77 ± 3 3  1 4 1  ± 26 67 ± 39 386 ± 86 

13 Gradient Site D 5 . 3  SSw 120 ± 25 300 ± 169 190 ± 27 412 ± 78 168 ± 6 1  2341 ± 338 

5 Mildred Lake Camp 1 0 . 5  NW 150 ± 35 85 ± 9 176 ± 42 167 ± 39 63 ± 28 1442 ± 105 

4 Fort MacKay 23 . 7  NNW 1 10 ± 1 7  53 ± 4 85 ± 34 81 ± 20 9 1  ± 33 7 1 7 ± 68 w 
VI 

3 Hartley Creek 25 . 0  N 94 ± 1 1  7 8  ± 21 69 ± 1 2  1 1 2 ± 16 N/A 443 ± 83 

11 Tbickwood H11ls 30 .0 SW 201 ± 41 N/A 29 3 ± 60 155 ± 62 2 1 3  ± 30 569 ± 59 

8 North Steepbank River 30 . 6  ESE 102 ± 19 33 ± 86 1 31 ± 5 1  133 ± 16 79 ± 20 504 ± 6 1  

7 Muskeg Mountain 39 . 4  ENE 107 ± 10 N/A N/A 101 ± 28 104 ± 21 481 ± 43 

2 Bitumount Tower 39 . 8  N 101 ± 10 JO ±  1 1  9 3  ± 13 149 ± 30 108 ± 20 382 ± 102 

9 Gordon Lake 12 . 8  SE 133 ± 59 58 ± 20 73 ± 1 3  1 20 ± 1 8  220 ± 52 940 ± 103 

1 Firebag River 74 . 0  NNE 56 ± 7 29 t 8 92 ± 14 145 ± 66 1 1 1 t 1 3  320 ± 46 

10 Birch Mountain 80 .0 NNW 220 ± 50 N/A N/A 190 ± 1 1 2  246 ± 77 5 1 2  ± 64 



Table 13 . Total 8u1ph�r content (ppm) Rf SO�$ in the Athabasca Oil Sands area (mean 95% confidence limits) . 

Distance & Direction Sulphur Content of Soil 
from GCOS 

Sites km LFH Ah + Abe Ae 8m BC C 

12 Gradient Site A 2 . 8  SSW 634 ± 1 19 390 ± 54 25 ± 1 6  3 5  ± 35 87 ± 9 

6 Fina Airstrip 4 . 0  ESE 370 ± 73 30 ± 24 35 ± 40 49 ± 31 62 ± 4 

13  Gradient S ite D 5 . 3  SSW 1 7 8 ± 14 162 ± 3 54 ± 28 44 ± 59 33 ±" 30 

5 Mildred Lake Camp 10 . 5  NW 481 ± 4 7 7  ± 28 66  ± 14  48 ± 20 4 ± 6 

4 Fort MacKay 23. 7  NNW 4 1 3  ± 66 11 ± 6 27 ± 19 51  ± 14 w 
'" 

3 Hartley Creek 25 . 0  N 504 ± 60 254 ± 8 97  ± 14 6 3  ± 75 

11  Thickwood Hills 30 . 0  SW 425 ± 51  142 ± 1 1  86 ± 20 1 1 2  ± 24 70 ± 69 

8 North S teepbank River 30 . 6  ESE 592 ± 146 1 ± 2 10 ± 1 1  

7 Muskeg Mountain 39 . 4  ENE 273 ± 39 0 0 1 3  ± 1 2  
2 Bi tumount Tower 39 . 8  N 233 ± 40 20 ± 28 48 ± 20 

9 Gordon Lake 72 . 8  SE 274 ± 82 26 ± 1 5 ± 4 0 3 ± 5 
1 Firebag River 74 . 0  NNE 44 7 ± 20 1 19 ± 22 53 ± 9 47 ± 71  3 ± 9 

10 Birch Mountain 80 . 0  NNW 371 ± 82 9 ± 1 1  9 2  ± 1 7  3 1  ± 16 33 ± 48 

,-_____ ,,.,..">=,_,,_,.-. ....... _>-""'_ �  ___ ,_ ...... . ,_��__..·� __ � ...... _� _ _____ ���"� __ " _ __... •. _"._w._". "''' '4��_''� ___ �'. ___ �-",� __ ,_�_,. _ _  " _ ""' ___ .,�_ ,�� _____ ,_ •• �._. ,,� _ •. �. � ____ ........... .........,,_�."---'� 



Tabl e. 14 . Total aluminum content (ppm) o f  so ils in the Athabasca Oil Sands area . Values are averages 
of two repl icates . 

Distance & Dire c t ion Aluminum Content of S o i l  
from GCOS 

S i tes Ian LFH Ah + Ahe Ae Bm BC C 

12  Gradient S i t e  A 2 . 8  S SW 7 300 9431 8268 16364 1 1863 

6 Fina Airs t rip 4 . 0  ESE 8214 9582 1 1254 16544 1 3190 

13 Gradient S i te D 5 . 3  SSW 4 7 1 4  6742 12805 18424 14271 

5 Mildred Lake Camp 10 . 5  NW 6953 9584 1 7 783 12219 6907 

4 For t  MacKay 2 3 . 7  NUW 8814 15684 18133 1 7876 w 
..... 

3 Har t ley C reek 25 . 0  N 7 7 7 7  1 1472 16728 14359 

11  Th ickwood Hi lls 30 . 0  Slv 22106 23430 23982 3508 1 3 36 7 1  

8 North S teepb ank River 30 . 6  ESE 10631 1 89 10 21881 
7 Muskeg Mountain 39 . 4  ENE 10107 14070 30054 16 396 
2 Bitumount Towe r 39 . 8  N 8159 9695 12490 
9 Gordon Lake 72. 8  SE 5 166 4483 4166 10068 7 323  
1 Fireb ag River 74 . 0  NNE 7 126 9418 1 1362 12881 12434 

10  Birch Mountain 80 . 0  NNW 14442 1845 1 29337 1 78 1 7  14298 
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Table 1 5 . Total iron content (ppm) o f  soil s in the Athabasca Oil Sands area . Values are averages 
of two r epl ica tes . 

Distance & Direc tion 
from GCOS 

S i tes km 

12 Gradient S i te A 2 . 8  SSW 

6 Fina Airstrip 4 . 0  ESE 

13 Gradient Site D 5 . 3  SSW 

5 Mildred Lake Camp 1 0 . 5  NW 

4 Fort MacKay 23. 7  NNW 

3 Hartley Creek 25 . 0  N 

11 Thickwood H ills 30 . 0  SW 

8 North S teepbank River 30 . 6  ESE 

7 Muskeg Mountain 39 . 4  ENE 

2 Bitumount Tower 39 . 8  N 

9 Gordon Lake 72 . 8  SE 

1 Firebag River 74 . 0  NNE 

10 Birch Mountain 80 . 0  NNW 

I ron Content of Soil 

LFH Ah + Ahe Ae BID 

3718 3920 2935 12240 

2537 2622 4703 

1605 2003 2943 13 186 

326 2  5060 6 1 29 

4803 2589 7824 

2313 2947 5203 

780 7 464 1 3184 14600 

4375 5830 

342 1  2226 13735 

2640 3247 

1994 1345 1666 4045 

2449 3236 4548 

8286 5072 19595 

,-------------� ," -----

Be C 

7999 

6875 5689 

5686 

6 782 4503 

7805 w 
co 

4419 

15023 

14843 

5 783 

3487 

2973 

5 1 1 3  46 78 

9 148 6942 

---,---�-�.,.".. ....... ---- �--- -. 
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A rea 
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A rea 
L i fe Cyc l es o f  Some Common Aqua t i c  I nsects o f  the 
Athabasca R i ve r ,  A l berta 
Ve ry H i gh Reso l ut i on Me teo ro l og i ca l  Sa te l l i te  S t udy 
of O i  I Sands  Wea ther : "A Fea s i b i l i ty S tudy" 
P l ume D i spers i on Measurement s  f rom an O i l Sands 
Ext ract i on P l a n t ,  Ma rch 1 976 

A C l i ma to l ogy of  Low Level A i r Traj ec to r i es i n  the 
A l berta O i l  San d s  A rea 
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A l berta 
A Su rvey of  Base l i ne Leve l s of  Con tami nan ts  i n  Aqua t i c 
B i o ta of  t he AOSE RP S tudy A rea 
I n t er i m  Comp i l a t ion o f  S t ream Gaug i ng Da ta to Decembe r  
1 976 fo r t he A l be rta O i l Sands E n v i ronmen ta l Resea rch 
P rogram 
Ca l cu l at i on s of Ann ua l Ave raged S u l phu r D i ox i de 
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A rea 
Cha rac te r i za t i on of O rgan i c  Con s t i t uen ts  i n  Wa ters 
and  Wa s t ewa ters of t he A thabasca O i l Sands M i n i ng A rea 
AOS ERP Second  Annua l Repo r t ,  1 976-77 
A l berta  O i l Sands Env i ronmenta l Res ea rch P rog ram I n ter i m  
Repo rt t o  1 978 cover i ng the pe r iod Apr i l 1 975 to 
Novembe r  1 978 
Acute Letha l i ty of M i ne Depres s u r i za t i o� Wa t e r  on 
Trout Perch a n d  Ra i nbow Trout 
A i r System W i n t er F i e l d  S tudy i n  t he AOS ERP S tudy 
A rea , Feb rua ry 1 977 . 
Rev i ew of  Po l l uta n t  Tra n s fo rma t i on P rocesses Re l eva n t  
t o  the A l berta O i l Sands A rea 
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A l be rta 
Meteo ro l ogy an d A i r Qua l i ty W i n t e r F i e l d  S t udy i n  
t he AOS E RP S t udy Area , Ma rch 1 976 
I nte r i m  Repo rt on a So i l s  I nvento ry i n  the Athabasca 
O i l Sands Area 
An I nven to ry Sys tem fo r Atmosphe r i c Em i s s i ons  i n  the 
AOS E RP S t udy A rea  
Amb i en t  A i r Qua l i ty in  the  AOS E RP S t udy A rea , 1 97 7  
E co l og i ca l  Hab i t a t  Ma pp i ng of  the  AOS E RP S t udy A rea : 
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AOS E RP Th i rd Ann ua l  Repo rt , 1 977- 78 
Re l at i on s h i ps Be tween Hab i t a t s , Forages , and Ca r ry i ng 
Capac i ty of  Moos e  Range i n  no rthe rn A l be rt a . Pa rt I :  
Moose P re fe rences fo r Hab i ta t  S t rata and Fo rages . 
Heavy Me ta l s  i n  Bot tom Sed i men t s  o f  the Ma i ns tem 
Ath abasca R i ve r  Sys tem i n  the AOSE RP S t udy A rea 
The E ffects  o f  Sed i men ta t i on on t he Aqua t i c  B i ot a  
Fa l l  F i she r i es I nves t i ga t i on s  i n  the Athaba s ca a n d  
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M i x i ng Cha racte r i s t i cs of the Athabas ca R i ve r  be l ow 
Fo rt McMu rray - W i n t e r  Cond i t i on s  
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I n te r i m  Repo r t  o n  Symptomo l ogy an d Th resho l d  leve l s  of  
A i r Po l l utan t I nj u ry to  Vegetat i on ,  1 9 75 to  1 978 
I n te r i m  Repo rt on Phys i o l ogy and Me chan i s ms of  A i r-Bo rne 
Po l l utant I nj u ry to Vegetat i on ,  1 975 to 1 978 
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and So i l s ,  1 975 to 1 978 . 
A V i s i b i l i ty B i as Mode l fo r Ae r i a l  S u rveys fo r Moose on 
the AOS E RP S t udy A rea 
I nte r i m  Repo rt on a Hyd rogeo l og i ca l  I nves t i gat i on o f  
the Muskeg R i ve r  Bas i n ,  A l be rt a  
The Eco l ogy o f  Mac robenth i c  I nve rteb rate Commun i t i es 
i n  Ha rt l ey C reek ,  Nort heas t e rn A l be rt a  
l i t e ra t u re Rev i ew on Po l l ut i on Depos i t i on P rocesses 
I nte r i m Comp i l at i on of  1 976 S uspen ded Sed i men t  Da te 
i n  the AOSE RP S t udy A rea 
P l ume D i spe rs ion  Meas urements  f rom an O i l S an ds 
Ext rac t i on P l an , J une 1 97 7  
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Ba se l  i ne Sta t es o f  O rgan i c  Con s t i t uen t s  i n  the  
Atha basca R i ve r  S ys t em Ups t ream o f  Fo r t  McMu r ray 
A P re l i m i na ry S t udy of Chem i ca l  and M i c rob i a l  
Cha ra c te r i s t i cs o f  t he A t habasca R i ver  i n  t he 
A t haba sca O i l  Sands A rea of  No r thea s t e rn A l berta 
M i c rob i a l  Popu l a t i on s  i n  t he A thabasca R i ve r  
The Acu t e  Tox i c i t y of Sa l i ne Groundwa te r and o f  
Vanad i um t o  F i sh a n d  Aqua t i c  I n ve rteb ra tes 
E co l og i ca l  Hab i ta t  Map p i ng  of  the AOS ERP S tudy A rea 
( Supp l emen t ) : Pha se  I 
I n ter i m Repo r t  on Eco l og i ca l  S t ud i es on the lower 
Troph i c  lev e l s of  Mus keg  R i ve rs W i t h i n  t he A l b e r ta 
O i l  Sands Env i ronmen ta l Res ea rch P rogram S tudy A rea 
S em i -Aqua t i c  Mamma l s : Anno ta ted B i b l i o g raphy 
Syn t hes i s  of S u r fa ce Wa ter  Hyd ro l ogy 
An I n ten s i ve S tudy of t he F i s h Fauna o f  the S teepban k 
R i ve r  Wa tershed o f  Nor t heas tern  A l b e r ta 
Amph i b i a n s  and Rept i l es i n  the AOS ERP S tudy A rea 
Ana l ys i s  of AOS ERP P l ume S i gma Da ta 
A Rev i ew and As ses smen t of the Base l i ne Data Re l evan t 
to the I mpact s  o f  O i l Sands Deve l opment on la rge 
Mamma l s  i n  t he AOS E RP S t udy A rea 
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i n  the AOSE RP S tudy A rea 
A n  As ses smen t of  t he Mode l s l l RAQ and ADP I C  fo r 
App l i ca t i on to the A t haba sca O i l Sands  A rea 
Aq ua t i c  B io l og i ca l  I nves t i ga t ion s of the Mu skeg R i ve r  
Wa tershed 
A i r System S umme r  F i e l d  S tudy i n  t he AOSERP S tudy A rea , 
June 1 97 7  
Na t i ve Emp l oymen t Pa tterns  i n  A l ber ta ' s  A t habasca O i l 
Sands Reg i on 
An I n te r i m  Repo r t  on t he I n sec t i vo rous An i ma l s  i n  t he 
AOS ERP S tudy A rea 
La ke Ac i d i f i ca t i on Po t en t i a l  i n  t he A l b e r ta O i l Sands 
Env i ronmen ta l Resea rch P rog ram S tudy Area 
The Eco l ogy of  F i ve Major  S pec i e s of Sma l l Mamma l s  i n  
t he AOS E RP S t udy  A rea : A Rev i ew 
D i s t r i b ut ion , Abundance and Ha b i ta t  A s soc i a t i on s of  
Beavers , Mu skra ts , M i nk and R i ve r  Ot ters  i n  the AOSERP 
S�ud y Area , No rthea s tern A l berta 
A i r  Qua l i ty Mode l l i n g  a nd U s e r  Need s 
I n t e r i m  Repo r t  on a Compa ra t i ve S tudy of  B en th i c  A l ga l  
P r i ma ry P roduc t i v i t y i n  t he AOS ERP S tudy A rea 
An I n ten s i ve Study of the  F i s h  Fa una of t he 
Mus keg R i ver  Wa ters hed o f  Nor t hea s t e rn A l b e r ta 
Ove rv i ew of loca l Econom i c  Deve l opmen t i n  the 
A t ha ba sca O i l  Sands Reg i on S i nce 1 96 J . . 
Hab i ta t  Rel a t ions h i ps and Managemen t of  Te rres t r i a l  
B i rds i n  No r thea s t e rn A l b e r ta 
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The Mu l t i p l e Tox i c i ty of Vanad i um,  N i c ke l , and 
P heno l to F i s h .  
H i s tory o f  t he Athabasca O i l Sands Reg i on ,  1 980 to 
1 960 ' s .  Vo l umes I and I I .  
S pec i es D i s t r i bu t i on and Hab i ta t  Re l a t ion sh i ps of 
Wa terfowl i n  No r t heas te rn A l be r ta . 
B reed i ng D i s t r i b u t ion  and  Behav i ou r  of the  Wh i te 
Pe l i can i n  the  A t ha ba sca O i l Sands Area . 
The D i s t r i bu t i on , Fora g i ng Beha v i ou r ,  and A l l i ed 
Ac t i v i t i es of  the Wh i te P e l i can i n  t he A t ha ba sca 
O i l  Sands A rea . 
I nves t i ga t i on s  o f  t he S p r i ng S pawn i ng F i s h Popu l a t ion s  
i n  t he A t ha ba sca  and C l ea rwa ter  R i ve rs U p s t r eam from 
For t  McMu r ray ; Vo l ume I .  
An i n ten s i v e  Su rface Wa t e r  Qua l i t y S tudy of  t he Mus keg 
R i ve r  Wa t e r s hed . Vo l ume I :  Wa te r Chem i s t r y .  
A n  O bs erva t i ona l S t udy o f  Fog i n  t he AOS E RP S tudy Area . 
Hyd rogeo l og i ca l  I nves t i ga t i on of Mus keg R i ve r  Bas i n ,  
A l ber ta 
E co l og i ca l  S t ud i es o f  t he Aq ua t i c  I nve rt e b rates '  of the  
A l b erta O i l Sands  E n v i ronmen ta l Resea rch P rog ram S t udy 
A rea of No rtheas te rn A l be r t a  
F i s he ry Resou rces o f  t he Athabasca R i ve r  Down s t ream o f  
Fo rt McMur ray , A l be r t a .  Vo l ume 1 
A W i n te r t i me I nves t i ga t i on of the Depos i t i on of Po l l u t a n t s  
a round a n  I so l ated Powe r P l an t  i n  Nor t hern  A l berta  
Cha racte r i za t i on of S tored Pea t i n  the  A l berta  O i l 
Sands Area 
F i she r i es and Hab i ta t  I nves t i ga t i on s  of T r i but a ry S t reams 
i n  t he Sou t he rn Po rt i on of t he AOS E RP S tudy Area . 
Vo l ume I :  Summa ry and Conc l us i on s  
F i s he r i es a n d  Aqua t i c  Ha b i tat  I nves t i ga t i on s  i n  the 
MacKay R i ve r  Wa tershed of  No rtheas t e r n  A l berta 
A F i she r i e s  and Wa te r Qua l i ty S u r vey of  Ten La kes i n  
t he R i cha rdson Towe r A rea , No r theas te rn A l be rt a .  
Vo l ume t :  Me t hodo l ogy , S ummary , an d D i s cus s i on .  
Eva l ua t i on of t he E ffect s  of Convec t i on on P l ume Behav i ou r  
i n  t he AOSERP  S tudy Area 
Serv i ce De l i ve ry i n  t he Atha basca O i l Sands Reg i on S i nce 1 96 1  
D i ffe rences i n  t he Compos i t i on of So i l s  Unde r  Open and 
Canopy Cond i tI on s  at Two S i tes  C l ose- i n  to t he G reat 
Canad ! an O i l Sands Ope ra t i on ,  Fort  McMu r ray , A l be rta  
Base l i ne Cond i t i on of Jack P i ne B i omon i to r i ng P l ot s  i n  
t he Athabasca a i l Sands A rea ; 1 976 and 1 977  
Syneco l ogy and Auteco l ogy of  Bo rea l Fore s t  Vegetat i on i n  
the AOS E RP S t udy A rea 
Base l i ne I nven tory of Aqua t i c  Mac rophyte S pec i es D i s t r i ­
but i on i n  t he AOS E RP S t udy Area 
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