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River-borne sediments transport and accumulate
contaminant compounds, which in turn can be Related Study Questions
transferred through the food chain from bottom-
dwelling invertebrates to larger predatory species of
fish. In 1992 and 1993, the Athabasca River and its
major tributaries were investigated intensively by the

4a) What are the contents and nature of the
contaminants entering the system and
what is their distribution and toxicity in

Northern River Basins Study to determine the levels the aquatic ecosystem with particular

of pulp mill related contaminants in water, sediments reference to water, sediments and biota?
and biota. These initial surveys documented

detectable concentrations of several dioxins, furans 4b) Are toxins such as dioxins, furans,

and resin acids. The levels were many times higher mercury, etc. increasing or decreasing

in sediments than in water and, for some particular and what is their rate of change?

compounds, tended to persist with distance
downstream. This report documents a follow-up
investigation to gain a better understanding of
contaminant concentrations and their distribution in
both the Athabasca and Peace River drainages, by
supplementing the data collected previously by
NRBS and Alberta Environmental Protection from 1988-1993.

13b) What are the cumulative effects of man-
made discharges on the water and
aquatic environment?

This project report presents the analytical results and spatial trends for polychlorinated dibenzo-p-dioxins,
dibenzofurans, resin acids, polyaromatic hydrocarbons (PAHSs), chlorinated phenolics, PCBs, extractable
organic halides (EOX), toxaphene and mercury in bottom sediment samples collected in 1994 and 1995.
Sampling locations were chosen to provide (1) broad coverage of both the Athabasca and Peace River basins,
(2) coverage of key mixing zones below four bleached kraft pulp mills, and (3) replication with locations
sampled previously.

Fifteen depositional zones were sampled on the Wapiti, Smoky, Peace and Athabasca rivers. Highest levels
of sediment resins acids were found on the Athabasca River near Emerson Lakes, and on the Peace River
upstream of the mouth of the Smoky River. However, levels of resin acids have decreased significantly since
previous surveys. Highest total PAH concentrations were found in the lower basin of the Athabasca River,
and in the upstream sites on the Peace River. The highest concentrations of chlorinated phenolics were found
downstream of bleached kraft mills in the upper Athabasca River and the Wapiti River. Dioxins and furans
were present in low concentrations in bottom sediments of both river basins, and the results do not indicate
widespread contamination from pulp mill effluents. Levels of the four most toxic congeners of dioxins and
furans increased from 1988 results on the Peace River upstream of the Smoky River. Spatial trends in PCBs
were not apparent in either basin, but the highest levels of total PCBs were found in bottom sediment from
the Peace River upstream of the Smoky River. No detections were reported for EOX, toxaphene, or total
mercury. Results of the within-site variability analyses varied with the compounds tested, demonstrating the
need to sample intensively within a reach to produce a representative composite sample. Mean
concentrations of some compounds were higher in the sand fraction than the clay-silt fraction of depositional
sediment samples.

Similar to other studies, depositional sediments were found to be an important medium for accumulating
several groups of contaminant compounds, and the levels are dropping in most locations. The data described
by this project will be incorporated into a synthesis report addressing spatial and temporal trends of
contaminants within these northern rivers. This document will provide the necessary interpretation and
comparison with other studies dealing with contaminants in water and sediment downstream of pulp mills.
In addition, results from this project will be incorporated into contaminant fate and food chain models being
developed for these river systems.






The Northern River Basins Study commissioned Environment Canada to undertake bottom sediment
surveys ofthe Athabasca and Peace River basins in October 1994 and May 1995. The surveys were
undertaken to provide a part of the answer to Question 4 of a series of questions which the NRBS
was mandated to answer, dealing with the distribution of and temporal changes in contaminants in
the Peace, Athabasca, and Slave River basins.

The 1994-95 bottom sediment surveys had four objectives: to determine the spatial distribution of
contaminants in bottom sediments in the Athabasca and Peace River systems during 1994-95; to
determine within-site variability in bottom sediment contamination at a number of locations; to test
the assumption that the sand fraction is not an important repository of contaminants, and; to provide
a 1994-95 dataset for comparison with earlier bottom sediment collections in 1988-89 and 1992.
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Choles (Alberta Environmental Protection) for overseeing the analytical contracts, and; Jim
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Technical Services, Environment Canada), and Bob More (Alberta Environmental Protection) for
assisting with the field collections.



2%-= %0%%% %% %% %% %Y

2% > 7?5 5 #<9:< 9 %%%%%%%%%%%% %% %% % %% %% % %% %% %% % %% %% %"
2%2 # O59# << 9 # 3 5 %%%%%%%%%% %% %% % %% %% %% % %% %% % %% %% %%
2%@ <A9 <  #%%%%%%%%% %% %% % %% %% % %% %% %% % %% %% % %% %% % %% %Y
2%" <A9 <# 35 %%%%%%%%%%%%%%%%%% %% %% % %% %% % %% %% %% % %% % %Y

2%$ 5 <A9 # 35 %%%%%%%%%%%%%%%% %% %% % %% %% %% % %% %% % %% %% %00

@%= %%%%% %% %% %% % %% %% % %% %% % %% %% % %% %% %%
@% 9< 9C 5 %%%%%% %% % %% % %% % % %% % %% %% %% %% %% % %Y
@%% D + + E : * 't "+ %%%%%% %% %% % %% %% %% % %% %% %%
@% %2 D + + E : *5 %%%%%%%%% %% %% % %%
@% %@ ' + E + * o # 1$ %%%%%%%%%%%%%%%%%%%% 2
@% %" 9 - " + + E %%%%%% %% % %% % %% %% %% %% % %%
@%2 9 95 %%%%%%%%%% %% %% % %% %% % %% %% % %% %% %% % %% %% % %% %% %%
@%2% ( + +  %%%%%%% %% %% % %% %% % %% %% % %% %% % %% %% %% % %% %% %% Y0
@%2%2 9- D + %9%%%% %% %% % %% %% % %% %% %% % %% %% % %% %% % %% Y
@%2%@ ' + -+ 7 %0%%%0%%% %% %% %% B0% %% % %09
@%2%" + + & : %%%%% %% %% % %% %% % %% %% %% % %% %% % %%
@%2%% 9 - ' + %%%%% %% %% %% % %% %% % %% %% % %% %% %% % %% %%
@%2%B %%%%%%%% %% %% %% % %% %% %% % %% %% % %% %% % %% %% %% %09
@%2%F "+ %%%%%% %% % %% % %% % %% % % %% %% %% %022% %0 % % %%
@%@ <A # 9 3A5 %9%%%%%% %% % %% %% % %% %% % %% %% %% % %% %% %% %0 %"
@%@% ( + +  %%%%%%% %% %% %%

@%@%2 9- D + 3 %%%%%% %% %% % %% %% % %% %% %% % %% %% % %% %% %% % %
@N@%@ ' 3 + -+ 7 %0%%%% %% % %% % %% % %0 %2%0%0 %% %0 %0
@%@%" + + 3& : %0%%%%%% %% %% %% %% % %% %% %% %% %09
@%@%»$ 9 - ' + 3 %%%%% %% %% %% % %% %% % %% %% % %% %% %% % %% %% %Y
@%@%B 3 % %% %% % %% %% %% % %% %% % %% %% % %% %% %% % %% %% % %% %% %%

@%@%F o+ 3 %%%% %% %% % %% %% %% % %% %% % %% %% % %% %% % %% %% %% %0



3.4

34.1
3.4.2
3.4.3
3.4.4
3.4.5
3.5

3.5.1
3.5.2
3.5.3
354
3.55
3.5.6
3.6

3.6.1
3.6.2
3.6.3
3.6.4
3.7

LI

POLYCHLORINATED DIBENZODIOXINS AND DIBENZOFURANS........cccccvvuee. 28
QUANTEY CONIIOL ettt b 29
In-Site Variability in PCDD/PCDFS ...coiiiiiiiiee e 29
Comparison of PCDD/PCDF Concentrations in Clay-Silt and Sand ..........ccccocvieiiinnn 30
Inter-Site Spatial Trends in PCDD/PCDFS ..o 30
Temporal Trends iN PCD D /P C DS .t ste s ste e staesta e te e nre e 31
CHLORINATED PHENOLICS ..o 33
QUANTEY CONIIOL ettt 33
In-Site Variability in Chlorinated PhenoliCs ... 33
Comparison of Chlorinated Phenolics in Sand and Clay-Silt ... 34
Correlation of Chlorinated Phenolics and Organic Carbon ... 34
Inter-Site Spatial Trends in Chlorinated PhenoliCS. ... 34
Temporal Trends in Chlorinated PhenoliCS. ..o 37
OTHER CONTAMINANTS IN BOTTOM SEDIMENT ..ot 38
Polychlorinated Biphenyls (PCBS) ..ot ee e 38
Extractable Organic Halogen (EO X ) ..o 39
B0 =Y 0= = ST 39
TOTAI IMIBICUIY oottt ettt se et e seeete e s e sbesbeeseenaesbesreeneeneeneenneans 39
EVALUATION OF RESIN ACID RESULTS AS A SCREENING TOOL ...ccccvvvrrennne 40
"(

) *

) *

) *

) *



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Sampling Locations, OCIODEr 1994 SUTVEY ..ot sae e nee s 3

Sampling Locations, May 1995 SUIVEY ....ciciiiiiiiiiieie e eieeee et et see et eneesee e 3
Particle Size and Carbon, OCtODEr 1994 ...ttt ettt e e e e e s rereeeeaans 9
Particle Size and Carbon, May 1995 ... e 10
Comparison of Coefficients of Variation in Particle Size and

Organic Carbon Triplicate-Split Composites verses 10-Discrete Depositional Areas .... 11
Resin Acids at Discrete Area Sampling Sites, October 1994 and May 1995 ........cccoce... 17
Resin Acids: Contribution from Sand and Clay-Silt Size FractionS.......c.ccccovvviiiicicinnnnn. 18

Comparison of 1994-95 Resin Acid Results with Earlier Surveys (Clay-Silt Fraction) ... 22

In-Site Variability in PAHs in Clay-Silt and Sand Fractions (May 1995)........cccccoviiininnne. 23
PAHSs: Contribution from Clay-Silt and Sand Fractions, May 1995 ........ccccccoviiiiiniennne. 24
Comparison of 1994-95 PAH Results with Earlier Surveys (Clay-Silt Fraction)................ 27
Interim Canadian Freshwater Sediment Quality Guidelines for PAHS.....coooviiviiiieieeene 27
PCDD/F International Toxicity Equivalency Factors (I-TEFS).....cccoiiiiniiiicieiceee e 28
Fortified Reference Sample Analytical ReSUITS ..o 29
Comparison of PCDD/F Concentrations in Clay-Silt and Sand (May 1995) ...........cccec.... 30
Toxic Equivalent Values and PCDD/F Concentrations .......ccccccevieevieeiieeveesieeseeseenee e e seeeens 31
Comparison of PCDD/F Results with Earlier Surveys (Clay-Silt Fraction).........cccocvevnenns 32
In-Site Variability in Total Chlorinated Phenolics, Clay-Silt and Sand, May 1995 .......... 33
Chlorinated Phenolics: Contribution from Clay-Silt and Sand Fractions, May 1995 ......... 34
Chlorinated Phenolics in Clay-Silt (by Cl-substitution) October 1994 ........cccccoiiiiierennne. 34



+1"# " $%,

2% + + + -+ 4 +- 6 # II$ %%0%%%%0@%0%0% %0
22% ' + + + + -+ & + %%%%%%%%%%% %% %% %% @ F

20% + + o+ o+ -k " %%%%%%%% %% %% % %% %% % %% %% % %% %% % %!
2"% + & + + *5 %%%%% %% %% %% %

2%% + * D %0%%%%%%%0%0°



10.

11.

12.

13.

14.

15.

Bottom Sediment Sampling Locations, October 1994 and May 1995 .......ccccooiiviviiveiiennnnne 4

Particle Size, October 1994 (n=3) and May 1995 (N=10)..c.cccccceiieiiiniiiieeie e e 13

Carbon in Clay-Silt Fraction, October 1994 (n=3) and May 1995 (N=T0) .......cccceovrvrrrrrrnnen. 13
Carbon in Sand Fraction, October 1994 (n=3) and May 1995 (N=10) ...ccccoiiiirririrrrrernenn. 14
Total Resin Acids vs. Percent Organic CarboN ... 18

Total Resin Acids in Clay-Silt Fraction, Athabasca River, Oct. 1994 and May 1995.... 19
Total Resin Acids in Clay-Silt Fraction, Peace River, October 1994 and May 1995 ......... 19
Total Resin Acids in Sand Fraction, Athabasca and Peace River Basins, May 1995 .......... 20
Chlorinated Resin Acids in Clay-Silt Fraction, October 1994 and May 1995 .........c.ccce.e... 21
Total PAH vs. Percent Organic Carbon ... 24

Total PAH in Clay-Silt Fraction, Athabasca River, October 1994 and May 1995 ............. 25
Total PAH in Clay-Silt Fraction, Peace River Basin, October 1995 and May 1995 ........... 25
Total PAH in Sand Fraction, Athabasca and Peace River Basins, 1994-95 ...........ccocueeee.. 26

Total Chlorinated Phenolics in Clay-Silt, Athabasca River, Oct. 1994 and May 1995 .... 35

Total Chlorinated Phenolics in Clay-Silt, Peace River Basin, Oct. 1994 and May 1995 .. 35






-$ /4 #80 11#-$ 124-$2 $2 070 # %3+ , 4%2% 125."6%% .21 "% . 0$2$0 1
0/ $"#1/ 7 $0# 1708 1"$ 114-/-89O $0# 1" "8 US.# 4 #-#-$ %082 ; #1" 11 "p#$<<=12.: /-."'580 "
/UM<0 TH-S S/B #-.5.0/.80% .8 $25.0M0

41 S hI< 0% <$'% 0 2 $30 4828 "%$2.>8" ;3 #-$ =2 1241 ?2270?( -$ 1204 0 2 $3
"/ %3$% AB 0 #$0 #-21 5-1 #4-$ $./$ ."% #-_.;.0/.  $2 .0"0/V:$/H% % .2/- $% ;3 ;%24
Co2IT<<§MH 2M/HNT % 275 ? 0 ? 0$/1"% 0 2 $38 "#-$0=2"511 ??A8 =21 %$% 0.<=:$0
21<0C0#0 .:I"5 LA >:1<$i$228./- 114-$ ==82 #.;.0/. $2 -04.0." .2%. 0$:3/4%
112 480 $ 0# %3 ;3 #-$ § 0 .:3 29192280 #1 04-$ $./- =$/1/ # %3 2%.+ %
?7D, $=1240 %$0/2 ; "5 #-$ 280 #0 114#-30$ 0 2 $30 —. $ ;$8"" =2$=_28% + 214"":$$ $# .. 2?27¢
210:$3 7?78 .0#$20-.""> "% 2 777,

"o30%0 110.<=$0121<< ;M- 0 2 $30 425 %S 1" 1S 12. /801" 10 "% /:.3, 0%% <$''408 4- /-
4828 =244 1"8% ;303 "5 125$36%0%2 $% 0.<=:30 #-21 5- BD << +" , 0. ":$00 0#$$: 0% $0

-04.0%!"$ """t HS<=H#Y 04.""%.2% 65 4-$ 280 #0 ;$4A$$" 0.<=$0-. "5 .23 "5 0.""%@0 :#(/:.3
2.41080™/% . " <:$2110# %$0-. $0-14" #—_#/1"/S 2.4 10 V1 =3%21==0; / /1. <" _"H#0 #$"'%
#1 ;8 " $208:3 =21=124 1" o #1 = 24/:$ 065 +."% 0 21./$ .28., V14-$ 0$% <$"# <.#$2 .: -$4#0
<$#-1%1:153 <.3 —. $ .% ."#.580 2%..4%% #1 ‘"#32004% /l<<=.2.; :#3 0'<$ 2% $4%20 -. $
0 55%$04$% #-.4# % 02$5.2% "'5 #-$ 0.""% 12./# 1" " "".:30%0 " 1: $0 .00 <=#1"O#-_# /.""'M ;$1 ::3
EO0#1%%+ $ #-$ .00 <<#1"#—##-$0."%12. /41" /U . <™"#:1.% 04051/, " .%%#!1'
#-$ 441 0 2 $30 %% "M =21 %$ LI2< # 1" 285.2% "5 #$2'.: 0#% .2 .; 143 257 2%% #! .00$00
0.<=:"5 %$05"8 12 .%$7 _#$ .".:3M/.: 2%=:/#1" #1 %$s2<"$ #-$ 05" 1/."/$ 11 "'#$200 #$
JU/SUH2 4 0 % 11828 /80 T %o 1R H-F L3/ L WSS/ 1T <#0 45288 112 01 <<$ =_2. <$H$208 #1]
- 5 #1 WSHS/H . <; S /1S4 10

C2IT<<$UE %, 40 /YR A1 TS24 >8 %4 1L S HI< 0$% <$"# 0 2 $30 114-$ $./%
% #-.5.0/0 $20 T /#1382 7?7 % .3 ??( S VES/H $0 M1#-$08 /1::8/4 170 4928
D OOpid2<<™$ #-$ 0= .0 %082 ; #1" 1L /1™ <™ "0 " HI< 08% <$"#0 " #-$
f=.5.07.0 "% $./8 $203048<0% 2'5 ??70?(

A1 %BR<M$ 4 #0048 2.5 3 M HHI< 0N <R /1R AN 4 L <82 11
A/ #10

D I #30# #-$ .00 <<=# 1" #-.# #-$ 0."% 12./#1" 0 "l " <=12¢."% 2$=104#123 11
/ME.<""H0

=20 gL 2?7 %A 08 112 /1<=201" 4 #- $.2: 82 /0874100 T 2 (?A



“H# < 03% <$'H 02334.0 "% [#$% %25 #-$=$21% #;$2'@ 8 ?78 .:!4 @114
=$2 1% 4-$" %$=10#1".: .2$.0 4$2% 2$.%:3 .//$00;:$  .<=:$0 4$2% /!::$/#$% # #$" 0#$0 % 2"5
#-002$3+.;:$ , #""SO#P0 +%$'#1%% " .;:$ .0 F/<=I0#$G 0#$0,8 0.<=:$0 4$2$ #.>$"
12I< . -I<I5$"6%$% /I<=I0#$ !1 ><" %23%5%80 /1:$/#$% 12!< 112 %$=10#!".. .2$.0
%$'#1$% " $./- 0.<=:"5 2$./- -0 0.<=:"5 <$#-1% 4.0 0<:2 #! #$ ==21/- 0%% "
0.<=:"5=2152<0" ? 8 ?78."% ??A

<="511#-$ #3#- O #$ 4.0 %30 5"$% #! #30# "#$2".: O#$ .2.;:#3 "=2#/$ 063 "% N"#.<"'"#
1 2%%"  $" %$=I0#!".: .2$.0 4$2% 0.<=:$% " . #-2$$ > I<P#$2 2$./- 11 #-$ $./$ $2 ;%14
.0-14. +$./- %$=10#1".: .2$. 0.<=:$ 4.0 . /'<=I0#$ 12I< ( ><." %2$%5%0, -$ 2$0:#"5

#3$" % 0/28#$ 0.<=:$0 4$2$ "1# /'<=10 #3%8 ; # 4$2$ 2$#. "$% 112 "% % .: .".:30$0

11475 . 2% $4 11230 #0 12!<#-$ /#1;$2 02 $38 # 4.0 %PH$2< "$% #-# %% #!".: "LI2<#!"

" "#$2".: 2. #3 "=2#/$06$ "% I"#.<""#0 4.0 "$$%$% 0$/!"% 02 $3 4.0 "%$2#.>$"
%2"5#3=%21% .3 @ A8 ??(8.:14@1:!4 =$21% <<$% #$:3 .1#$2 /1$@'#  $:!/.#!"0 4$2%
0.<=:%% %2"5# 00233 +.;:$A,8 $<=:13"5 #-$ 0.<$ =2!#!/l:0 0$% #-$ =2% 10 /#!;$2 # #-$
$./$ $2:$:!4 .0-14.

<="5 [ #1"0 482$ /-10$" #! =2! %$ ;21.% /' $2.5% 11 ;1#- #-$ #-.;,.0/. "% $./$ $2

;.0"08 #! =21 %$ /! $2.5$11>$3 <C"56!"$0 ;$:14 #-$ 1! 2 ;:$./-@>2.1# < ::0 / 22$"#:3 1=$2.#"5
"#-$;0"08 "% #! =2! %% /I"#" #3 4-$2$ =100;:$ 4#- 0.<=:"5 U #!"0 /I:$/H#$% % 2"5
?8 ?78."% ??A <=0-14"5#$ ??@?( 0.<="5:1/#!"0 00-14" " 52%

AA

2"5 - [#5$2 27" "% .3 ??(8 0.<=:"5 2$./-$0 4$2$ 02 $3%% "#.:3 #! NH#S "%

P <P2.H4P #-$ <IO# I; 10 %$=I0#!".: 28.0 $=$"%"5 =I"#$ ...;:#3 11 %$=10#!".

2$.08 #-$ :$"5#-0 11 #-$ 0.<=:"5 2$./-$0 .2$% 12!< ==2IC<#$3 #4! #! 1 $ 2 $2 > :I<$#$20
" HHS<=H 4.0 <%$ #! 0.<=$ . 2$#3 11 %$=10#!".. .2$.0 " $./- 2$./-8 0/- .0 0:!4 4.#$2
2$.0 ";.308 0:."% :$$08 12 "0%%$ /'<$20 7.:"<$20!1%$=I0#!".: .2$.0 4$23$ 0.<=:$% ..I'5
$./-;.">8 #1 <"<6$;.04-/-<5#:;$ "#21%/$% ;3 "[I<=$#$ 2 $2<C"5

<=$0 4%$2%$ 5$"$2.::3 #>$" 12I< 0-.:14 4.#$2 280 "$.2 0-1288 ;# 1//.0!".::3 2$/$"#:3
$<$25%% ;$./-$0 "% ;.">0 4$2$ 0.<=:%% -$ 063 !1%$=10#1".: .2$.0 0$:$/#$% .2$% 12I< O<.::
+==2IC<#$3 A 07.2% <$#$20, #! $23 :.25% +=$2-=0 ( 8 07.2% <$#$20, $=l10#!".
2$.0 4$2$ <12$ =2% .$"# "% #$"%PD% #! ;$ 2582 1" #-$ $./$ $2#-."I"#$ #-,0/. $2
251$2%"1$ " /-1 /$11%$=10#1".. .28.04.05 $"# N/ #1"0 -. "5 #$ 1"$0# 0$% <$"#0



<=:"5 I/ #$

.38

W apiti River near the Mouth WRM
Smoky River near the Mouth SRM
Peace River upstream of Smoky River PRS
Peace River downstream of Daishowa RRD
Peace River upstream ofNotikewin River PRN
Peace River downstream ofFort Vermilion PRV
Athabasca River upstream ofLesser Slave River ARL
Athabasca River downstream of Alpac ARA
Athabasca River upstream ofHorse River ARH
Athabasca River upstream of Fort McKay ARM

LPA 0 <=5 /108

L<=:"H5 /T

W apiti River near the Mouth

Peace Riverd/s of Fort Vermilion
Athabasca River upstream of Hinton
Athabasca River near Emerson Lakes
Athabasca River d/s of Alpac

#$ .8

WR-95
FV-95
ARC-95
EL-95
ALP-95

R VA3 VI3 Y

.<=:"5
$it-1%

Composite
Composite
Composite
Discrete Area
Composite
Composite
Composite
Composite
Composite
Composite

3 2%

.<=:"5

$4-1%
Discrete Area
Discrete Area
Discrete Area
Discrete Area
Discrete Area

?7?" 2 $3

<;$2
1
.<=:%0
3 xRep
3 X Rep
3 xRep
10 Areas
3 xRep
3 xRep
3 xRep
3 xRep
3 xRep
3 xRep

2 $3

<;$n

.<=:%0
10 Areas
10 Areas
10 Areas
10 Areas
10 Areas

.<=:"5

Oct. 8,
Oct .4,
Oct .4,
.5, 1994
6,
7,
9,

Oct

Oct.
Oct.
Oct.

Oct.
Oct.
Oct.

#$

1994
1994
1994

1994
1994
1995
10, 1994
11, 1994
11, 1994

.<=:"5

#$

May 10, 1995
May 11, 1995
May 8, 1995
May 9, 1995
May 12, 1995



5 2% Hl< $% <$% <=5 V#1708 /#1;$2 227 "% .3 ?2(

g Lig 0 #80 0. <<=:8% ™ /#1;$2 2?77 .28 %$"#1$%
;3. DE:$#s2 048 /1% #300.<=:$% " .3 ??(
H.2$ %$"#18% ;36?2(0 11C -28$04#30 4$2$0.<=:$%
% 25 ;14-0 2 $30



LS 87 =<$"# ": %3$% . O#. ":$00 O#3P$: ><." %2$%5% + (A << C (A<<C (A <<, 4#
1=$2.#"5 -."%:$8 . O#. ":$00 0#%%: A < ;$.>$28 ."%0 O#. ":$00 O#$$: O=#: I $7 =<F'#-. "5
N"#./# 4 #- 0$% <$"#0 4.0 2"0$% =212 #] 0.<=:"5 4 #- JS$#!"$ 1!::14$% :3 -$C."$8 "% #-$" :3
2 $2 4 #$2 <<$% #$:3 ;$112$ 05 2%3@4.0-3% + =2#1/l;, -$< 4 %$@<!'#- ( <: 5.00
A##:30 4 #- #$1:1" [=@: "$20 4$2% 0%$% 112 0.<=:$ 0#12.5%

==2IC<#$3 A <0 12I<#$#!= A [$"# <$#$20 11 $./- %2$%5% 4.0 #2."01$22$% ;3 O=+# .. #! #-$

O#. ":$00 O#$$: ;$.>$2  1#$2 011/$"# %2$%5%$0 -.% ;$$" /1::$/#S% +#$" %2$%5$0 12!< . #l#.: 11112
%$=10#!".: .2$.0 # F/'<=10#$G 0#$08 "% 1 $ %2$%5%$0 12!< $./- |1 #$" %$=I0#!".. .2$.0 # F

% 0/2%#$ .2$.G 0#$0, #-$ 280 #'5 < # @%2$%5$ 0.<=:$0 4$2$ -I<I5$"6$% 0"5 . O#. ":$00 0#$S$:
O=#: [H#;$2 F/'<=I0 #3G 0.<=:$0 4$2% 0=:# "#! #2 =:/#3$0l 0.<=:$0 12!< F % 0/2$#$ .2$.G 0 #30
4$2% "# 0=:# .<=$04%2% :;$:$% 4# . NH!" 1%$8 . 037 $'# .. "<;$2 +#! "% | #$ $ #-$2 #-$
O=#"<$212#$ "% % .. %P$=10#!"..25.8 "% #3$ 0.<=:"5 %H#P .<=:$0 4$2$ #2."01$22$% #!

$2 1M#."U5 %23 [$ 4#-"1"$ -12 11 0.<=:"58 "% #2."01$22$% #! . @B %3$52%$ 12$$6$2

=I"28# 2" 121< #-$ 1 $:%

J- %$=10#1": .2$. %2"5 ;¥ 02$30 4.0 :1/#%% ;3 . 58"  "# "% #$ H#H# %@

"5 # %% 4.0 2$/12%%$% 0 4$:8 0.<=:"5 :I/.#1"0 4$2$ <.2>8% !" #-$ 2$0=%/# $ *(8 <=

0-$$#08 #15#-$2 4 #- 0 #S@0=$/1/ 1$:% "I#$0 $#.:$% O #$ I/ .#1" "112<#!" "% 1 $:% "1#$0 .2$
"I %%$% " ==$"%C

AD

-$ u3# [ =2152.<0 "%$2#.>$" 112 #-$ [#;$2 ??' "% .3 ??( 0.<=:$0 .2$ | #: "$% ;$:14
".:30$0 1 0.<=:$0 12!< ;1#- 02 $30 4$2% %!"$ # #-$ 0.<$ :;12.#12$0 0"5 #-$ <$#-1%!:15 $0
T#:"$% " $H#!I"A'J

J -$ A1$2 ??° 02$3 =21%/$% DK 0.<=:$08 <.%$ =11 ""$ 0$#0 !1 #2 =: /#$@0=: #0 12!<
F/I<=I0 #$G 0 #$08 ."% #3$" % 0/2$#$@.2%. 0.<=:$0 12!< #-$ $./$ $2 %!4"0#2%$.<!1 .0-14.

J -$ 3 ??2(023%3 =21%/$% ( 0.<=:$08 4 #- #$" % 0/2$#$@.2%$. 0.<=$0 12I< $./- 111 $
0.<=:"5 0 #$0

J  .<=:$04%$2% 12$$6$@%2 $%

2#/$ 06$ .".:30$0 4$2% %!"$ " .:: 12$$6$@%2 $% 0.<=:$0

J  .<=$04$2%$ =2##1"$% "#! [.3@0 # "% 0."% 12./#!"0 +BD </2!" 12" [#111, 0"5 4%$#
% %23 0$ "5 #$/-" 7 $0

J 25" "% "25") 121" 4%$2% ".36%% !" . [.3@0:# "% 0.% 12./#!"0 <=9$
=2##1""58 12$$6$@%23 "58 =.2#/$ 06$ "% /.2;" ".:30$0 4$2$ %!"$ # #-$ #!'.. #$2
$0%.2/- "O# # #$ $% <$"#:153 ;124123 " 2:"5#1"8 "#.2!

J 2 /[.3@0:# "% 0."% 12./#1"0 12!< #$ % 0/2$#$@.2$. 0 #30 4$2$ 0 ;< ##$% 112 2$0" ./ % .".:30$0
#1 =21 %$ " "% [ H#!" 1L H#-P %$528$ 11 "HB2": O#S$ .2.$ "% 0."% 12./4# " <=12#"I$ 12
#-$ F/'<=10 #$G 0#$08 . 0"5:$ /.3@0 # O=:# +#-# 4 #- #-$ <% ." 125."/ [.2;I" ""[$"#2.# ",
4.0 .".:36%% 112 2$0 " ./ %0

[



Jo11Ans fi<=@E 1t 11280 /% JttLi30808 L% # 1L 12507/ L3080 4$2% =$2112<$% +0$$
;814 .<=:3%0 4%2% 03: $/#$% 1'21 24-$2 .**.:3080 .0 11::040% + | 1912 F/1<<=10 #$6 0 #3508 #-$ /:.30
0# 0=2# 4-/- -% ;3" ."".:36%% 112 280" ./ %0 +<$% ." 125.""/ /.2;1", 4.0 0 ;<#$% 112
6% # 1ttt i30801 A, 1'2# $ $./8 %2 ,$.!4 L0-1484#-$7:.300 :# 0.<=$ 4 #- #-$ < ."
Bl 280" /%0 0 << 11 . 29=1248% /1<<=1 00, 4.0 0 ;<<#$% 112 %% # 1**.: _**.:30301 .""% +D,
112 0.<= $0 /V:8/48% " .3 ??7(8 #-28% /:.300 # % #-28$ 0.7% 12./# 1" 0.<=$0 121< $./-
0.<=:"50# 4328 0 ;<#%% 112 %h# 1" " 23080 #-$ <" < <B <P ."8 "% <.C< < #M.:
280" /%0 " $./- /.08, 24-$2 .. 3030 110.<=$0 121<#-$ $./8 $2:;8:14 1%L $2<: 1"
+ _3 ?2?2(, 4828 "M NS85 % $#Y ; %5$H /170 %$2.# 10

Jo =S4 s ke # 1 125" /7 i3080 4828 =$2112<$%*

(] % >3 8%
0/-:02"" #8% =-$"1:08 /.#8/-1:085 . ./1:08 032 "'51:08 "' ™08 .""%
032 **5. :%$-3%%$0
@ 1C™01 2.0 "'/ %S <<I™I(% [8.""% #268.""% "1 "BASDEKS  /17'5$$20
0 08 /1588208 /1=:."".2 08 "% #14.: #1C.=-$"8+ /#1;82 227 13,
0$CH2. /4. ;:$ 125" / - 158" + /#1592 277 13,
3k <$2/ 23+ [#1;82 7?77 I'"3,

J L3080 4828 %I u$2 /1MH2./4 53 ) YU/ 1241280 T 3%T$38

J 0% % = /48 0.<=$ 4.0 0 ;<#®% 112 .".:3080 11 o /<M 521 =0 /3241 8%
281$2%""/$ 0.<=:$ 4.0 0 ;<#$% 112 % 1C™GL 2.™ .*.:30%0 -$ .".:36"5 1124123 =21 %%
280 #0 10220 #7$ . ;12,4123 % = /.#$0 4 #-$ $23 .".:34/.02 "+ 12:800 0.<=:30,8 .0 4$:: .0
250 "% < #2C0=>80 0 . /-$/> I #-8 0=:# "50-1<<I5$" 6.# I"" =21/8% 2% .:: #-2$$
/' 3@0 # A2 =048 0= 40 120<< 1S N/ 1+ -0/, $2 ;814 = /8 [81;82 77, 4$2%

":36%% 112 280 ** ./ %0

A L

28$6$0%23 "58 =244 1" 5§ . ":3030 11=24/306% "% 125" /#M: /251" A$28 /.22 1 #
#-$ % <$"#1:153 .,!2.#!238 7 ./ /1030#6<<  S0#12.4 1 2./-8 0 HITL 882 $0$.2/-
TO## #$ " 20UBHITE k21 w2 4-$0 =$2 0! 11 .C .2 . 1432 12$$6$0%23 *'5 ' #-$

125" 0.<=$ /1" "$208 #-$ 0.<=$4.021:%% 4 #- . 1V : /1 $2%% 21::$28 " .. 7 W12 =_24/%
06% .".:3050 4.0 28<<! $% ;3 /1"$ "% 7 .24$2"'58 "% #-$ 0.<=$04%$2$ 0% $% #-21 5- . 0#. "":$00
08$$: BD < /21" +" ,08 8% 82 o =.00"54-$0% $ 4.0 290:.;5:8% 44 #-$ 125".: 0.<=$
LI L 112178, 0 11C L%%%% 82 028<. "5 MH-$0$ $54.04%400% $% 05 125." /0
1238 209 4452 41 23<! § .3 2%¥<. ™ "5 1" << #$2 .: 1452 A$#0 $ *"58 #-$ /1.20% 12./4# 10
A432% 12$$6350%2 $% . 0$/17"% # <$§ ; VitH:$% . oSS a4s- . @+112/1.20%,0 11C n/78% .:7 40
432$ 25<<! $H 121<#-$1"$ . %/!.20$12./#! ‘0112 /.2;1 23080

87 =<<§H /U /ETUEH-$ 0.<=:80 % 275 #-$ =.28# 175 =21/8% 28 /0 %5 08 $08 0=.# .08
% 0% $#2.308 4.001.= "% 4482 4.0-3%8 09 20PN "% #-$ 27'0%% 4 #- /SIS "%
-$C."$ "% %2$% =212 #1 0% -$ <" <1l 08% " #-$ 205 =21/$% 28 4.0 12%% .#
==21C <.#$:3D( %$528$0 112#4%: $ -1 208 ."% /11:$% 112 #-28% -1 20 ;$112$ 0%



2878068 J".:3080 4328 %!S 0548 $ S "% $N52.=- <$-1%  $H. 0 TIH-$ <$H-1% .28
=280848% . 2%=124 ;3 /.U "% . L $+ ?2K?, 25."/ "% t125.7/ /.2;1 4828 .*.:368%
1" 4-$ 0A 2;1" $HS2<™.#12 05 _#41 #<=$2.# 28 %23 /1<<; O# 1" <$i-1%

L<=:$0 112 230" ./ %0 4$2$ 0=>$% 4 #- . 280" ./ % 0 221545 + (<®-3:=1/1/.2=/ ./ %, =212 #]
3000 -8 =21/%% 28 7 %% Ot /#0180 $# $CH2./H 1Y %2 #6.# 1M #1 $04$208 0: /. 53
/8. =8 "% .".:300 ;3 $ 280" ./ %0 48528 28=126$% 4 #- %SH$/# 1" 1 <#0 58$2.:3 "'$.2

"55

3050 11 =.2%"# =1 2V< #/ -3%21/7.2;10 + 0, ."% .:>3:.#% 0 4%$2% .".:36%% ;3

114 "5 0=>"5 ;3 %$ #$2.45% 08 Of: $'"# $CH2./#1'"8 "% /$." = "%

.41 g0 1o/, 5% L3/ 28=1240 '/ %% 280 #0 112 ? =28 0 ."% K .>3:.#%%

0+.0#M4.:0 ;.08% 1" %$52$5 110 ;044 #1™, $ES/H 1T <#0 2%% 4 #- /1<<=1 U ; # 4%2%
5$"$2.:3 :%$:14 "55

=127 8% % ICT0 % 1 2,70 +<<I1MIQN/EL, 4828 0=>$% 4 #- /.2;1"0 D . ;$:8% 0 22154808 01C-:$#
$CH2_/48%8 "% 0 ;ES/#8% #1 . 05280 114.0- "5 "% /-21<.#152.=— / /:$."" = 0#$=0 ;$112$ ."*.:300 ;3
- 5- 2801 # 1™ $i/H 1 <#0112 <108 % 1C™0 ."%1 2.7'049$2$ ;$:14 =55

<=$0 112 /=127 4% =-$"1:/0 +/0 %S /.#$/-1:08 5 . /108 0325108 0 L%
032 "'5._:%3$-3%$0, 4$2$ 0=>$% 4#- . 0 221545 OL: #1018 01" /. #$%8 %$2 _#6%% #1 _/$#3:.#%%
/1<<=1 "%08 2% $: #$% 1" 0:/. 588 =212#1 2300 ;3 $0 :#0 102 "D <I™IQ #1 =§"4.0
/=127 880 /1<=1 %0 4828 28=1248%8 4 #- %$#$/# 1" 1 <#0"$.2 55

L<=:$0 112 =0:3/-:12 " 4% ; =-$"3:0 + 0, +"/: %"5 /1587820 % /1= 2 0, ."%
#1C.=-$"% 4828 0=>% 4 #- :.;$:% 0 2215_4308 01: $"# $CH2./#$%8 "% 12_/# 1" .#$% 1" :120:
04$2% ."".:36%% ;3 B ."%#1C.=-$"$ ;3"$5.4 § 1" 0.0.21/:128 -
/1588208 "% D /1=:.".2 0 4$2$ 25=124%% 4 #- %Ss$/4 1™ : <#OM "55 -$uSHS/H 1T <4

112#14.:#1C.=-$"$4.0"$.2  "55

D 11#-$ ;1 $125.7 7 (3080 4828 /. 2280 Y # 4 ) T3/ 12,4123 7 3%TE38

$i. % LB/ =2181/0:0 2% L Lo U 287 S0 121< #-$ ;12,4123 12 121< #-%
2/- 80
"3080 11 0.<=:$0 112 $CH2./4#.;:$ 125.""/ -.:158" + ), "0 #M: <$2/ 23 4828 %1'$ ;3
1241280 MuS2 0 GO/VH2.MAHY ) ) 4.0 .".:36%% ;3 /1MHS/- 82 /30 #6834
$0#<< ""0#$28 .<=%0 428 $Ci2./4%% 4 #- $#-3: ./$H.4S "% .".:36%% 05 . ) 3682
$0 #0 4$2% /.:/ .#5% 2%:.# $#! %23 0.<=$ 4$5-+# $is/4 1" <#4.0 ( 51%5 4.
<$2/ 23 0.<=$04%2% ."".:36%% ;39 ."#. 2./% .;12.#412%0 ' 2'.;38 <=0 4%2% ./ %
% 5$08$% "% #l#.: <$2/ 23 4.0 U< "P% ;3 /1% =1 2 L + $i-1% A" ( $#-3:

<$2/ 234.0287 $0#$% ; # "'V %bS2<< " 0 /P AVH.: <$2/ 23 4.0 V4 NHHS/HSN BB/ 1T 1 <# 4.0
55 %23 4% 5-4,



A(

-$ 230 #0 112 7 .0 #3 /I"#2!: .0=3/#0 1 #-$ %.#. ": % "5 ;:"%08 2$=:/#$08 ;..">08 ."% 0=>$0 .2$
% 0/ 00$% 4 #- #-$ 2$0 #0 112 $./- M#.<""# 521= 1 280:#0 "/: %$% " #-0 2$=12# 2% .0
28=12#%% ;3 #-$ .".:36"5 ;1241280 | /122%4# 1" 112 ":3# ). 2$/1 $23 -.0 ;$$" <.%$8 0'/$

#-$ 2$/! $23 122$/#1"0 .2$ <.%$ ##-$#<$!11.".:30%0 ;3 /I<=.2 0!" 4 #- "#$2".. O#."%.2%0

L.: $0 2$=12#%% .0 F:$00 #-." %$#P/# " : <#G -. $ ;$$" #2$.4#5% .0 6$2! " O#.# 0# /.. .".:30%0 '1 #-$
%.4#. L.:$0 2%$=12#%$% .0 28 =58> %SHSHSY (H# "H <$SH'S T HLIIHAI 2#52., - $

B #25.43% .0 #-$ 2$=12#5% .. " O#H#O#/.: 3080 :: O##O#/.: #$0#"5 4.0 %!"$ 0"5 .
05"1/"$:$$: 11.N (

D O

#HA#O0H#H.: 0<<.23$0 11 #-$ 2$0 #0 112 =.2#/:$ 0 6% "% /.2;!" .2$ =2$0$"#3$% " .;:$0 D8 $#. :$%
2%0 #0 .==$.2 " ==$"% C

D L2.,:#3 " 2#/$ 6%$."% 25."/ .2;!"8 2 =:/#3@ =: #0

-6 1811/ $"#0 11 .2 #1" 112 #-$ #2 =: | #3@0=:#0 /1:$/#$% " #;$2 ??' +.;:$ D, =2! %$ .
<$.02% !1 #$ $22!120 "1:$% " #-$ -I<ISF"6.#!" "% O=##"5 =2!/$% 2% " #-$ 1$:%8 O;P
0.<=:"5;3/1"$ "% 7 .2#$2"5 "#-$ ;1241238 "% |1 #-$ ."..3# /.. =2/$% 2% %% #!".: $2212

% $# 0;@0.<=:"51106$@11./#!"$% 0.<=:$0 4! :% ;$ $C=B/#$% #! ;$ =2$0%"# " #-$ /.2;I" 2$0 :#0

-$ #2=:/#$ O$H#O 12I< ""$ O#$0 -% NS1L/$"#0 11 2 #!" + L N O#"%.2% %$ #!" C
<$.", 112 =.2#/:$ 06$ .":300 .0 11:140* =$2/$"# 0% DB@ BB % +<$." L A'KQ,l

=$2/$"H 0 #121< @ KAQ +<$." L ( Q| "% =$2/$"# /.3 12l< @K Q +<$." L KKQ,

“$ 0:# "% /.3 2$0 :#0 -% 0<:2 N$11/$"H#0 11 2 #1"  $%/$% 2$=21%/;:#3 " #$ 0.'%

1214 1" <35 2% #5% #) #-$ " 341 #$1"7$ 0$% 112 0."%0 + $ <".:4$5-"511 BD <<

0% S@2%#. "$% <H#$2 ..,

L 3@O0 # 121" 125" 21" 112 #-$ ""$ 0.<=$ O$#0 -% /I$11/$"#0 11 .2 #!" 2."5"5 12I<
AD@D ?Q +<$." L ('Q, % 12/#1"125"//2;"" L0 2."5$% 12!< B D@A? DQ +<$."
L A DQ,



38D 24/ 6% ."%

#$
=4 $2"$.24-$
I
<I>3  $2"$.2#-$
[
$./% $2 0 <I>3
$2

$./% $2%14"00%.< 11
.0-14.

$./8  $2%0
$2

>4 "

$./% $2%14"0428. < 11
124L$2< : 1™

#-.5.0/. $2 0

$00$2 . $  $2
#-_;.0/. $2%0
=/

#-.5.0/. $2 0
120$ $2

#-.;.0/.
¢/ .3

$2"$.2

L2518

#4087
Mean
StDev
Mean
StDev

Mean
StDev
Mean
StDev

Mean
StDev
Mean
StDev

Mean
StDev
Mean
StDev

Mean
StDev
Mean
StDev

Mean
StDev
Mean
StDev

Mean
StDev
Mean
StDev

Mean
StDev
Mean
StDev

Mean
StDev
Mean
StDev

Mean
StDev
Mean
StDev

10

10

/415828 77°

Q "%
16.92
5.18

26.03
1.99

11.01
9.54

22.33
13.78

18.18
7.21

12.11
2.54

25.60
2.45

24.86
2.58

34.22
1.24

30.45
4.01

Q ¢
49.57
4.61

38.21
0.69

60.43
10.40

45.59
9.42

50.54
3.18

57.26
4.58

41.42
0.34

40.86
0.77

31.73
1.14

36.80
1.39

Q :.3
33.52
1.73

35.75
2.65

28.55
1.03

32.08
6.81

31.29
5.56

30.63
3.57

32.98
2.37

34.29
2.14

34.04
0.60

32.74
2.87

2./4 1"

clay-silt

sand

clay-silt

sand

clay-silt

sand

clay-silt

sand

clay-silt

sand

clay-silt

sand

clay-sih

sand

clay-silt

sand

clay-silt

sand

clay-silt

sand

Q
0.87

0.14
1.81
0.47

1.07
0.17
1.16
0.30

1.07
0.22
2.01
0.13

0.73
0.25
1.39
1.88

0.75
0.18
1.21
0.35

0.91
0.29
1.67
0.49

0.82
0.05
0.66
0.18

0.93
0.15
1.53
0.34

1.33
0.03
1.04
0.20

1.13
0.06
1.10
0.07

Q
0.74

0.13
0.87
0.06

1.01
0.05
0.89
0.10

0.77
0.15
0.90
0.08

1.07
0.32
0.75
0.10

1.11
0.32
0.67
0.10

0.90
0.14
0.78
0.06

2.99
0.22
1.51
0.03

1.85
0.14
1.36
0.05

1.87
0.14
0.77
0.04

2.08
1.05
1.01
0.01

Q
1.62
0.10
2.68
0.41

2.08
0.22
2.05
0.26

1.83
0.29
2.90
0.16

1.80
0.42
2.15
1.92

1.86
0.22
1.88
0.26

1.81
0.38
2.45
0.50

3.81
0.26
2.17
0.20

2.78
0.26
2.88
0.37

3.20
0.17
1.81
0.24

3.21
1.05
2.10
0.08



38

=4 $2"$.24-$

$./8  $2%14moRs.< 11
;$:14 128 82< 1

0> 4 288>

#-.;.0/. $2
<$201"  .>$0

#-.;.0/. $2
%14082%. < 11

2478 6% ."%

#

%0

=/

L2518

B0t/
Mean
StDev
Mean
StDev

Mean
StDev
Mean
StDev

Mean
StDev
Mean
StDev

Mean
StDev
Mean
StDev

Mean
StDev
Mean
StDev

10

10

10

10

10

10

10

10

10

10

3 2%

Q "%
26.46
14.73

22.87
14.95

36.76
11.48

43.78
20.48

37.74
18.71

Q #
46.21
9.32

47.41
7.81

59.00
9.21

41.81
16.14

37.17
13.04

Q :.3
27.33
6.12

29.72
8.91

4.71
2.27

14.38
8.45

25.09
6.28

2./41"

clay-silt

sand

clay-silt

sand

clay-silt

sand

clay-silt

sand

clay-silt

sand

Q
1.24

0.41
1.40
1.52

151
0.34
0.77
0.43

1.01
0.19
0.78
0.62

0.98
0.29
0.88
0.89

1.30
0.35
1.03
0.54

Q
1.47

0.16
1.00
0.16

111
0.31
1.05
0.32

7.36
0.24
5.73
0.30

6.87
0.55
5.26
0.44

2.28
0.17
1.47
0.22

Q
2.71

0.50
2.40
1.67

2.62
0.44
1.82
0.53

8.37
0.29
6.42
0.62

7.84
0.68
6.14
0.70

3.58
0.43
2.50
0.72



D AL2,;:#3 " 2#/$% 6%$."% 25."/ .2;!"8 0/2%#$ 2$. #30

$0/2 =# $ O#.# 0#/0 112 % 0/2$#% .25. 0 #$0 /1:$/#$% " .3 22( 2% =2$0$"#$% " $' 12 #$
=2=1030 11 # 0 %0/ 00 !"8 2$0 #0 112 #-$ $./$ $2 %I14"0#2$.< 11 .0-14. + /#;$2 27'8
2$D, 2% " %$%8 0"/$ #-# 0 #$ 4.0 0.<=$% "#-$ 0.<$ <."$2 0$% " .3 27

N1<=20" 11 #-$ /1$11/$"#0 11 .2 #!" 12I< #-$ % 0/2$#$ .2$. 0 #$0 +<!I"5@0.<=$ L, 4 #-
#-109 11 #-$ /'<=I0#$ #2 = | #3@0=:#0 +4 # "@0.<=:$ L, .::140 %$#$2<"#!" 11 #-$ $CH#$"# !1
"#2.@0#$ .2.;:#3 "%$=$"%%$"# !10.<=:"58 -."%: "58 ."% .".:3#/.: L./#120 + .;:$ (,

S8 ( 1<=20M11 1$11/$"HOILL.2 #I" " 2# 1% 63 ."% 25."/ .2;!"
2=/#%@ =:# !<=I0#$0 $20$0 @ 0/2%$#$ $=10#!".: 2$.0

#  %D% # %D %
'+ - 5
4 6 4 6
8 -+ -+
7

2"%F $ %F

+ $%1 2"%$
+ F%F @"%@

+ -+ 7 $%" 2F%$
7 2 %@ 11%1

I$11/$"#0 11 2 #1"11=2#/$ 06% .".:30$0 1!2 #-$ % 0/2%$#$ .2%. 0 #$0 4%$2$ .0 1!::140* =$2/$"#
0% +2."5$ D A@B('Q8 <$." ( KQ,l =$2/$"# 0 # +2."5$ (B@D BQ8 <$." A" (Q,| "% =$2/$"#
/.3 +2."5% +tAA'@( Q8 <$." D'DQ, <=20" 11 4#"@0.<=$ LO 4# <I"'5@0.<=9%

LO O-140 #-# .2.;: #3 2%5:.#5% #! "H#2.@0#$ .2 .;: #3 $C/$$%$% #-# 2$:.#F5% #! -."%: "b@.".:3# /..
$2212 112 . #-2$$ 063 12./#1"0+$ #$ LO <I'5@0.<=$4$2$ <2S#."#4/$#$ LO4#"@
0.<=$,

25" 1.2, L O ##$ % 0/28#$ .2$. 0 #$0 4$2$ .0 1!::140* 125."/ [.2;I" " [.3@0 # 12./#!"
+2."5$ @DD Q8 <$." AK(Q,8 "% "0."% 12.#!"+(A'@ ?Q8 <$." Q +.$( [

-5-$2 "#H2.@0#$ 2.;:#3 " 125"/ 12" " 0% #.' " [.3@O0:# >$:3 2$.#$0 #!
=230%$"/$ .;0$"/$ 11 %$/I<=10"5 125." | <##$2 +4!1%3 <#$2 ..08 ;.2>8 "$$%:$08 $#/, 4-/-0$ $
<IO#:3 #! #-$ 0."% 12./#!" L.2.;:#3 "#3$=2$0$"/$ 11!, 10 125."/ :.3%$20 4.0 "#$% # #$
#<$110.<=:"58 ;#- 4 #-" "% ;$#4$$" 0.<=:"5 0 #$0

$ "$GO $0# 4.0 =$2112<$% #! %$#$2<"$ 4-$#-$2 #-$ 0.<=:"5 0 #$0 $C-; #3% 05" 1 /."#:3 % 11$2%$"#
$$0!11.2,;:#3 -$HS0# 0-148% #-#4#-"@O#S 2."1$ "=2#/$ 06$ "% 125."/1.2;"4.0
"l# 05" 1/."#:3 % 11$2$"# .<!"5 0 #$0



-$ < 5"# UG TL HE2". 048 .2 ;43 M =28/$068 "% 125/ /.20 10 % T 4-$0$ 0 2 $30
"0/ #$0 #-.# 0.<<=:"'D5 VL IVG 0$=10# 1" 28, +1M'$ $./-8 ;. 12 5 />4 _#$2,8 285.2%:$00 1 #-$
%$528$ 11 /1<=10#"5 %I"$ " #-_# .26.8 0 "'l %$7 _#$#1 /11 %$""#:3 %$0/2 ;$ . 0.<=:"'5 28./-

-$ <$#-1%0 0$% " /#1;82 7?7+ 0 ;00.<=$0 /1<=10#$% 121< 11 2 %$=10#1".: .25.0, 4$2%
:>$:30 1178743 5121 0#1 =21 %$ . 2$.01"".;:$ $0# <.#$ 114-$ <$.™

D D I<=.201"11 24/:8 6%."% .2;0" $0 #06 /#1;82 2?27 "% .3 ?2(

IC=1#0 11=_24/$068 280 #0112 0.<=2"5:1/_# 10 /V::$/4$% % 25 ; 14— /[#1;82 2?27 "% .3
?22( .28 =2308"4#% " 5 28 A S 0501 #28%0 " =.24/:$ 06 482% .==.28"% _# .o #-2%8%
04508 4 #- 08% <$"#0 0: 5-#3 /1.2082 " .3 22(#-."#-$=28 V1 0 /#1;$2 ##-$% _=# $2
.2 #-% <V #- "% #-.;.0/. $2 140828 < 11 =./8/..34.005"1/."#3:14%2 " .3
=M (, ##9$ $./8  2%1470#2$.< 11 124 L$2<: 18 /25080 " 0."% "% %$/2$.080 ** 0 :#
;HHASST /#1582 % 348280571/ =M (|

-0 #2%"% <.3 "% /.45 #-$ $11$/40 11 /$ 0/1 2'5 % 2'5 #-$ 0=2'"5 ;2%.> =§ 4-%" 0l<$ 2%P
0 0=$"0 1" 111762 0%% <$'"#0 41 % ;$ $C=$/4%% TS A SEC=L AT 2 4-5#25% 0 2%:.#5%
#1 #-$ 0.<=:"'5 <$#-1% P 20%$=10#1"_: .25.04%2% 0.<=$% " $./- 28./- % 25 /#1;$28 ."%
#$' %S=10#1"_: .25.0% 25 .3 "/25.0%% /1.20$"'$00 "#-$ .30.<=$0<.3;$.2%0 # 11#-$
"$/$00 #3 #1 0.<=:$ 01<<$ :$006#-.""0 %$.: +:$00 1", %$=10#1"_: .26.0 % 2"5 #-$ 03/1"% 0 2 $3 #!
1:1:0.<="52%7 2$<$'#0

$.01"_:#34.0 .:01 038%™ " #-$/.2;1" 280 #0 25"/ "% "125."/ /.2;0" /28.08% 05 1/."#3
=M (R2l< /#1824 3 M#-$/:.300:#12. /40 4 M/ 410+ 5 28D, M#-$0."%12./4 17
t 52878 125"/ 1.2;1" %$/28.08% ;BHASST /#1862 % (34051707 %$/2$.08 ¢ $./% "%

$=.5 070 M/ #1013, ==28M /28080 25t/ /.20 L #-288 11/ #4170 4828 1P
05" 1/7." #=M (, .2;1"#28"%0:>$:3 28L:$/# 1 $204 452 1C%.# 1" 11125." / <_#$2

0%0/ 008% "D A8 -5-$2 .2_;:43 " ;W-=.2#/$06% "% /.2;1" ##-$ %0/2%#$ .28. 0.<=1$
A/ #10 00-14" " H-8 ;20 %$2 ;1C80 "% 4-0>820112 .3+ 5 280 AMDS",

Hso 1" IC "% - 0>$2 /-$<.#/ MO <82 1151C "% 4-0>%2 0/-$< .4/ =140 2%
=2808"#%% " $/# 1D -$0$ =:1H0 =21 %S _ /1 $UEH A3 V1%0=_3"5%.# %042 ; #1708 4- 5
28#. " U552, == /.- %0=.3 111 #8820  -$ 82 ;IC "% /.40 #-$ < U8 A8 N K(H- T 2% %0

- ==%2 "% :14$2 - 580 .28 (O #-$2."58 11#-$ "82;1C L.: $0#52<<®% F1 #0 %I61.:: ;$31"%

O #-$A@K( 7 .2¢:$2."56 +R, "% #-10$ #52<$% F1.2 1 #0 %$6 .25 ;$31"% D) #-$ A(BK( 7 .2%:$
2."5$ (o).

12



3 72(+'S

L%

/8182 7?77 'SP,

247% 6%

52%A

(x5 %E %

3 72( 0

L%

230 2.4 /#1582 227 +U°ND,

2

52D

(T# %

1/



528" 2I"" "% 2/#!"8 A1;$2 ??' +"ND, "% .3 ??( +"N ,

ocC IC

D ' "#$2@O0#$ =#.. 2$"%0 " 2#/$ 6%$."% .2;!"

=#.2%0 #0112 =2#/$ 0 6$ .2$ =2$0$#$% " 52$0 "% A +==$"%C , #0-1:9% ;% "#$%
H-#0"$ " #HHS<=# 4.0 <N$ #! 0.<=F #-$ 1"$0# %$=10#!".: <#$2.....;:$ # $./- 0.<=2"5
0 #$8 =0#2$.<@%!4"0#2%.< 0=#.: % 11$2$"/$0 4$2$ : >$:3 <" < 6$% #! 0!<$ %$52$$

-$ #4) =0#2$.< O#$0 I" #-$ #-.;,.0/. $2+ O "#I" ["#2!: "% % 0 <$20!" .>$0, 4$2%

[.2082 #-." #-$ 112 0 #$0 ;$#4$$" #-$ $00$2 . $ $2."% 12# /.3 +52% :, .<=%0

12I< #-$ ==%$2 0 #$0 -% 12!< DK@"Q 0."% ."% 12!< (@ 'Q /:.38 4-:$ 0.<=:$0 12I< #-$ 1!2
%!4"0#2%.< 1/ #1"0 -% 2%:.# $:3 $7 .. =21=12#1"0 11 0."%8 0:#8 "% /.3 "/$ 5."8 -5-
2. #3 ##-$ % 0/2%#$ .2$. 0 #$0 0 2$L:$/#$% ";21.%$2 2."5$0 112$0 #0 " .3

L /1"0 O#$"# =0#2$.<@%!4"0#2$.< #2$'%0 4$2$ ==28"# " 280 #0 12I< #-$ $./$ $2 + 52%
A, HIL1"$0 +.3 U O#, # $./$ $2 0#$0 #$"%$% #! ;$ -5-$2 #-." #-10$ " #-$ #-.,.0/.
$2 #HA40#SNI<"HO6S12.4!" #.0 $./$ $2 0#%0

-$ [.3@0# "% 0."% 12./#!"0 12I< #-.;.0.. $2 0.<=:$0 0-4$% 0<:2 0=#.. #2$"%0 "
"125."11.2;1"8 4 #- %$/2$.0 "5 N""/$"H2.4 1" <1 "5 %l4"0#2$.< +12I< (@ Q @ "25."/ ##-$



==$2 0 450 %$/2$.0 "5 #1 (AQ =32/$"# .##-3 W14"0#28.< 0#30,+ 525 D "% "8 ==$"%C |,

25." 7 1.2;1" " - 068 2. /410 R21<#-$ #-.;.0/. $24.0"$.2 Q (125."/ =#.
#2$"%0 " /:.300 #0.<=$0121< $./$ $2;.0"0.<=$04%2% "M .==. 28" 4 #- .==21C<.#:3 Q
[.2;0 4 - @125/ % @125.7/, # . 0C 0.<<=:"h5 0#$0 " #-$ 0."% 12./#1"§ 125."/
/.2;1" + (AQ, $C/8$%$% 125"/ /.2;1" ;3 1./#120 "$.2441 4 .0 $./8  $2;.0" 0#0 5.8
UO0=4 L #287%0 0% 12./4 1 /.21 4828 ==28"%

DA

$0" /%0 2% " 2.3 1// 2275 J1U0#4 $UHO V1 #28% ;.2> W AN1%g 44— /1SR 410
/11521 0 #2550 $C/$5% "5 #-10% " %S/ % 1 04#2$%0 ;3 .0 < /— O * + 0. VvE-" 2(AT 20
10 #."0 7?7 , -$ /!"/$"#2 "0 112%0" /%0 "= =< $I1: $"#0 0 %$=$""%$'"# =1"" #-23%
/#'20*# $411% 1 2" 0-8#-$= :="5=21/3008 . %# $%$52$$ 11 ; 115/ #2 #<$''# 114-$ $11: $'#
"% 250" ./ %0 .2% 2$00# 1 %$52.%. 4178 "% 25 01<<$H <$0 0% .0 <.2>$20 '1 ;:$./-0

>2.1# <: <.2>$20

$0* /% .**.:3080 4$2$ %1 1T s 4- /0 300 # "% 0% 12. /4 110 121<< L 0 C % 072846 .2$. 0.<=:"'5
0 #$0 -$ % 0/284$ .28, 04$0 */: %% 28./-%0 ;$:14 1V 2 ;8. /2.1 = =<0 "#-$ ;.0M0
t o S%ANI% =./8  $3$2-.% 0828 "% . 0-14_8 .7 =0828.< /121048 148 #-.;.0/. $2
0 THITE LT . %14T0H2$.< 28./- 1M -8 $./8 0 $24%0 12 L$2<: M, $0" ./ %0 4%2%
"i36%% 1M 0.<<=:$0 121<< #-30$ 0 #30 #! —2' % . <$.0 26 11 "@0# /1. <™. 2.5 :#38 L% #!
14 /l<=200" V1E-$ 280" /%1% "5 -8 1S % /1,208 12./4 10 -$ 250" ./ % 280 #0
43%2% 28 $4%% =212 #1 0 ,<## 5 0.<=:$0 112 %%#1™.: 125."/ _*.:3080 + § % 1C"0L 2."08
/-121=-§""1:08 $#/ ,

"L%%#IM 0 5$2$0 /% ."".:3080 428 %S 1t /#1582 277 /0300 # 0.<=:$08 #1 =21 %% #-$
%.#. ""$$%P% 112 0=_# . #$2 288 41" =288 /:.300 # 0= #0 121<#-$ #-.;.0/.  $2%14"0#2$.<
11 :—-/ 4$2% ."..36$% #1/-$/> 1" #-$ 1 $:% 0=:# "5 =21/$% 2%

-$ 280 #0192 " G NGO/ 02 H8% 280 L/ %0 LM% #2898 <11 "%%@/—:!2 A% 280 " L/ %0 4$2%
26=1248% 4. .$% SBE L 2%0 #01'22$0 /%0 .26 =2808""#% " ==$"%C

DA 9O .:#3 I'#2L:

-$." 36"5 ;124123 28=124%% #-$ 280 #0 112 AA :.;12.#123 % =:/.#$0 1#-$0$6 D /:.3(0 :#

% = /.50 -% . 2."5$ 11=28/01" 121< DIADK Q +<$." ?2DQ8 ."% ? 0."% % = /.40 -.%
=2$/01" 12!< 2D 2Q +<$.M D Q, + 28701 —.0 ;88" /. i 0 4-$ % 11S2$"/S 1 $HASE"
o= /.80 " ENE 290" /% U/ ENT 4+ #$ 0 < N1 .n t380, 1 $2 4% <$.

VSR NI282 28=21% / ;43 U H-$ 0."% 12./# 1" 0 :>83 % $#1 #-$ .4 28 11#-$ 0."%
0.<=:%08 4- /- /1. "% .23"5 .<! "#0 11125/ <. #82.8 "/: %57 ."##3$0 11 %$/1<=10"5
400%8 ;.2>0 "$$%:$08 4/  -$=2308"/$ 12 ;08" /S V11 <#2.:0 /- .0#-0 "#-$.:7 W0 ;00.<=%%
112280 /%0 41 % ;$ $C=8/4$% #1 —. $ . 258 $LIS/# 1" #-$ .34 /.1 2%0 #



41 ;"% % = /. #$OO <1##$% 112280 " ./ %0 +; 14— 4$2$ /:.300 # 0.<=:$0 121< $./$ $2;%:14
. 0—!4., % 11$2%% ;3 Q ."% DBQ 121< #-$ =.28"% 0.<=:% +#M4.: 230" /%08 05" 1/."#3
=11282 =2%/ 0 !"#—."4.0%$<!"0#2.#$% 102 "G ;12,4123 % =: /.4$0

1% =2$/01" 4.0 0-14" * /:.300 # #2 =: /.#$00=:#0 121< #-$ #-.;.0/. $2 %14"0828.< 11
= /AE-#H 280" /%0 2."5"5U 0 KAQ .21 "% #-$ <$." I1D"A 55 -0 "% /.40 #-.# $2212
#2!% /%% ;30.<=$0=:#"54.02%:.# $3:14

SE $2 2819287/ 0.<=$ 0 ;< #% 102 280" /% .".:3080 /1"E. "$% (( 55 14 250
SU 28 (§28=: /.45 7. :3080 114 0 281828"/S < i62 .: 28=124G% #14.: 290" /%0 2.5 "5 1<
B(BE D "558112.". $2.58 11K(K"55+ $$."% $.2¢ 22(,

DAA ™0 #L.2.;:#43 " $0" /%0

-$ 250" /% 2$0 :#0 112 #-$ %0/2$#$ 28, 0.<=:"5 1/ #1M0 L28 =290 L3 $B 0 -$0."%
12,781 280 #0 4825 0>$4%% ;3 . " <;$2 11 $23 - 5- 280 #08 : >$:3 % $ #! #-$ =280$"/$ 11 411%3
< #2.0 "#30.<=90+"HF#-F 1 £%20 " 525 , -$. $2.58 L "0."%w12./#1"0+.::0C
A #170,4.0 ((Q8< /--5-824-.""#-$ . $2.58 L 112/:.300 #12./41"0+D(?Q,

DAD I<=.200"11 $0"™ /%0 ™ ."%."% :.38 # 2./#1"0

P2110C: 1/ #4170 -.% - 5-%2 <§."* /1"/$™ 2. 4170 V14N 290" /%0 ™ 0."% #-." " /:.300 :#
t.38B,  -S<S./IM/ETH2.4 170 4828 (11$/48% ;3 - 5- 1 # 820 "%.#. Ri< #.;.0/.  $2%0

<$201" .>$08 .=# $2 "$.2 U #§ "% $./% $2 %0 .0-14. + 528 2, 1"
=.2.<$2/ L + 2058 .0 1"804.3, "%/.#$% #-.# 280" ./ %0 4$2% 05" 1/." #3 5-$2
=M (, " /300 # #-" T 0."% L# #2988 0480 + $./$ $2 %0 .0-14.8 $./% $2 %0 #
L$2<<: 18 "% #-.;.0/. $2%0 <s$20!" .>$0,8 4-:$2%0" /%0 4$2$ 05" 1/."#3 -5-$2 *
0."%#-."" " /:.300 :# ##-$ /120 0488 #-.;.0/. $2 0 .0> #. 258> -$44106$ 127410
4828 105" 173 % 1US2%" ##-$ =4 $2"6.2 1V #- "% #-.;.0/.  $2%0 =./

/1<<=201" 11280 /%0 /7042 ; #3% ;3#-$0."% ."% /:.300 :# 06$ 12./4 10 0 =2$08""#% ™ .;:$
K $0" /% 0% 2% R21< #UK?  =$2/$"# V14-$ 414 : 0B% <$'# 2$0 /% + 14$
f—#4-% 3080 T LB K08 #-$ <B. /1SR4 - 08 114-$ <$." 00 ——!2#$% 0"/$
/1<=10#"5 11 0.<=$08 #-$ "12<.: =21/%% 2% " 0% <$"# 0.<=:""58 4 =210 /$ . /1"/§"R2.# 1"
U282 #-F <P H-LTH- <P .U, - 0#80 -. UL#-$ <I0B <=I26.H 0.7% /1<<=1M$VE 4828 #-$
=0#28. < 0#%0 + #-.;.0/.  $2 0 0> #  235>+40."%0 =21 %$% K? Q V1#M4.: 280" /% :1.%,8
#=.;.0/.  $2%0 <$201" >0+ AQL " .=# $2"8.2#-% 1 #-+(AKQ, —$.!4$2
0480 "#-$ $./8 $2;.0"+%0 .0-14. "% %0 1281 $2<:1", -%:14820."%:1.%0+'$.2 Q
P1#0#.: 280" /% 0. %,  -$0$#4 1 0#80 - % #-$ 1 ""$0# 0$% <$"#0 11#-$ % 0/284$ 2. 04$0

16



Table 6 Resin Acids at Discrete Area Sampling Sites, October 1994 and May 1995 (results in ng/g)
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Athabasca River u/s Maskuta Creek (Control) October 1989 2 155 ND
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Peace River u/s Notikewin River September 1988 1 303 40.0
October 1994 1 1349 ND
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Athabasca River u/s Maskuta Creek (Control) 3 837 7.5 3 1102 42.4
Athabasca River d/s Emerson Lakes 3 861 13.9 3 1279 34.1
Athabasca River d/s Alpac 3 806 31.4 3 1334 68.7
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113284 /158820 % 0=:.3 52$.#3 % 11$2 "5 #1C/#3  -$ <10# #1C/ /1"'58""$2 0 ASDSKs @

- TI2%$24Y 1/ D #. S #-$ TH2=2%8. 41 1] 280 #08 2" #1U.i#1C/#3%7  :$7/3
1./4#120 + 0 0, —. $ ;3" .005"s% #! K 0 -$0$ 1./#120 23:.4#% #-$ #1C/ 43 11 $./-
/Y<<=1 "% #1 #—_# 11 ABDOKE @ - §4-/-4.0 .005"%% ." @ 11 0"5#% @ 0 #1C/
§7 8" 080+ 90, /. S/ W A-/- L HH Bt 0 <<<.26.41" "% HE200 49
/1<<=201"0 11#1C/ #3 (0411 @ 0 0=2$0$"#% " .;:$ D

3% D et g1t IC/#3 7 $"/3 /#1204 0 0,
2,3,7,8-T4CDD 1 2,3,7,8-T4ACDF 0.1
1,2,3,7,8-P5CDD 0.5 2,3,4,7,8-TACDF 0.5
1,2,3,4,7,8-HfiCDD 0.1 1,2,3,7,8-TACDF 0.05
1,2,3,7,8,9-HfiCDD 0.1 1,2,3,4,7,8-HACDF 0.1
1,2,3,6,7,8-HgCDD 0.1 1,2,3,7,8,9-HeCDF 0.1
1,2,3,4,6,7,8-H7CDD 0.01 1,2,3,6,7,8-HeCDF 0.1
OgCDD 0.001 2,3,4,6,7,8-HACDF 0.1

1,2,3,4,6,7,8-H7CDF 0.01
1,2,3,4,7,8,9-H7CDF 0.01
OgCDF 0.001
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0!<$4-.# :$00 2$=21%/;:$8 ;# "0=%/# " 0-140 #-# #-$ % 11$2"5 90 1!2 #-$ #4! ."..30$0 + AD
=558 ' =55, 4%$2% %2 $" <12$ ;3 % 11$2"5 %SHB/H#!" (<H#HO #." ;3 #-$ .".:3#/.: 280 #0
"3# 150 ">04$2% 0.:3/:$."8 "% 0 22!5.4$ 2%/! $2 $0 2."58% 12!I< K(@ D =$2/$"#

-3 280 #O 11 . /$2#1 8% 12#1%$% #2.. #2C $L$2$"/$ <=$ +.%." 12=12.#!", 2%
=2808"#$% " .;:$ ' -$#.25%# .0 $ 2$=230$"#0 #-$ <!"# 1 $./- "..3H#S .%%$% #! ."# $ O!:
0.<=% -$ 230 :#0 2$=12#$% ;3 ) ".3#/.. 4828 4#- " #$ 2."5$ 11 $C=$/#$% .: $0 +==%$2
% 1482 2(Q #1:$2.1$ 1 <#0, 112 0 K @ .".:3#30 -$0$ #1:.$2."/$ : <#0 4$2$ ../ . #$%
12I< #-$ 2$0 #0 11 "#$2:.;12#123 2! "%@2!; " 0# % $0

38 12841 3% $1$238/$ .<=:$ ".:3# /.. $0 :#0

IC"0 .25%# "3# . 2."0 25%# "3#H .
L:$ $0 :# L.:$ $0 #
+55, 55, +55, +55,

2,3,7,8-T4CDD 500 450 2,3,7,8-TACDF 500 390
1,2,3,7,8-P5CDD 1000 820 1,2,3,7,8-PsCDF 1000 840
1,2,3,4,7,8-H*CDD 1000 800 2,3,4,7,8-P5CDF 1000 840
1,2,3,6,7,8-HfiCDD 1000 830 1,2,3,4,7,8-H?"CDF 1000 1100
1,2,3,7,8,9-HeCDD 1000 760 1,2,3,6,7,8-HfiCDF 1000 1200
1,2,3,4,6,7,8-H7CDD 1000 1200 1,2,3,7,8,9-HeCDF 1000 760
OgCDD 3500 3300 2,3,4,6,7,8-HgCDF 1000 980

1,2,3,4,6,7,8-HTCDF 1500 1700

1,2,3,4,7,8,9-HICDF 1500 1200

OgCDF 2500 2700
D'A "@ #$L.2.;:#3 " 0

230 :#0 " [.3@0 # "% 0."% .2$ =2%$0$"#$% " ;$ ( L2.:#3 4.0 -5%$2 " 0%
12./#1"" 0.<=90 #." " [.3@0# #D !1' 0.<=:"5 0#$0 :3@0 :# 2$0 #0 4$2% <12$ .2.;:$ #."
0."% # #-.;.0l. $2% 0 <$20!" >$0 -$.$2.5% LO +.: 112 0#$0, 4$2%$ DK Q +/':.3@
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K +?2 11 D? 0.<=%08 5 + 2 11D? 0.<=:$0,8 ."% ASDEKS @ * + K 11D? 0.<=:$0,
ASDSKS @ * 4.0 %$HS/4%% " #-2%8% 0.<=:$08 #41 121<  #-_;.0/. $2 %0 <$201" .>$08 "%
I"$R21<4-$ $./$ $2 0 <I>3 2 -$0.<$ $./8 $20.<=$-.%#2./$ /1"/$"#2.41"0
11 SASDSKS @ ( § ."% BABDBKE @ ( 1108 %@ "% #200 ;06# #8% % 1C™0 "% 1 2.0 4$2%
%S HS% <128 1287 $#:3#-_"" <V0# 11#-$ <12$ - 5-:300 ;04# #3% /1""5$"$20 " ;14-2 $2;.0"0

“$ 900+ .;$ B, #STUSKHHL ;$0<:.2 .f .m0#S0 "% " iM- 068 12./41"B 44— O 1 0
/o OBS28h 121< D " =55 -$ 0L :"S00 I OO0 " #8200 4§ /1<=.201" V1#1C / #3 28% /$0 .0
B-$1287 $"/3 11280 #0 ;$:14 WSHS/E 1" 1 <# “/25.0808 4 A- /- =1 "HH-$ OO0 28L:8/k #-$ .01 #$

CS0 VLH-$ UBES/E 1" < # <I2$ -7 #-$3 %1 "HS260 4 % 11$287/S0 25 #-0 O %38 USH$/H 1"
<) .28% 0:5-#3 ;SHASS" U3/ o #/-908 % $#Y %1275 $:0 11 ;./>521 "% N 08 5>
280 #0B S/ —$ SUS/H 11 - 5-$2 USES/H 1T 1 <40 0 2$L$/HS% T 4-$ $$ 4% O 112 #-.;.0/.

$2%0 =/ " .3 22(

/1<=201" 114-80 < P11 . %$#$/48% /158820 112 #-.;.0/. ™% $./$  $2 0480 "% /_#30

0: 5-#3 - 5-$2 NVUUEERENN0 L #-03.0/. $20480 + 5% B, -5 280 :#0 %! "M
“Uh [ 4$ 4 %$0=28.% 0SI <$"¥ /1E.<HTT 120 1§ /-850, 11§ T $H-$2 5.0 .0 US"/S%
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;8B IC/ 7  $HL.: $0."% 1"/$"#2 410

2300 # 2./ 0o 2./
91 X 2 9 X
#$ .#$ " + 55, + 55, + 55, + 55,
L
% & () yE o+ -0/ 1 -213 120 -213 02
% & "4 ) -0'-1'0/ 1 -2/0 1025 21 562
% & + -0'6-'03 6 -233 302-
% & "7 & -0'6-'03 6 -21- 12
65'-/'0/ 1 6230 1325 =21/ 152-
% & 66'6-'03 6 -21- 112.
% & 8 (&9 66'6-'03 6 -25: 323
L
0 7 ( -.'6-'03 6 -211 1621
6--'0/ 1 -213 5323 -213 :20
4) ( -3'6-'03 6 -251 1.2
< & " 4) -3'6-'03 6 -23. 5/2.
< & = > -0'6-'03 6 -251 623
< & Ty > -'6-'03 6 -25 6:2
< & '8 4+ -'6-'03 6 -251 5321

1. Calculated from 17 individual congener I-TEFs. Detection limit results replaced by halfthe detection limit.
2. Sum ofall detected congeners mono- to octa-. Detection limit results replaced by zero.

D" (  $<=12.: 2$"%0 " 0

-$ 230 #0 28 /1<=.28% 4 #- 280 #0121<$.2:$20 2 $30 " .;$ K 1182 'S %$ae/4 1™
T<#H <> # <=100 ;:$#1 /1<=.28 O ."%#- 0#-$/1<<=.2001"0 .2% 25042 /4% #1 #-$ #-28$ <10#
#1C / /1'58"$20 +ASDBKS @ * § BASDSKS @ ( 8 ABDS™8KS & ( 8 -"%#Y ABDSKS @ ¢

= #E ML/ S <=20 $<$ME 7 #30.==28" 404804 #-#-$ $C/S=H 1 11
$./8 82 =0#2%.< !l <I>3  $2  ##-_#0#8 45 /#1;$2 2?77 230 #0 0-148% "'/2$.08%
JU/$UE2.E 10 VL L 1 2 J1UBETE208 /1<=.28% 4 #- 2$0 #0 121< $=H$<;$2 7 <:2

%$52.%. 41" " 0% <$H 7 .:#3 4.0 TH$% U #-$ 280 #0 112 230" /%0 "% =1:3.21<.#/
-3%21/.2; 10



3% K Ik=20"11 $0 #04 #- 2:$2 2$30+:3@ :# 2./#!",

AD8K8 @ D 8K8 @
#$ #$ " M 0
+=5 $ %23, +=5 5 %2Bbb
L
Athabasca River u/s Maskuta Creek (Control) Oct 89(1) <0.2 <0.3
Apr92 (1) <0.1 <0.2
May 95 3 <0.1 <0.2
Athabasca River d/s Emerson Lakes * Nov 88 (2) <2.0 na
Apro2(1) 2 0.5 <0.2
May 95 3 0.18 <0.2
Athabasca River u/s Lesser Slave River * Oct89(1) 1 <0.2 <0.1
Oct 94 1 <0.2 <0.2
Athabasca River u/s Horse River Oct 89(1) 1 NDRO.2 <0.1
Oct 94 1 <0.1 <0.1
Athabasca River u/s Fort McKay * Oct89(1) 1 NDRO.4 <0.1
Oct94 1 <0.1 <0.1
L
Wapiti River nearthe Mouth * Nov 88 (2) 1 <6.0 na
Oct89(1) 1 0.09 <0.04
Oct 94 1 <0.1 <0.1
May 95 3 <0.1 <0.2
Smoky River nearthe Mouth Oct 89(1) 2 0.25 <0.06
Oct 94 1 <0.1 <0.1
Peace River u/s Smoky River Sept 88(1) 1 <0.04 <0.05
Oct 94 1 0.1 0.3
Peace River u/s Notikewin River Sept 88 (1) 1 0.3 NDRO0.07
Oct 94 1 <0.1 <0.1
Peace River d/s Fort Vermilion * Sept 88(1) 2 NDRO.9 <0.07
Oct 94 1 <0.1 <0.1

* Precise sampling reaches varied somewhat between surveys at these locations.
1. Data from Brownlee etal. 1994
2. Data from Trudel 1991. Samples were not partitioned according to size.

AD8'8K8 @
0

+ 5%:] bbb

<0.1
<0.2
<0.2
na
<0.1
<0.2
<0.1
<0.2
<0.1
<0.2
<0.1
<0.1

na
<0.03
<0.2
<0.2
<0.06
<0.1
<0.03
0.2
NDRO0.08
<0.2
<0.06
<0.1

AD8K8 @
tdcdf

+=55 %23,

0.8
<0.1
0.05

7.0

2.0
0.95

1.0

0.3

1.0

0.2

0.6

0.2
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0.8
<0.2
0.16
3.8
<0.2
0.1
0.2
2.7
<0.2
0.6
0.1
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-$:.5 12,4123+ ) "B/, 28=1248% 250 #0112 D <V AV =$UH /12 A% =-$""1: /0 )
L/ 448 "#82=288 4 170 #-8 %4, —. $ ;88" 0 <<.26%% .""% .25 % 0/ 008% .//12% "5 #1 %$52$$ !1
/=128 0 084% #1™ <<<.26%% 230 :#0121< ??707( .2$=2308"%% " .;:$0A ."%A $. $%
3700280 #0 .28 =2808H% T ==$"% C

D( 9 .:#3 I'u2h

$ 12,8123 % =1 /4% .7.:3080 4828 =$2112<$8 . 1" /1300 # 12./4# 170 -$ /181178740 11

2 1T ITH-808 1 $ % = /.45 0$40 2."'58% 121< BQ #! BAQS 44#- . . $2.58 L 11D(Q

1<$4-#:148228=21% / ; :#34.0%0=:.3%% " . ;:"%0.<=$+ $./& $2%0 .0-14.8/:.300:#
RATA-/--%. L 11 K QLRI<# #11#-$=28"10.<=$%

D(A ™0 #L.2.;:43 " 12" 4% -$"1:/0

"00H#HS L2 ;#3127 E% =% /0 40 < T1 L 2%=124%% .'T.:3480, 4.0 -5-$2 T 0. 4"t

/:.300 # A#-28S V11 20.<="5:0/ 4010+ ;% , =% #-.;.0/. $2%0 <$20!" .>$04.0
JUSC/S=# 1T HY 4 0 = 82" +/: 300 # 280 H0 4828 <128 2 .;:$#-."" 0."% 280 0, -$<$." L
1M24-$/:.300 #12. /41" +.:: 0430, 4.0 A KQI#-$<$." L 112#-3$0."% 12./41" 4.0 BKBQ -$
< 5"# WS V1/-12" #%% ==$"1:/ .2 .;:#3 "00#54.00<:.2#1 #-_#11 "% 112 0

.3:$ 0O #SL.2.; 43" Moo Mg -$UL/0 30 # "% MW .3 ?272(

#$ .30 4 2./ %2 /41

" X ".:3#$0R 1311 11 " X '.i3#$0 I$11 11

"5 5, L.2 g1 +55, L.2.#1"
(%) (%)
Athabasca River u/s Maskuta Ck. (Control) 3 0.79 25.3 3 0.64 120.3
Athabasca River below Emerson Lakes 3 43.75 53.8 3 16.93 13.9
Athabasca River below Alpac 3 13.63 25.4 3 10.77 107.6
W apiti River near the Mouth 3 7.32 10.4 3 3.60 28.6

* Sum of concentrations ofall chlorinated phenolic analytes (mean of 3 samples). Results ofless than detection limit have been
replaced with zero.
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- 127 g% =gt /0t

%

%

.30 # 2./41M0

PU/SUH2 4 10 Y1 /=127 4% =-$""1: /0 ™ /:.300 :# $C/S%B% #-10$ " 0."% ;3 1./#120 121< A
#VAB+ 58 2, ##-$11 2%0/284 .28, 0#808 #-$ /:.300 :# 12./4 1" /142 ; #% 121< BKKQ #!
TPQ VIS HL /12 % =8 /%D T T < 030 <$''#

8?2 =R S$TE /00 1R #1M12I<

#$

Athabasca R. u/s Maskuta Creek (Con
Athabasca River d/s Emerson Lakes
Athabasca River d/s Alpac

W apiti River near the Mouth

D™ 1228 # 1" 11 12" 4%

CP Load Clay-Silt/

230 4 2781
Mean 2 Analytes
Percent Mean CP Load Total
Clay-Silt (ng/g) (%)
(n=3)
trol) 632 0.79 68.0
.562 43.75 76.8
.623 13.63 67.7
735 7.32 84.9
-$" /0 "% 25."/

231

Mean
Percent
Sand
(n=3)
.368
438
377
.265

3 #E "% % 2. /108 L3

Mo2./8 1
Z Analytes
Mean

(ng/g)

0.64
16.93
10.77
3.60

22(

CP Load Sand/
CP Load Total
(%)

32.0
23.2
32.3
15.1

POS™1/."4 /1228 41" 4011 "% ;44" 4140 /202" 4% =-$"'1: /0 "% 125"/ /.2; 1" " $#-$2

/:.300 #120."% 12./4 10

D(( ™20 #5 =.#.:

28"%0 " 12t

-4$%

—g"

=$ /027 6% =-$"1:/ 280 #0 .28 0 <<.26%%
0.<=:%0 .2$0-14"52.=-/.23 " 5250 *."% (R

.3 5A -7 -$ /0" 30 #+:3 0

#$

L

Athabasca R u/s Lesser Slave River
Athabasca River d/s Alpac
Athabasca River u/s Horse River
Athabasca River u/s Fort McKay

L

W apiti River near the Mouth
Smoky River near the Mouth
Peace River u/s Smoky River
Peace River d/s Daishowa

Peace River d/s Daishowa (Blind)
Peace River u/s Notikewin River
Peace River d/s Fort Vermilion

! + 4 @& & @

VAR B 1

+Y5 5,

6.88
3.64
4.00
1.90

20.65
5.08
0.44
0.74
1.66
1.49
3.08

++ 4+ & @ +# %

?

Dl

o 0 :

(ng/g)

7.33
11.83
15.98
0.88

13.22
8.60
3.87
15.54
19.05
1.00
10.04

72

1. /0
SS0A " A
- m - -
;o # 1Y, fH1;82 77
O 20 : Z $#2.0 : Z $"#.0
(ng/g) (ng/g)
(ng/g)
4.09 0.67 ND
2.71 2.54 0.07
1.30 0.45 0.09
1.05 0.10 ND
0.56 0.24 0.12
0.15 0.16 ND
0.17 0.12
0.15 ND ND
0.29 ND 0.15
2.20 0.23 ND
11.08 0.60 ND

$0 :#0 112 #-$ /:.300 #

zZ W
0

(ng/g)

18.97

20.79

21.82
3.93

34.79
13.99
4.60
16.43
21.15
4.92
24.80



SPA CR2ASY% -$T/0 " %% 3@ #+3 @ OH##H!", 3?2

Site Fraction n  Z Mono-ClI ZDi-Cl ZTri-a Z Tetra-Cl Z Penta-Cl Z Total CPs
(ng/g) (ng/g) (ng/g) (ng/g) (ng/g) (ng/g)

ATHABASCA RIVER BASIN

u/s Maskuta Creek (Control)) Clay-Silt 3 0.04(0.02)* 0.62 (0.22) 0.08 (0.03) 0.05 (0.05) 0.10 (0.02) 0.79 (0.20)
Sand 3 ND 0.42 (0.46) 0.02 (0.03) 0.19(0.28) 0.02 (0.04) 0.64 (0.77)

Downstream Emerson Lakes Clay-Silt 3 12.38 (5.35) 11.75(6.76) 17.26 (12.24) 2.36 (1.68) 0.09 (0.03) 43.75 (23.53)
Sand 3 6.31(1.42) 4.32(1.19) 5.37(1.01) 0.93(0.18) 0.02 (0.03) 16.93 (2.35)

Downstream Alpac Clay-Silt 3 2.22(0.21) 7.26 (3.58) 2.96 (0.22) 1.19(0.37) ND 13.63 (3.46)
sand 3 1.08(0.67) 6.30 (8.54) 2.30(1.91) 1.10(0.89) ND 10.77(11.59)

PEACE RIVER BASIN

Wapiti River near the Mouth Clay-Silt 3 4.07(1.57) 2.53(0.97) 0.27(0.15) 0.45(0.13) 0.08 (0.07) 7.32 (0.76)
Sand 3 2.08(1.27) 0.89 (0.47) 0.42 (0.64) 0.22 (0.04) 0.11(0.12) 3.60 (1.03)

" 80 #0 28#-$0<! M$"H2A1"0 112 1 "i3H50 "$./- @O0 ;0###!" B2l =
$0 #0 " =.2$"#-$0 0 .2$ #-$ 0#."%.2% %$ #!"

52% ' I#: -2 #8% -$"1:/0 " 3@ #

52% ( .. -:12"#%% -$"1:/0 " 3@ #

#-.;.0/. $2 [# 27" "% .3 ?7( $./$ $2 /# ??° "% .3 ?2(

May 95Emerson LSR  Alpac Alpac Horse McKay
(n-3) May95 Oct94 Oct94 May950ct94 Oct94

(n-3) (n-3) (m-3) Oct94 Oct94 Oct9%4

-$ #5000 $2 N"#21: O#$ -% #H.: [F12"#$% =-$"1:/0 M "55 -$ - 5-$0#
NI #2#1"0 " #-$ #-.,.0/. O# %3 2$./- 4$2% # #-$ 0 #$ % 0 <$20!" .>$08 4 #- . '"/$"#2.# "

Oct 94

11'D K( "5 5 +##.: [-12"#3$% =-$": /0 " [.3@0 #,8 2$1:$/#"5 "=#0 12I< #-$ $:%4!11% = =

HOHY O VISH2A10 # #$ 0#$0 12I< #-$ $00$2 . $2 #! 12# [ 22.3 2$<."$%

2%:.# $3 0##/ "$.2 A "55 14$2 N"[$"#2.#1"0 4$2$ 11"% # #-$ 0#$ O 12# /.3 +D?D

"55 #l#.:, +52% ', I'EH2#1"0 11 #1127 #5% =-$":/0 # #-$ #-.,0/. $2 %O
= 432% 01<$4-# 1482 % 2"5 #-$ ##$2 02$3 + /#;$2 ?2?* A K? "55 "% .3 ?22(*
DBD "5 5,

D(



PU0E8 % 08 "% #2 6/-:02 "% /1<<=1 %0 482$ .o 4$:025=2808""#8% .# #-$ #-.;.0/. $2 0430

#-_;.0/. $2 %0 <201 >80 0%% <$''# -.% . =28=1"%$2.""/$ VI #20/-:12"" 4% /1<<=1 ""08

4- % #-$ 14-$2 0.<=:"5 :1/_#1"0 #5"%%% #! ;$ 01<$4-.# -5-82 ™ <I"If "% %0/-:12" .#$%
/1<<=1 %0

-$ $./% $2 ;.0 =% 0<<:.2 /V"/$"H2.4 0170 V1 /2027 48% =-$"1: /0 #1 #-108 11 "% " #-$
#=.5.0/0  $844-/1/$R2.4170 11D K? "S55 4., "#-$:1482 =4 $2+ /#1582 2?78
S /1SR A0 8.2 A 55 %4088, < TEC/S=#1" 4048 $./$  $2 0 >4
$284-/--%:1482 /1/$"H2. 4170+ 2A TS5 #H., -$ ==$2 $./$  $2%I$0 14 ==$.2 #!
#2.U0182 /=027 4% =-$" 1 /0 #1 #-$ :14$2 ;.08 .0 /1/$TH2.401M0 T #-$ $./$ 82 0 <I>3
$2482$2%:.# $3:14+"B "55#4.:,

-$ =% $20#5 -.% 05" 1/."#3 1482 /1"/$"#2 #4170 11 /=212 4% =-$"1: /0 " .3 ?22(
tKDA "S5 # 1 #-."" - % ;88" 11 "% #-$=28 1 0 /#1;824D" K? "55#M.:, -$280 #0112 ; 14~
/=127 8% =-$"1: /0 "% 280" ./ %0 0 55$0# . .0=$/# 110$.01".:#3 112 #-$0$ /1"#.<™."# 521 =0
<I2$05"1/."##-." 05$"$2.::3 .00 <%

$./$  $2 0.<=:"5 0430 +4 #- #-$ $C/$=# 1" V11 4-$ $./3  $2 %0 12 L$2<:!", 4$2%
=28l UUE T <<IMIE T % 0/-:12 7 H8% /<<= "% -$ $./% $2 %0 124 L$2<:1" 4.0
=28%0<<UH TH20 % % 07212 % /<=1 %0

-$ #5000 "% $./% $20 -.% 0<<:.2 =28pI<<™."/$ ™ /=112 4% =-$"1/ /1<=1 %0

28T << " <IUNE/-IN2 7 6% /1<<=1 %0 /0 %$% BO/-:12Y Lttt Ut TO/-:121=-$"1: 2%
72027 8% /1<<=1 %0 "/: %$% D8"@% /-:121/ #$/-1:8 A8™ AB(@% /-:121=-$"1:8 (8B@ /-:121 _*" '
AB@ /-:121=-8"1:8 "% "8(@% /-:121/.48/-1: DB 8(@#2 /-:1215 . _/V:8 DBT8(@#2 /-:121/ #8/-18 "%
D8"8(0#2 /-:121=-$""1: 482 #-$ =28NV<<"."% #20/-:12"" 4% /1<<=1 "%0  DB"8(8B@#2 /-:121/.4#8/-1:
4 .0#-$ <10# 1287 $'#:3 %PHS/4$% #$42.0/-:12 " _#$% /1<=1 "%
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D(B $<=12_: 28"%0 ' -:12".#%% -$"1:/0

e TIR< T T H<=12. 828700 /. ;8 5. S ;3 /1<=201" 4 4- 280 #0 118.2:$2 0 2 $308
% $#1 < /- -5-82UBHS/H 1" . <H0A- /- 4328 25="1268% 112#-10$0 2 $30+ .;:$AA,  -$ %$se/H 1"
D<#0 =21 %$% ;3#-00# %3B " #-$2."5% 11 55 112 <I0# /1<<=1 008 =21 %$ . F2$.: " <;$26
/U8R AT 088 %4 8L 0§ 082 51 # 28 428"%0

LS AA I<<= 200 0T 12 %% =%/ S0 #0 T 30 #4#- .2:%2 2 $30

#$ 4% " B@ "8(0% /-:121/ _4$/-1: D8"§(@#2 /-:1215 . /1:
VA V1 B +"5 5 %23 4% 5-4, +"5 5 %23 4% 5-4,
+'"'5 5 %23 4% 5-4,
L

u/s Maskuta Creek (Control) Oct 89 <18.5 <3.2 <2.6
Apr 92 <13.3 2.3 <4.9
May 95 3 <0.19 <0.11 <0.03

upstream Lesser Slave River Oct 89 1 <44.4 <7.7 <5.2
Oct 94 1 6.4 15 0.79

upstream Horse River Oct 89 1 <22.2 <7.7 <5.2
Oct 94 1 3.2 <0.78 0.34

upstream FortMcKay Oct 89 1 <27.8 <4.8 <3.8
Oct 94 1 1.7 <0.17 0.43

L

W apiti River near Mouth Oct 89 1 <12.8 <5.0 <3.3
Oct 94 1 19.0 NDRO.52 0.17
May 95 3 3.3 <0.08 0.08

Smoky River near Mouth Oct 89 1 Trace 28.5 <4.3 <3.6
Oct 94 1 4.9 NDR 0.47 <0.09

Peace River u/s Smoky River Sept 88 1 <66.7 <11.5 <6.7
Oct 94 1 <0.22 <0.38 <0.06

Peace River u/sNotikewin R. Sept 88 1 <47.6 <8.2 <6.9
Oct 94 1 1.4 <1.3 0.47

Peace River d/sFt. Vermilion Sept 88 1 <37.0 <6.4 <4.6
Oct 94 1 2.8 <1.3 7.0

* Data for 1988,1989, and 1992 from Brownlee etal. 1994



DB

"<$2 11 %% #!IM: NMHE<""H# 3080 4$2% ['<=$#$% " #-$ ;I#H#I< 0$% <$"#HO /1:$/#$%
%2"5 H1;$2 ??7° -$0$ ."..30$0 "/ %$% =!:3/-:12 " #$% ; =-$"3:0 + 0, +/!"5$"$2@0=$/1/
08 /1=".2 08 ."% .2!/120,8 $CH2./#.;:$ 125."/ -.:15$"08 #!C.=-$"$8 ."% #!#.: <$2/23
-$ .".:3# /.0 280 #0 .23 =2$0$"#$% " ==$"% C

DB I:3/-:12"#%$% =-$"3:0+ O,

13/-:12"#%% ;=-$"3:0 + 0O, /I<=20%$ . 52!= 11 A? /"5$"$20 4 #- .23"5 %$52$$0 !1
[-127$ O;0###!" 1" . ;=$"3:2"5 -$34$2% 0$% " ."<$2 11 $:$/#H2 /.. "% <$/-." /..
S=UA0 " "%, HH#S <%@ ? 08 4-$" #-$2 <=12# "% 0% 4.0 ;."$% % $ #! [1"/$2"

1$2 =100 ;:$ :I"S #$2< $11$/#0 11 #-30$ #!C /8 ; ./ <:# $8 "% -5-:3 =$20 0#$"# /!<=!"%0
==2IC<#$:3'8 #™$0!1 0432% <=12#$% "#! "%0. =2 12# #$," 1# 0<#$2.8

"Q 28<."0 "IN "HI% 112 "% <.3;$ % 0=$20$% #-2! 5- #-$ $" 2I"<$"# + 112$ "% .>$28

27

0 4$2% =21% /$% /!<<$2/ .::3 .0 /!<=:$C < C# 2%0 11 /-:12 " #$% ; =-$"3:08 4 #- % 11$2$"# 0$0
2857 2"5 % 11$2%"# =$2/$"#.5$0 11 /-:12"$ " #-$ 112<:#1"0 2!/12 4.0 I"$ 11 #-$ <E!I2 #2.%$
"<$0 112 0 -$120##4! "<$20 1!:14 "5 #-$ #2.%3$ ".<$ 2$: #S #! #-$ <1:'$/ 1.2 #3=$ + AN
12" #$% ;=-$"3:,8 "% #-$ [H#HHS2 #4! #] #-$ =$2/$"# [-12"$ " #-$ <C#2$ -$-582#%
=$2/$"# [-:12"$ " #-$ <CH2$8 #-$ -5-$2 #-$ =$2/$"#.5% 11 #-$ <12$ =$20 0#$"# ."% #!C | =$"#.@8
-$C.@8 "% -$=#.@0 ;0# # #3% /"5$"$20 + 12$ "% ..=>$28 2?7, +.;:$ AD,

04# ="20#2#2% 25 >"14" [:$/# $3 .0 /=2 0 -$0% .2$ #$ <I0# #!IC/!1
#3$  N1"5$"$208 "% J#;115/:3 " F @:>3G<"$2 @ 00<:2# #!10$ 0%% "
.00$00 "5 #IC/#3 -.$ ;$$" =2!=10$% 112 #$0$ /'<=!"%0 +.1$ 7??A, -$ #2$$
N=:".2 '"5$"$20 2$=12#3$% -$2% "/:%$ KK +D8DG8'8[@0 ;0###!"8 @ N ,8 AB
+D8DG8'8'G8(@0 ;0###!"8 @ N (,8."% B?+D8DG8'8'G8[ G@O;0###!"8 @ N ,

S $AD 132" #$% =-$"3:0 " .3@ #8 [#;$2 ??'

#$ #$ 21/:12 21/:12 21/:12 KK AB B?
AA A( AB 55 55 55
"55 "55 "55
L

u/s Lesser Slave River 09/10/94 0.61 0.94 2.5 18 <0.4 <0.6

d/s Alpac 10/10/94 1.4 1.4 0.47 1.7 <0.26 <0.33

u/s Horse River 11/10/94 0.65 1.9 <0.34 1.6 <1.0 <0.88

u/s Fort McKay 11/10/94 0.90 2.8 0.63 2.2 <0.72 <0.78

L

W apiti River near the Mouth 08/10/94 1.2 2.1 0.4 17 <0.23 <0.33

Smoky River near the Mouth 04/10/94 0.94 1.9 0.13 15 <0.4 <0.6

Peace River u/s Smoky River 04/10/94 6.6 48. NDRO.49 10. <0.82 <0.68

Peace River d/s Daishowa 05/10/94 1.9 3.8 1.4 4.0 <15 <1.1

Peace River u/s Notikewin River 06/10/94 1.05 2.4 0.24 14 <0.23 <0.34

Peace River d/s Fort Vermilion 07/10/94 1.6 3.2 NDRO.19 2.0 <0.26 <0.33



e 4343 110=4. 428" " 04.0 1% " #-$280 #0 112#-$ #-.;.0/. $2 =4
#28"%0 482% .==.28"% " #-$ $./$  $2112 21/:12 ATAR 21/7:12 ACTE % KK -$2$0 #0
"% /.48 =100 ;:$ or 270, 1" #-$ ==$%2 §$./% $8 .0 $ %$"/$% ;3 #-$ $$ .#%
/1/TRATT0 A48 8./ $2 0 <I>3 $2 -$#4) <I12§-5-3#1C/ /1=."2 0+ AB
% B?, 4828 U %SES/HS% T $#-$24-8 $./$12 #-.;.0/.  $20

-$ U2 < 1230-4_#82 0$% <$'# 7 .:#3 .00800<<$™# . $ 112 M4 0.26D" "55+¢ , =%
AKKA "55+ , t /103088 1U0$2 1T 28/H12.48  ?7(, 1"/$H2.4 10 " 08% <$'# # 4-$

$./8  $2 0 <I>3  $2 $C/85%% #-$ H-280-1% SLI$/#0 :$ $:, % 25 /#1;$2 2?78 "%
< 5-##-$281128 ;$ $C=8/4$% #1 /. 0$ 1//.01"".: 028: . #5% .% $208 ; 1:15/.: .11$/4#0

DBA C#2./#.;:$ 25."/7 158"+ ),

CH2./%.;:$ 125." /7 —.:158" 0 01<<®# <$0 .".:36%% ! 0$% <$"# 0.<=:$0 #! =21 %$ . 28:..# $:3
"$C=$"0 $0/28$" 5 110.<=:$0 112#M#.: - 1580 =2 12#1 "# #"5 ."".:3080 11#-$ <12$ $C=$"0 $
/1E<TUTEB21 =00 LI LS ) WBHS/H 1T I <#0 .28 5%7$2.:3#11 -5-112 0§ 1M .<; $%
2 $208% <$''H0 -04.0#-$7.03% 2"5#-00# %38 ."% .::  /#1;$2 277 0$% <$''#0 4$2% ;$:14 #-$
B %SH/E 1T <#11 (1 554%234%5-4,

DBD IC.=-$"%

IC.=-$"% 0 . /1<=3C <C# 2§ 11 /212" 4% /.<=-$"$0 ."% ;1<."$ %$2 .# $0 0$% .0 ."
"08/4 7 %S +.% Tt 10- $2.% /.41 =2152.<0, 11:14 5 #-¢ ;. 1v 0 1 #1C.=-%"$ "

% - 0588 SN 0/ 7 AR Y% S#Y /192 285.2% 5 =$20 048" /$ % #IC /43 1<<$ 08 11
#FIC.=-$"8 ™ #-$ #-20 4122% /1™ $08 "% # 2<<_"0 .™ 00 $ " .".%.8 0"/$ 15 2."5$
H<10=-$2 / #2."0=12# 11#1C.=-$"$ .0 ;$"" %S<<1"'0#2.#%% + ? K,

IC.=-$"$ 4.0 " 14 %Si8/48% ™ /4#1;$2 2?7 0B% <$"'#0 .# %$s$/# 1" - <#0 2."'5"5 121< #1 K
"5 5(
DB* MW.:. $2/ 23

V. <$2/ 234.0 .".:36%% 1" ;- /:.300 # "% 0.""% 12./# 10 V1#-$ /#1;82 277 0$% <$"#0 !
%BES/# 110 A$2$ 28=1268% .4 " 3/ NS/ I <# 11 55

D?



DK L

114548 .3 ?22( ; MI< 0%% <$"#0 2 $3p#- $%$/0 1"4.0 < %$#!1 0$#-$280" ./ % 2%0 #0
#1 0$:$/# 0.<=:$0 1121 24-$2 ."".:3080 -$A 280" ./% .".:3080 121<< $./- % 0/284$ .2$. 0 4$ 4$2%
28 $4%% + /:.300:# "% 0."%,8 "% 0.<=:$0 -. "5 #-$ -5-8 :148 "% < . #4280 /%
/1/ERANT0R2I< $./-=24/$ 068 /:.00 4$2$ 0$:$/48% #1  "'%6$251 _**.:3080 11 § § ."%
/=127 4% =-$"1: /0

-$ %S/ 01" #1085 280" ./ %0 112 0/2$$" "5 4.0 "'l %I"$ 4 #-1 # 29082 _# 1" $0* /%0 .2%
28:$.0%% " = = < Sl $ WS, # <<M0# 28 .00 g 2.:31// 275 -$3 -. $/-$</.:(=-30/.:
/- 2./48204 /0 7 #$ % 11$2$"# 121<#-108 114-$ 14-$2 125."" / " .:3#/.: 521 =0 #4 .0 1$:# #- # #-32%
<5-# ;8 #$ 28: #170- = ;SHASS 290" /% /V/STHR2.A N % /1SR 4 10 114 <128 Ri2 136

SH=21=158" /38 /. 521 =0 14% $28 =S %S/ 01" 4.0 <.%% ;.08% =1"#41 1./#120 204
#-2%$ 114- $0 <=:"5 0#30 482% " 25./-%0 ;$:14 ;:$./-(>2.1 < :0 #-$ WH-$2 4.0 4-$ /1"#2):,
4.0 .00 <®% #-.#280" /% /V/$H2_ 4170 R/VTHL<THSUG 617780 < 5-# /122%:.48 284 $:3 4%
4= W-82 /1< -5 08/1"% 1./#12 4.0 #-$ 28:.# $3 :14 =2/$ 112 280" /% .'".:30$08
/1<=2%%h 4 #- <10# 14-$2 .""_:34/.: 521 =0

5280 HO V1< H=$ /1R <UUUH 3080 1 -3 0$:8/48% 0.<=:$0 .25 =2808""#% T . ;A"

SAT 80 0T Pttt 30808 072848 28 #%0

#$ 5-$0#A $0" /%0 $% ."A  $0" /%0 14806 A $0™ /%0
0,30 % .30 % 0,30 "0
#-.;.0/. $2 0 0> #. > 0?(@p g2 e B2 (oA B2 (6" (8 @2 (K
A $0" /%0+"55, 192 2540 118 387 61.7 76.4
A +"5 5, 906 1431 824 1308 782 567
A +=5 5, 46.3 16.4 31.7 8.4 40.2 4.0
A =:121=-§"1:0+"5 5, 1.01 0.42 0.62 1.49 0.73 0.00
#-.;.0/. $2%0 <$201 _.>%0 B?a( §?(6D (" B2 (0K @28 8?2 (6?
A $0" /%0 +"55, 2807 23641 1887 746 1173 125
+"5 5, 990 1739 754 1224 839 872
+=5 5, 86.1 24.0 17.1 23.5 74.3 17.3
A =:121=-§"1:0+"5 5, 65.57 17.81 18.82 18.71 46.87 14.26
B-.5.0/.  $2%0 :=./ §2(8( 82 (6K 82 (6A 82(8 828 i
A $0" /%0+"55, 327 1130 268 460 154 1.6
Y +"5 5, 1098 1200 645 2311 676 493
A +=55, 39.7 18.6 21.9 68.8 44.3 8.6
Y -:121=-%"1:0+"5 5, 17.53 7.47 12.41 23.66 10.95 1.19
=4 $278.24-$ 1 4- 200" B206" 8282 32(iB 82 (K B2 (0
Y $0" /%0+"55, 429 1193 292 615 205 125
A +"5 5, 3617 11737 3985 7778 3096 4400
A +=55, 22.8 8.2 33.3 12.1 17.3 3.3
A =:121=-3"1:0+"5 5, 7.56 4.47 7.93 2.46 6.47 3.88

Sample labels are shown in bold.
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$23 4%$.>

SIS A( $.20" 1228 # 1" 1$11/$"#08 $0" /%0 $20$0 #-$2 I"#.<""# 21 =0

$.20!" 122%:.# 1" 1$11/$"#0 +4 #-) $0" / %O,

#$ ) ) ) 12" #$%

-$"1: /0
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#-.;.0/. $2.;1$ .0>#. 2%$3$> ?? K '? ?K K( @ D
#-.;.0/. $2 .;'$ <$20!" >%$0 B? ?A AD ( 'B D(
#-.;.0/. $2:%:'4 =/ KA A @ D? ' B
'K ?7? AA (A BA DD
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ES/# $ *
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;8. /-0>2.1# 28./-%0 Future bottom sediment surveys of the Athabasca River basin should locate
sampling sites in the reach below Whitecourt and on the Lesser Slave River.
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Based upon the results, which indicated significant contaminant concentration in the sandfraction,
and to reduce handling ofsamplesprior to analysis, it is recommended thatfuture bottom sediment
surveys include analyses o funpartitioned wet sediments.
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Particle Size and Carbon
October 1994
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Particle Size and Carbon
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Particle Size and Carbon

May 1995
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May 1995
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Resin Acids, October 1994
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Resin Acids, May 1995

Results in ng/g
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#1:$2 2?7

=#

<I>3

$./$

$./$

$./$

$./$

#-.:.0/.

#-.:.0/.

#-.:.0/.

#-.:.0/.

#$

$2"$.2#-$ | #-

$2"$.2#-$ | #-

$2.1$ <1>3  $2

$2:$:14 .0-14.

$2.:1$ #>4" $2

$2:$:14 12#1.$2< 1 1"

$2.;!'$ $00%2 :. & $2

$2:%$:14 =/

$2.;1$ 1208 $2

$2"$.2 12# /.3

WRM-F1
WRM-F1
WRM-C1
SRM-F1
SRM-C1
PRS-F1
PRS-C1
PRS-C1
RRD-F1
RRD-C1
PRN-F1
PRN-C1
PRV-F1
PRV-C1
ARL-F1
ARL-C1
ARA-F2
ARA-C2
ARH-F1
ARH-C1
ARM-F1
ARM-CI

2.4

Clay-Silt
Clay-Silt
Sand
Clay-Silt
Sand
Clay-Sih
Sand
Sand
Clay-Sih
Sand
Clay-Silt
Sand
Clay-Sih
Sand
Clay-Sih
Sand
Clay-Sih
Sand
Clay-Sih
Sand
Clay-Sih
Sand

#$

08/10/94
08/10/94
08/10/94
04/10/94
04/10/94
04/10/94
04/10/94
04/10/94
05/10/94
05/10/94
06/10/94
06/10/94
07/10/94
07/10/94
09/10/94
09/10/94
10/10/94
10/10/94
11/10/94
11/10/94
11/10/94
11/10/94

9513-02
9513-02B
9513-10
9513-03
9513-11
9513-08
9513-17A
9513-17B
2898-07
2898-14
9513-01
9513-09
9513-04
9513-12
9513-05
9513-13
2898-17
9513-14
9513-07
9513-16
9513-06
9513-15

552.<
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
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LA

Peace River
below Diashowa
(cont.)

Peace River
above
Notikewin
River

Peace River
below Fort
Vermilion

Athabasca River
above Lesser
Slave River

Athabasca River
below Alpac

<=$

.:%:0
RRD-8
RRD-9

RRD-10

PRN 1,2,3

PRV 1,23

ARL 1,2,3

ARA 1,23

45 <$

Oct 5/94 1220

Oct 5/94 1240

Oct 5/94 1300

Oct 6/94 1030

Oct 6/94 1100

Oct 6/94 1130

Oct 6/94 1200

Oct 7/94 1000

Oct 7/94 1030

Oct 7/94 1100

Oct 7/94 1130

Oct 9/94 1000

Oct 9/94 1030

Oct 9/94 1100

Oct 9/94 1130

Oct 10/94 1100

Oct 10/94 1130

Oct 10/94 1200

Oct 10/94 1230

HE %S

56 26 38

56 25 51

56 25 32

57 16 58

57 16 56

57 16 10

57 16 56

58 24 59

58 25 21

58 24 40

58 24 20

55 09 09

55 08 49

55 08 48

55 09 13

54 58 50

54 58 47

54 58 14

54 58 13

"5 4 %$

117 07 06

117 08 02

117 08 28

117 05 42

117 05 38

117 03 43

117 05 20

115 57 50

115 57 52

115 57 35

115 56 21

114 03 35

114 03 41

114 03 26

114 03 26

112 43 08

112 43 16

112 44 13

112 45 33

1430

Sandy silt or silty sand. Island right
side. 7.3 km below diffuser.

Large depositional beach, right side.
6.6 km below diffuser.

Large zone of fines, right side. 5.4
km below diffuser.

Large zone in lee ofisland, fines
with some organic. 2.2 km above
Notikewin River left side, 3 ekman
Across shallow bay from 1, very fine.
2.6 km above Notikewin River left
side. 2 ekman.

Small zone of fine material, 4.0 km
above Notikewin River right side. 3
ekman

Same general depositional area as
1,2. Located 3 km above Notikewin
River left side. 2 ekman.

Large silt flats on upstream edge of
island. 3 ekman. 3 km below town
of Ft Vermilion.

Large mud flats left side approx. 4.5
km. below Ft. Vermilion. 3 ekman.
Head of second island. Large flats,
though sandier than 1,2. 1ekman
Soft deposits opposite airport on
right side approximately 4 km below
Ft. Vermilion. 3 ekman.

Area of fines approx. 0.8 km above
RR bridge, left side. 3 ekman

Left side near lower end of large
island. Fine sediment. 2 ekman.
1.7 km above RR bridge.

Right side near lower end of large
island. Small zone of fines. 2
ekman. 1.6 km above RR bridge.
Right side 1.0 km above RR bridge.
Silt over sand, some clay at surface.
Loose soft silt. Very small
depositional area. Located 12 km
below diffuser right side. 3 ekman
Soft silt with some organic matter.
12 km below diffuser left side. 3
ekman.

Small zone ofsilt. Located approx
11 km. below diffuser right side. 2
ekman.

Large depositional zone but quite
sandy. In lee of small island group.
Approx 10 km below diffuser left
side. 2 ekman.



I#1"

Athabasca River
above Horse R.

Athabasca River
near Fort
McKay

<=:$
;$:0
ARH 1,2,3

ARM 1,2,3

#$ <$

Oct 11/94 1200

Oct 11/94 1230

Oct 11/94 1300

Oct 11/94 1330

Oct 11/94 0930

Oct 11/94 1000

Oct 11/94 1030

Oct 11/94 1100

HH# %S

56 43 04

56 42 35

56 42 01

56 42 23

57 08 05

57 08 40

57 09 02

57 08 49

"5 # %$

111 24 12

111 20 20

111 26 20

111 26 30

111 36 42

111 37 13

111 37 09

111 36 29

1#$0

Directly across river from WRP boat
ramp. Right side, small zone of
fines. 0.2 km above Horse R. 3
ekman.

Small zone of soft silt. Right side
directly adjacent to Ft. McMurray
GC. 2.5 km above Horse R. 3
ekman.

Very small zone in small bay. Right
side approx. 4 km. above Horse R. 2
ekman

Small zone 0.5 km upstream of 2.
3.0 km above Horse R. left side. 2
ekman.

0.5 km below bridge left side. Small
zone of sandy silt. 3 ekman

Small zone of fine material. Approx
1km below bridge left side. 2
ekman

Large area of fine material at lower
end of Alexander Island. 3 ekman.
Approx 2 km below bridge

Right side in lee of small island
upstream of Alexander Is. Approx
1.3 km below bridge. 2 ekman.






/.41

Peace River
below Fort
Vermilion

Athabasca River
below Alberta
Pacific

<=3
.:$:0
FVv-95-1

FV-95-2
FV-95-3

FV-95-4
FV-95-5

FV-95-6

FV-95-7
FV-95-8
FV-95-9
FV-95-10

ALP-95-1

ALP-95-2

ALP-95-3
ALP-95-4

ALP-95-5
ALP-95-6

ALP-95-7
ALP-95-8
ALP-95-9
ALP-95-10

#$

May

May
May

May
May

May

May
May
May
May

May

May

May
May

May
May

May
May
May
May

<$

11/95 0945

11/95
11/95

11/95
11/95

11/95

11/95
11/95
11/95
11/95

12/95

12/95

12/95
12/95

12/95
12/95

12/95
12/95
12/95
12/95

1000
1020

1040
1055

1115

1140
1150
1210
1220

1300

1320

1345
1400

1430
1530

1550
1610
1630
1645

HE %S

58 24 57

58 25 18
58 25 25

58 25 30
58 25 22

58 26 07

58 24 41
58 24 41
58 24 23
58 24 20

54 57 41

54 57 36

54 57 37
54 57 45

54 58 19
54 58 11

54 58 12
54 58 41
54 58 46
54 58 38

"5 4# %$

115 57 49

115 57 53
115 57 53

115 57 32
11557 31

115 57 44

115 57 36
115 57 36
115 57 47
115 56 33

112 49 45

112 50 31

112 50 48
112 50 27

112 48 25
112 45 33

112 44 14
112 43 08
112 43 22
112 43 30

1430

Large bar above island. Fairly
sandy. As 1 October.

Sandy flats as 2 October. Sandy silt.
Just north of2. Sandy silt. 50
meters north.

In lee of bar, soft deposition.
Upstream of 4, inlet behind sand bar.
Soft deposition.

Left side 1 km below 2,3. Soft
deposition.

As per 3in October, soft deposits.
Just south of 7 in lagoon.

Right channel, soft sediments

Near 4 October, soft sediments, large
zone.

Soft sediments. 100 meters above
Poachers Landing. Right side.
Some coarse material.

Right side about 400 meters above
Poachers Landing. Small bay
behind bar.

Right side 250 meters above 2.
Center stream right side of island.
Small zone. Coarse.

Small zone left side. Relatively fine.
As in 4 October. Justin lee of
island.

As in 3 October.

As in 1 October.

As in 2 October.

Small zone left side.












