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4 MANAGEMENT PERSPECTIVE 

Tributaries are important sources of sediments and sediment associated contaminants to Lake 
Winnipeg. One of the main tributaries and sediment contributors to Lake Winnipeg is the 
Red River. South Tobacco Creek is one of the first-order tributaries of the Red River. 

Erosion of agricultural soils and streambank erosion in South Tobacco Creek watershed is a 

serious problem, and the main concem of the South Tobacco Creek Project, a joint project of 

Environment Canada, Agriculture Canada and Prairie Farm Rehabilitation Administration 

(PFRA). One of the issues addressed by the South Tobacco Creek Project deals with 
effectiveness of small dams and land management practices in controlling, erosion problems 

along the Pembina Escarpment. Evaluation of the effectiveness of remedial measures, 

however, requires identification of sediment sources and assessment of their relative 
importance. 

The purpose of the study was to develop criteria that could be used to determine sediment 
sources in thewatershed. The current report presents results of soil/sediment survey 
conducted in support of the South Tobacco Creek Project. The geochemical characteristics of 
source material presented in this report can be related to those of fluvial suspended sediments 
and a simple mixing model can be used to evaluate the relative importance of sediment 
SO UICCS.



SOMMA-IRE A UINTENTIQN DE LA DIRECTION 

Les affluents constituent une source importante de sédiments’ et de contaminants associés aux 

sédiments se déversantdans le lac Winnipeg. U_n des afflufllts majeurs du lac Winnipeg-,'e,t un 
des principaux points d'origine des sédiments du lac, est la riviére Rouge. Le ruisseau South 

Tobacco est un des affluents de primier ordre cette riviere. 

L'ér0si0n des sols agricoles et des berges du bassin versant du ruisseau South Tobacco est un 

probleme sérieux qui se retrouve au coeur du projet du ruisseau South Tobacco, réalisé 

conjointement» par Agriculture Canada et l.'Adminis,tration du rétablissement agricole des, Prairies 

(ARAP). Le projet Se penchera notamment sur Pefficacité des petits barrages et des techniques 

deg gestion des terres cjomme moyens d'enraye_r l'érosion le long de .l'escarpement de Pembina; 

Toutefois, avant d'étudier l'efficacité des mesures de redressement, il est nécessaire de repérer les 

sources de sédiments et d"en determiner Pimportance relative. 

L'étude a pour objectif de mettre au point des criteres servant a repérer les sourca de sédim_ents_ 
dans le bassin versant. Le rapport actuel contient les résultats *d'études sur le sol et les sédiments 

qui appuient le projet du ruisseau South Tobacco. Les caractéristiques géochimiques des 

échantillons présentées dans le présent rapport peuvent étre liées a celles de sédiments de type 

fluviatiles en suspension; un simple modele de brassage, servirait a évaluer Pimportance relative 

des, sources de sédiments. - 

» ‘ n
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ABSTRACT 

Geochemical characteristics of the source material were investigated in order to develop 

criteria for identification and quantification of sediment sources in South Tobacco Creek 

watershed. South Tobacco Creek is a tributary of the Red River, which is a major non-point 

source contributor of sediment and nutrient loads to Lake Winnipeg. Erosion of agricultural 

soils and streambank erosion results in increased sediment and nutrient loads in the South 

Tobacco Creek, and subsequently in the Red River, thus contributing to eutrophication 

problem of the receiving water body, Lake Winnipeg.



RESUME 

Les caractéristiques géochimiques des échantillons ont été étudiées afin de mettre au point des 

critéres permettantde détjerminer l'origine des sediments du bassin versant du ruisseau South 

Tobacco et de les quantifier. Le ruisseau South Tobacco est un affluent de la riviere Rouge, cette 

derniere étant une source non po_nctuel_le majeure de sediments et de nutri_i_nents qui se déversent 

dans le lac Winnipeg. L'érosion des berges et des sols agriooles a entrainéi une augmentation des 

sediments et des nutriments dans le ruisseau South Tobacco, qui aboutissent éventuellement dans 

la riviere Rouge, eta qui contribuent a l'eutrophisation du milieu récepteur, en 1',occu1'-rence, le 

lac Winnipeg. ‘
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-GEOCHEMICAL CHARACTERISTICS OF THE POTENTIAL SOURCE 
MATERIAL CONTRIBUTING TO PARTICULATE PHOSPHORUS LOADS IN 

SOUTH TOBACCO CREEK
L 

EXECUTIVE SUMMARY 

As a component of the South Tobacco Creek Project, the geochemical cha_racteri_stics of the 
source material were investigated by the Aquatic Ecosystem Protection Branch, NWRI. Relating 
the geochemical characteristic of suspended sediments with those of the source material, 
sediment sources and their relative importance can be identified. 

The purpose of this report is to present results of the soil/sediment quality survey conducted in 
1995 in support of the South Tobacco Creek Project. 

1.0 INTRODUCTION 

Concern over the water quality in Lake Winnipeg has risen in recent years. Of particular concern 
is eutrophication of South Basin due to excessive loadings of nutrients. Both, point and nonpoint 
sources contribute to nutrient loadings to the lake. One of the major point source contributors to 

the lake is the city of Wimtipeg. Nutrients from nonpoint sources enter the lake via tributaries, 

hence, tributaries represent aniimportant contribution to the total nutrient loads of Lake 
Winnipeg. One of the major tributaries to Lake Winnipeg is the Red River. Several smaller 

tributaries contribute to sediments and nutrients loads of the Red River. South Tobacco Creek is 
one of the first-order tributaries of the Red River. 

The significance of the suspended sediments in the transport of nutrients, particularly phosphorus 
(P), in aquatic ecosystem has long been recognized. Increased soil erosion due to agricultural 
activities, results in the increased total P loads via tributaries. Likewise, excessive stream bed 
and bank erosion adds to tributary P load.

1



In aquatic ecosystems, the availability of P to biota depends, among other factors, on the 
partitioning of P between the particulate‘ and dissolved fractions. It is P in the dissolved fraction 
which is most readily available for biological utilization. Particulate P, however, also varies in its 

availability. Suflicient evidence exists that some forms of particulate P have limited effect on the 
productivity of aquatic systems (Golterrnan 1976, Peters 1981, Sonzogni et al. 1982), hence the 

need to difierentiate the P forms. Moreover, the P geochemistry and geochemistry in general may 
successfiilly be used to discernsediments sources, as the geochemical characteristic of transported 

fluvial sediments is largely depended on the geochemical and physical characteristics of the source 

material, and in-stream sedimentological, chemical and biological processes. 

1.1 Study Obj egtiyes 

The objectives of the present study were to determine the geochemical characteristics of the 

source material, which then can be related to the geochemical characteristics of the fluvial 

sediments in order to identify the main sources of sediments in the South Tobacco Creek and . 

assess their relative importance in the tributary phosphorus loads. 

1.2 Study Area 

South Tobacco Creek originates near the village of Deerwood and picks up several smaller 

tributaries, as it drains the 76.4 km’ watershed along the Pembina Escarpment in southern 

Manitoba. The 37 km long creek is a first-order stream which joins with the north aim to form 
Tobacco Creek, a tributary to the Morris River. The Morris River discharges into the Red River 

at Morris, Manitoba. 

The basin, which is characterized by three physiographic units, the Upland Plateau, Escarpment 

and the Lowland Region, is underlain by Cretaceous shales. The surface d_epositfS consist mainly 

of glacial till, derived primarily from shale (Michalyna 1994).

2



The climate in the area is continental, with short cool summers and long cold winters. The mean 
annual precipitation ranges between 487 and 620 mm (Michalyna 1994). 
The soils in the area vary from black Chemozems at the lower elevations to gray and dark gray 
Luvisols (Michalyna 1994). The land use within the watershed is rural and agricultural, with 
about 71% of the cultivated land. T 

2.0 METHODOLOGY V 

Several water samples were analyzed for the total P in water'(dissolved and particulate) and three 
of those were also analyzed for the total dissolved P (TDP). » 

Bed sediments, bank material and soil samples were analyzed for forms of phosphorus, carbon 
and selected metals. In all analyses, sediments with known concentrations of investigated 
parameters were used for quality control assurance. Concentrations of non-apatite inorganic 

phosphorus (NAI-P), "and apatite-P were determined using the sequentialiextraction of Williams et 
al. (1976) and Mayer and Wflliams' (1981). ’ "The method employed sequentially 0.22M Na- 
citrate/0.11 M Na-bicarbonate/ 1.0 g Na-dithionite, 1 N NaOH and 0.5 HCl, Total P (TP) in soils 
was determined by the ignition of samples at 550°C and subsequent 16-h 1 N HCl extraction. 
Organic P was estimated by the difference between the total P and sum of the fi'actions. Selected 

samples were analyzed for the bioavailable P (BAP), using the procedure of Williams et al. 

(1980), employing 0.1 N NaOI-I/1.0 N NaCl extractant. This procedure was found to correlate 
strongly with the BAP estimated by bioassays (Williams et al. 1980; DePinto et al 1981), Total 

and organic carbon were determined with a LECO-12 Carbon Detenninator, using a two 
temperature (5 75°C, l37l°C) dry combustion method. ' 

Concentrations of iron (Fe), alumin_um (Al), manganese (Mn), zinc (Zn) and copper (Cu) in the 
samples were determined by microwave digestion of samples with aqua regia under 125 psi 

pressure , followed by atomic absorption.
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Three suspended sediments samples from South Tobacco Creek were analyzed for the total P 

(TP) and for the P forms. These samples were processed and analyzed in the similar manner as 

the soil samples. 
'

' 

3.0 RESULTS. AND DISCUSSION 

The concentrations of phosphorus in water samples are presented in Table 1. There are 

insufficient data to warrant any meaningful conclusions, however, the few results suggest that 

particulate P (PP) in water samples accounts for nearly half (43%) of the total P in water. A case 
study (Mayer and Delos Reyes 1996) of the P transport in two (southern Ontario rivers, the Grand 

River and its tributary the Nith River, showed that more than half (60 and 54%, respectively) of 

the total fluvial P load was transported in the particulate form. The P loads were largely 
controlled by suspended sediments concentrations in water. . 

The phosphorus concentrations in suspended sediments as di_st_ributed among different fi'actions 

are shown in Table 2. As for the water analysis, there are insuflicient data to warrant any 
meaningful statistical analysis to assess the spatial diiferences in suspended sediments phosphorus 

distribution. .
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Table 1. Phosphorus concentrations in water samples of South Tobaeco Creek 

Sample 
H) 

TP 
fludL 

TTJP 
HudL 

PP 
as% TP 

as 
123 
502 
s9s 

A 904 
3502 
3395 
\VbH<265 
\v3n4o2s 
vvrn<424s 
240 3 

34 
ER 

0.153 
0.110 
0.138 
0.133 
0.135 
0.183 
0.164 
0.164 
0.161 
0.172 
0.088 
0.089 
0.138 

0.048 
0.047 
0.088 

45.9 
47.6 
36.4



Table 2. Phosphorus and carbon fonns in suspended sediments 

Sample ID < 

"‘ nmdkg 

j NAI-P‘ Apatite-P OP 
1n9@g HH#kg 

Total P 
nudks 

TC OC 
% % 

Erosion Site 483 

240 Site 388 
' .349 

275 378 

315 
s 

420 

371 
’ 

340 

136 

1123 

1061 

6,84 2.86 

9.77 3.88 

To assess the importance of the surface soil and stream bank erosion, as well as channel scouring- 

in sediment and particulate P contribution, bank samples, bed sediments and soil samples were 

analyzed for forms of phosphorus, carbon and for a variety of metals. Three operationally defined 

fiactions of particulate P were estimated. In terrestrial soils and benthic sediments, the NAI-P 
fraction includes orthophosphate adsorbed on Fe- and Al-oxides, Fe-and Al-P minerals and Ca-P 

minerals, other than apatite. NAI-P is generally considered to be a measure of maximum 
available particulate P, ‘i.e. P that would be avail_able over a long period of time under aerobic 

conditions in aquatic systems. Apatite-P category includes P bound in crystal lattices of apatite 

grains (Williams et al. 1976). This form of P has been generally considered biologically inert in 

aquatic enviromnents. In the tributary systems, apatite P is largely of detrital origin, i.e. derived 
from erosion of rocks and unconsolidated surface deposits in the watershed. The organic P 
embraces all phosphorus associated with carbon atoms via C-O-P bond or C-P bonds (Williams et 

m.1976y 

Several studies (Walling and Kane 1984, Peart and Walling 1986, Mayer and Delos Reyes 1996) 
have shown that geochemical properties may be used as suitable fingerprinting technique for

6



assessing sediment sources within the drainage basin. Apatite-P, organic P and organic C were 
found to be good diagnostic properties in the study of particulate contarninants-transport in the 

Grand River watershed. The study (Mayer and Delos Reyes 1996) showed that the bank and 
channel samples contained significantly higher apatite-P concentrations than suspended sediments. 

Significant inverse correlation was observed between the apatite-P and organic C concentrations. 
Elevated concentrations of Apatite-P in suspended sediments thus indicated bank and channel 
derived input. Conversely, increased organic C concentrations indicated input of biogenic fluvial 

and watershed material. In addition to P and organic C, Peart and Walling (1986) found Fe, Mn 
and N to be suitable geochemical properties for distinguishing between the surficial and channel 

sources. In the study of suspended sediments at the Grand River - Lake Erie confluence, Mayer 
and Manning (1.989) found that in addition to apatite-P, Al was a good indicator of sediment 
sources. Al which is bound largely in clay minerals, followed closely the spatial distribution of the 
apatite-P. The properties listed above reflect both "organic and inorganic composition of the 

source material which are indicative of its chemical and mineralogical nature. 

The distribution of phosphorus among various fractions, as well as carbon concentrations are 

presented in Appendix 1. Summary statistics of the phosphorus and carbon data can be found in 

Table 3. As seen from the values of the standard deviations (Table 3), the spread of data 
around the mean values of ‘phosphorus concentrations is substantial, Grouping the data by 
regions (Appendix 2) shows only marginal differences in the distribution of P among different 
categories between the sampled zones. The metal concentrations are shown in Appendix 3 and 
the summary statistics are presented in Table 4. Selected samples were analyzed for the BAP and 
the results of these analyses are summarized in Table 5. The data (Table 5) show that the BAP 
comprises a larger portion of the NAI-P (64% on average) in the samples from the Erosion Plot 
than in samples from the other two investigated sites, where this form of P accounts on average 
for only 39% of the NAI-P. Several studies (Williams et al. 1980, Mayer 1985) on sedimentary 
materials found that the BAP estimated by this procedure comprises ~70% of the NPAI-P. 
Although the samples fiom 240 Site, Valley Wall had high NAI-P and organic P concentrations, 
only a small part of it appears to be bioavailable. -

'
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Table 3 Phosphorus and carbon summary statistics 

Huflkg Hudkg 
WHOLE DATA SET NAI =P Apatite P“ Org. P Total P Total C 

lnudks % 
()rg.c:

% 

Mean (Whole Data Set) 
Standard Error 

Standard Devlatlon 

Maxlmum 

Confidence Level(0 950) 
Coefficlent ofVar1at1on (%) 

240 
1 3 

22 1

0 
1 30 
848. 

58 
848 
94 
26 
54 

468 
30 

537
0 

293 
1270 

10 
1270 

-94 

59 
63 

150 
15 

144
0 

146 
788

0 
725 
94 
29 
97 

854 
33 
887

0 
330 
1966 
303 
1966 
94 
67 
39 

3.32 
017 
3.04 
(100 
164 
8.53 
0.68 
8.53 
94 

0.33 
50 

195 
012 
173 
(100 
1.19 
641 
028 
641 
94 

0.24 
61 

Table 4 Metals summary stat1st1cs 

WHOLE DATA SET Al. 

(unis) 

Fe 
(m9%) 

Mn 
(H849 

Mean (Whole Data Set) 
Standard Error 

Standard Dev1at1on 

Max1mum 

Confidence Level(0 950) 
Coefliment of Vanatlon (%) 

27.09 
1.07 

26.47 
NA 

10.41 
56.29 
7.7.2 

64,02 
94 

2.10 
38 

26.29 
0.6.0 

25.25 
21.13 
5..86 

39.96 
14.-95 

54.91 
94 

1.18 

22 

2.54 
0.17 
2.40 
1.00 
1.61 

7.86 
0.04 
7.90 
94 

0.33 
1 63

8 .
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Comparison of chemical characteristics of the source material reveals a strong positive correlation 

(P<0.00l) between Fe, Al and NAI-P and between the organic C and organic P (Table 6). 

Table 6. Correlation between metals, carbon and phosphorus 

Fe 
AlM 
NAI - P 
Apatite 
Org. C 
Org. P 

n=93 

Fe Al Mn Total P NAI- P Apatite P Org. C Org. P

n 
Total P

l 

0.574 
-0.012 
0.129 
0.556 
0.005 
-0.125 
-0.174

1 

-0.067 1 

0.255 0.221 
0.459‘ -0.012 
0,164 -0.336 

0.022 0.127 
-0.139 -0.151

1 

0».-304 

0.784 
0.281 
0.41 l

l 

--0.149 1 » 

0.205 -0.128 1 

0.13 -.0. 104 0.704 l 

This was confirmed by prin_cip'al component analysis (PCA) which is one of the multivariate - 

statistical methods used to resolve the relatively large and noisy datasets. PCA is a data reducti'on 
technique used to identify a small set of variables that accountffor a large proportionlof the total 

variance in the data set. PCA of eight variables were used to determine the key components in 

data. Mathematically, PCA is an eigenvalue analysis of the covariance or correlation matrix. The 

components are eigenvectors of the matrix, which are ranked from the one that explains most 

variance in the dataset (i.e. is associated with the largest eigenvalue) to the least. A good 
correlation (high factor loading) in PCA causes most of the variable to be assigned to a factor, 

providing clues for chemical and physical interpretation. Three significant factors (principal 

components) which explain 82% of the data variance are recognized (Table 7). The first factor, 

or principal component, with high loadings of total and organic carbon and organic P and with a 

variance (eigenvalue) of 2.74, explains 34% of the total variance. The second principal 

component with a variance of 2.21, explaining 28% of the total variance, is mainly Fe, Al and ~

10



NAI-P (Table 7). This represents P adsorbed on Fe and Al-oxides and P associated Fe and A1 
minerals. A third principal component with a variance of 1.60, explaining 20% of the total 
variance contains mainly apatite-P. » 

Table 7. Factor analysis of geochemical properties of source material in South Tobacco Creek 
Watershed (Number of samples = 93) - 

Fgtgr analysis with .8 yagablgs, 3 significgt factors 

Factor Loadings (correlation coefficients) 
Variable F actor 1 Factor 2 Factor 3 

Fe 0.01 -0.55 0.26 
Al -0.09 -0.53 0.11 
NAI-P -0.20 -0.44 - 0.36 
Ap.-P -0.1 l -10.23 -0.72 
Org. P -0.48 0.19 0.08 
TP -0.39 

_ 

-0.28 -0.47 
TC -0.52 0.17 0.06 
Org. C 

g 

-0.54 0.16 0.20 

Variance explained, 82% 34% 28% 20% 

To discem the sources of sediments to South Tobacco Creek it is essential to group the data by 
sources (i.e. bank material, bed sediments with depositional plains, and surficial soils) and 
compare the physical andchemical properties of the potential source material with those of 
suspended sediments. However, simple comparison of physical and chemical properties of source 
material with those of suspended sediments is complicated by selective erosion of organic matter 
and fine traction, which results in enrichment of suspended sediments relative to source material in 
properties controlled by these» two factors (Peart and Walling 1986). Correction for grain size 

and organic content using enrichment factors was proposed and successfully used by Peart and

ll



Walling (1986) to assess the importance of various sediment sources in watershed. An 
altemative approach proposed by the same investigators was to compare property ratios directly. 

In this provenance study, the relative contribution of source material can be assessed using a 

simple mixing model (Peart and Walling 1986): 

P,-P, 
C, = --- >< 100 

Ps—Pb 

where C, = Contribution from surface soil sources. (%) 
P, = Value of selected property for suspended sediment 

P, = Value of selected property for surficial soil 

P, = Value of selected property for bank material 

Based on the results of statistical analysis, and information available from the literature, Fe , Al, 
NAI-P , apatite P, organic P and organic C concentrations of surface soils, bank material and 
suspended sediments can be used as property values in the calculation. However, correction of 

the property value for the particle size or organic carbon has to be performed prior to this 

calculation. Unfortunately, in the absence of particle size data, such correction can not be 

accomplished. This limits the scope of the data analysis- Another limitation in data analysis is 

insuflicient data on the suspended sediments composition. In view of the fact that the physical 

and geochemical properties of suspended sediments display distinctive seasonal trends (Ongley et 

al. 1981) more suspended sediment data are needed.
i 

A rough calculation, substituting an organic C/organic P ratios for respective suspended sediment 

bank material and surficial soils properties in the above formula, provides e'stimates~ of 88% and 
>100% contribution from surface sources at the Erosion Site and 240 Site, respectively. 

Conclusions, however, can not be-made on the basis of a single property ratio. Several corrected 

indicator properties have to be used, to provide meaningful estimates. 

12
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One of the properties/reflecting less mineralogy and geochemistry of the source material is 
cesium-137 ('37Cs), which has been used successfully in soil erosion studies (Walling and Bradley 
1988, Walling and Bradley 1989, Walling and Quine 1990, Peart and Walling 1986). There are 
no natural sources of ‘”C's. Its presence in the environment is due to atmospheric testing of 
nuclear weapons or releases from nuclear reactors (Ritchie and Mc Henry 1990). The diiferences 
in ‘37Cs activity reflect the differential receipt of this isotope by the surface soils and bank 
material (Peart and Walling 1986). ‘3’Cs emits a strong Y-ray and its long half-life (30yr) makes 
it relatively easy to measure in the environmental samples- mCs is strongly bound to clay minerals 
and organic particles in soils (Walling and Quine 1990) and is essentially non-exchangeable (Davis 
1963, Lomenick and Tamura 196-5). Evidence from the literature suggests that subsequent 

redistribution of "’7Cs takes place in association with soil particles. These properties make mCs 
unique for erosion/sedimentation studies (Ritchie and Mc Henry 1990). 

Study of Peart and Walling (1986) suggested that of all investigated properties, the most 
convincing estimates were provided by '37Cs. This is largely because of differentiation of mCs 
activity between the surface soils and bank material. Channel banks, being essentially vertical, 
receive relatively little Cs input as compared to field areas. Therefore, the activity levels of bank 
samples are substantially lower than those of the field samples (Peart and Walling 1986 and 
Neufeld 1996, unpublished data). Substituting "7Cs activities forthe respective properties of 
potential sources and suspended sediments in the formula presented ejarlier, the relative 
00nt1'ibUIi0nS of potential sources can be calculated. However, similarly as for the other 
properties, the activity levels have to be corrected for the particle size using an enrichment factor.

13



4.0 CONCLUSIONS AND RECOMMENDATIONS 

The chemical analysis- revealed a large variation in geochemical composition of the source 
material. The statistical analysis suggests that geochemical properties such as Fe, Al, NAI-P, 
apatite-P, organic P and organic C can be used to fingerprint sources of sediments. However, 
correction for the particle size and organic content has to be performed, prior to data 

manipulation, to account for selective erosion of the organic matter and fine fraction. The 
absence of the particle size data and the lack of data on the suspended sediments geochemistry 

somewhat limits the scope of data analysis. Additional data are needed to provide meaningful 

assessment of sediment sources. The tasks required to provide additional information are 
identified in the following section. 

_

- 

. \ 

4.2.RecQ mmendations 

As the assessment of the relative importance of potential sources involves a comparison of their 

geochemical properties with those of suspended sediments, the geochemical properties of 

suspended sediments have to be estimated-. This requires determination of geochemical properties 

of suspended sediments matching those of the source material. Rigorous grouping of samples by 
source has to be done to clearly characterize the source material into the following categories: 
surface soils, bank material and possibly bed sediments. Since the suspended sediment properties 

vary with the seasons and discharge, sampling design must talge this into con_s_ideratio_n_. 

Furthermore, data handling procedures have to take into consideration the particle size and 

organic carbon content of the investigated material to account for selective erosion. The 
following design of sampling principles, data gathering and data handling should be applied»: 

1. In order to provide a good estimate of suspended sediments geochemical characteristic, it 

is recommended to undertake suspended sediments sampling over a range of conditions.

14



I 2. Since one of the most significant factors affecting the geochemical properties of the source 

material and fluvial sediments is grain size, it is of paramount importance to determine this 

parameter on the investigated samples. The measured geochemical properties may then 
be corrected for particle size and organic carbon, and a comparison of geochemical 

properties such as Fe, Al, apatite-P and organic P between the source material and 
suspended sediments can be made.

1 

3. In view of the fact that mCs was found to be the most convincing indicator of the source 
material, ‘37Cs' activity, corrected for particle size enrichment factor, should be used to 

calculate the contribution of surface soils and banks (and possibly bed material) to 

sediment loads in South Tobacco Creek. ~ 

4. Combination of several indicator properties should be used for providing meaningful 
estimates of relative contributions of potential source material to sediment loads in South 
Tobacco Creek.

I 
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Phosphorus and Carbon Datafor South Tobacco Creek Watershed Samples 

Sample ID 4 NAI - P Apatite P’ Org. P Total P Total C Org. C lnorg. C Org C as 
93 93 93 % Tot. 

src-1u 
STC-1L 
src-2u 
STC-2L 
sTc-3u 
STC-3L 
STC~4U 
STC-4L 
STC-5U 
STC-5L 
STC-6U 
STC-6L 
src-7u 
STC-7L 
src-3U 
STC-8L 
370-9u 
STC-9L 
src-10u 
STC-10L 
STC411U 
STC:11L 
src-12u 
STC-12L 

. rsrc-13u 
STC-13L 
src-14u 
STC-14L 
sTc.15u 
STC-15L 
STC-16U 
STC-16L 
src-17u 
STC-17L 
STC-18U 
STC - 18L 
src-19u 
STC-19L 
src-20u 
STC-20L 
STC-21U 
STC-21L 
src-22u 
src - 22L 
STC-23U 
STC-23L 

STC refers to South Tobacco Creek; U & L refer to (upper & lower portions of core; For location refer to STC sample descnpt|on 

744 
793 
649 
608 
734 
787 
797 
670 
826 
636 
655 
128 
326 
15 
10 
126 
76 
139 
132 
851 
760 
715 
825 
743 
788 
333 
799 
41 
21 
273 
178 
524 
412 
470 
549 
650 
943 
725 
739 
736 
585 
651 
686 
664 
662 

("*9/K9) (m9/K9) ("*9/K9) (m9/K9) 
257 331 112 1050 

1096 
1061 
1085 
978 
1126 
1043 
1182 
1060 
1044 
934 
1091 
674 
583 
400 
493 
1010 
‘764 
915 
769 
1102 
1159 
1138, 
1137 
1103 
1094 
1386 
1262 
844 
630 
519 
645 
886 
526 
781 
805 
1064 
1128 
983 
1069 
921 
1010 
1865 
1961 
1156 
1029 

3753 
3901 
3007 
3300 
3031 
3001 
3311 
3743 
4337 
2354 
2193 
2717 
2333 
1520 
1937 
1323 
7379 
4392 
4323 
4337 
4103 
3253 
3314 
2425 
2330 
2459 
2790 
1193 
1433 
2302 
2332 
2233 
1935 
3171 
3033 
4397 
4002 
3757 
4194 
4303 
2353 
3103 
3311 
4333 
3330 
3734 

2309 
1L053 
L461 
1.364 
L606 
1.097 
L458 
2021 
2284 
L451 
L214 
L697 
L785 
0927 
1.373 
1129 
6412 
3355 
3752 
3042 
2514 
1.921 
ZL202 
1 .470 
1.359 
L223 
1.853 
0407 
(L834 
1.881 
1.595 
1.159 
0966 
1.645 
2.503 
1.007 
1.531 
3088 
2.137 
2.185 
1.720 
1.800 
5113 
3920 
5.569 
3221 

L444 
L848 
1.546 
1.936 
L475 
1.904 
1.753 
1.725 
ZLO53 
1.503 
0.984 
1-020 
1.148 
0.593 
0564 
0.197 
1.467 
1.327 
1.071 
1.595 
1.594 
1.337 
L612 
0955 
1.171 
1.236 
0937 
0f786 
(L634 
0.921 
1.237 
1.109 
1.019 
1.526 
3.560 
3690 
23471 
3669 
.2057 
25421 
(L836 
1.303 
1.798 
0749 
ZL961 
3563 

61.5 
526 
486 
41.3 
521 
3615 
454 
540 
52] 
491 
55.2 
625 
609 
6L0 
709 
851 
8L4 
7L7 
778 
656 
6L2 
590 
577 
606 
537 
49] 
604 
341 
508 
671 
563 
5L1 
487 
5L9 
4L3 
2L4 
3&3 
457 
5L0 
474 
673 
500 
740 
840 
653 
415



Phosphorus and Carbon Dam for South Tobacco Creek Watershed Samples 

Sample ID NAI-P Apatite P Org. P To1'a|'P Total C Org.C lnorg.C OrgCas 
STC - 24U 
"STC *- 24L 
STC - 25U 
STC - 25L 
STC -. 26U 
STC - 26L 
STC - 27U 
STC - 27L 
STC 1-‘ 28U 
STC -1 28L 
STC - 2V9U 
STC - 29L 
STC - »30U 
STC - 30L 
sTc-31u 
STC-31L 
sTc-32u 
STC - 32L 
STC -3 33U 
STC - 33L 
STC>- 34U 
STC -* 34L 
STC - _35U 
STC - 35L 
STC - 36U 
STC -3 36L 
STC - 37U 
STC - 37L 
STC - 38L 
STC - 39L 
STC - 40U 
ST C - 40L 
STC =. 41 U 
STC - 41 L 
STC - 42U 
STC - 42L 
STC - 43U 
STC - 43L 
STC - 44U 
STC - 44L 
STC - 45U 
STC - 45L 
STC - 46U 
STC - 46L 
STC - 47U 
STC -1 47L 
STC - 48U 
STC - 48L 

(mg/kg) ,_ (mglkg)... (mg/kg) . % _ . % . _ °/6‘lfot. C 
634 45 920 241 

205 561 
321 615 
264 *757 
259 539 
212 646 
221 791 
229 700 
219 50 
190 55 
261 44 
214 65 
194 212 
129 377 
106 590 
117 645 
317 691 
116 671 
235 457 
236 1270 
325 535 
264 576 
270 264 
197 364 
129 479 
143 474 
.107 657 
62 955 
219 54 
231 51 
103 147 
90 212 
113 129 
107 262 
222 269 
164. ~ 362 
210 164 
136 430 
227 67 
209 74 
252 91 
225 167 
166 96 
99 254 
124 267. 
111 260 
130 123 
56 175 

1 52 
80 

88
1 

10 
193 
1 1 1 

246 
82 
271 
106 
149 
135

4 
165 
461 
490 
296 
363 
149 
49 

235 
141 
362 
327 
147 
166 
62 
64 
102 

320 

31 0 
21 1 

180 
96 
207 
1 17 
102 
243 
158 
69 

938 
1 01 7 
863 
887 
860 
958 
940 
463 
356 
550 
361 
677 
612 
847 
898 
944 
993 
857 
1 966 
1 350 
1 140 
937 
709 
656 
596 
998 
1 1 78 
635 
609 
397 
488 
324 
43.3 
593 
549 
694 
551 
604 
493 
522 
507 
472 
470 
494 
634 
41 1 

303 

2.892 
2.226 
3.616 
2.819 
1.576 
2.137 
3.491 
1.784 
7.880 
2.587 
4.037 
2.015 
4.897 
3.611 
3.072 
3.175 
3.054 
3.870 
3.261 
3.692 
7.069 
3.403 
3.408 
1.929 
0.684 
0.8.50 
1.343 
0.771 
7.050 
5.955 
1.992 
3.209 
0.971 
1.6.35 
3.4.04 
2.616 
3.033 
2.448 
2.945 
2.412 
3.082 
2.003 
1.948 
3.030 
2.896 
3.769 
2.264 
1.116 

1.637 
0.870 
2.249 
1.833 
1.189 
1.212 
2.416 
Q-.944 
3.768 
1.997 
3.151 
1.549 
3.615 
1.582 
1.0.03 
0.656 
0.912 
2-. 545 
2.105 
2.168 
4.687 
2.246 
2.519 
1.640 
0.428 
0.362 
0.994 
0.473 
5.418 
4.828 
1 .028 
1 .800 
0.277 
0.733 
1 .769 
1 .105 
2.381 
0.966 
2.037 
1 .882 
2.074 
1 .150 
1 .777 
1 .894 
1 .598 
1 .739 
1.500 
0.421 

1 .255 
1 .356 
1 .367 
0.986 
0-.387 
0.925 
1 .075 
0.840 
4.1 12 
0.590 
0.886 
0.466 
1 .282 
2.029 
2.069 
2.519 
2.142 
1 .325 
1 .156 
1 .524 
2._382 
1.157 
0.889 
0.289 
0.256 
0.488 
0.349 
0.298 
1 .632 
1 .127 
0.964 
1 .409 
0.694 
0.902 
1 .635‘ 
1 .51 1 

0.652 
1 .482 
0.908 
0.530 
1 .008 
0.853 
0.171 
1.136 
1 .298 
2.030 
0.764 
0.695 

56.6 
39.1 
62.2 
65.0 
75.4 
56.7 
69.2 
52.9 
47.8 
77.2 
78.1 
76.9 
73_.8 
43.8 
32.6 
20.7 
29.9 
65.8 
64.6 
58.7 
66.3 
66.0 
73.9 
85.0 
62.6 
42.6 
74.0 
61.3 
76.9 
81.1 
51.6 
56.1 
28.5 
44.8 
52.0 
42.2 
78.5 
39.5 
69.2 
78.0 
67.3 
57.4 
91.2 
62.5 
55.2 
46.1 
66.3 
37.7 

STC refers to South Tobacco Creek; U & L refer to upper 8. lower portions of core; For location refer to STC sample descnptuon
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APPENDIX 3 

Metals Concentrations in South Tobacco Creek 
Watefshed Samples



Metals Data for South Tobacco Creek Watershed Samples 

Sample 
ID 

Al Fe 
(m9@L ("MD 

Mn Zfl CU 

STC-1U 
STC-1L 
STC-2U 
STC-2L 

. STC-3U 
STC-3L 
STC-4U 
STC-4L 
STC-5U 
STC-5L 
STC-6U 
STC-6L 
STC-7U 
STC-7L 
STC-8U 
STC-8L 
STC-9U 
STC-9L 

" STC-10U 
STC-10L 
STC-11U 
$TC-11L 
STC-12U 
STC-12L 
STC-13U 
STC=13L 
STC-14U 
STC-14L 
STC-15U 
STC-15L 

1 STC-16U 
STC-16L 
STC-17U 
$10 - 11L 
s"rc - 13u 
s1c - 18L 
STC-19U 
STC-19L 
STC-20U 
STC-20L 
STC-21U 
STC-21L 
STC-22U 
STC - 22L 
STC-23U 
STC-23L 

STC refers to South Tobacco Creek; U & L refer to upper & lower portions of-" core; For location refer to STC sample description. 

32.6 
35.5 
31.5 
21.1 
23.1 
29.0 
24.3 
32.0 
64.0 
25.1 
26.1 
36.3 
41.2 
26.4 
35.4 
50.4 
30.9 
31.6 
23.0 
31.5 
30.1 
217-3 
13.1 
33.1 
35.2 
33.0 
29.6 
23.1 
53.5 
61.0 
22.2 
32.0 
9.6 
1.1 
23.0 
30.5 
13.1 
31.2 
2&9 
2&1 
212 
253 
2&5 
32,6 
2&8 
2&2 

22.3 
23.12 
211 
211 
2&3 
211 
220 
215 
290 
211 
244 
273 
35.1 
240 
2&5 
4&5 
248 
257 
253 
2&1 
277 
253 
215 
248 
2&1 
277 
376 
347 
549 
421 
450 
3&6 
25-3 
248 
257 
2&5 
261 
2&1 
232 
2&6 
220 
2&1 
2&1 
323 
257 
253 

259 
258 
2.44 
219 
193 
197 
298 
257 
013 
2.81 
335 
256 
344 
356 
210 
026 
055 
118 
079 
O74 
358 
307 
346 
349 
352 
337 
790 
753 
015 
O04 
059 
ODS 
150 
055 
199 
153 
Q94 
048 
315 
148 
357 
680 
243 
257 
098 
O51 

415 
415 
3&4 
293 
313 
33.4 
354 
354 
394 
354 
2&2 
334 
293 
253 
455 
354 
313 
212 
253 
273 
435 
374 
394 
394 
374 
374 
313 
273 
394 
415 
253 
293 
1&1 H1 
374 
5&6 
597 
577 
374 
556 
31 -.3 
2&3 
556 
597 
597 
637

I

I

I



‘"1 Metals Data for South Tobacco Creek Watershed Samples 

Sample 
ID 

Al Fe 
@919) ("'95) 
27.3 24.8 - src - 24u 

STC - 241. 
STC - zsu 
STC - 251. 
src - zsu 
STC - 2sL 
STC - 21u 

- STC - 271. 
s"rc - zau 
STC - 2a|_ 
STC - zeu 
STC - zen. 
STC - sou 
s1'c - 30L 
s'rc - a1u 
STC - 31L 
STC - s2u 
STC - a2|. 
s'rc - asu 
STC - 331. 
STC - 34u 
STC - s4|_ 
STC - asu 
STC - 351. 
STC - ssu 
STC - 36L 
STC - 31u 
STC - an 
src - 381. 
STC - sou. 
STC - 4ou 
s'rc- - 401. 
STC - 41 u 
src - 41 L 
STC - 42u 
STC - 42:. 
STC - 4su 
src - 43L 
STC - 44u 
STC - 44L 
s'rc - 4su 

4 STC - 45L 
STC - 4su 
STC - 461. 
STC - 47u 
STC - 47L 
STC - 4au 
STC - 48L 

34.2 
26.3 
25.4 
16.7 
24.8 
38.8 
31.5 
16.9 
17.6 
11.2 
11.8 
23.4 
30.7 
35.3 
32.0 
27.4 
47.5 
16.3 
18.2 
25.6 
32.9 
19.2 
22.0 
39.0 
30.9 
42.9 
32.4 
32.3 
31.6 
20.3 
15.5 
20.5 
22.5 
20.9 
21.5 
15.-.4 

19.0 
13.2 
15.6 
16.0 
17.0 
14.3 
13.9 
16.-7 
16.5 
16.7 
16.5 

28.5 
29.4 
29.8 
22.0 
24.2 
26.5 
25.3 
20.3 
21..1 
15.0 
15.0 
28.1 
29.4 
28.1 
28.5 
29.4 
32.7 
20.3 
29.0 
27.7 
29.4 
19.9 
21.5 
28.1 
30.6 
29.8 
29.0 
24.4 
22.0 
24.4 
19.9 
21.1 
21.5 
24.4 
23.2 
23.2 
26.5 
19.9 
2-3.2 
25.3 
23.2 
26.1 
35.1 
22.8 
21.1 
24.4 
28.1 

3.77 
5.74 
5.34 
3.92 
3.91 
4.13 
4.26 
1.82 
1.77 
1.79 
1.23 
2.61 
2.13 
3.08 
14.89 
3.54 
1.37 
2.28 
3.21 
1.96 
2.20 
2.95 
3.59 
2.85 
4.94 
2.08 
1.62 
5.56 
4.83 
1.41 
1.32 
4.59 
3.18 
3.04 
2.56 
1.39 
1.00 
1.49 
2.03 
1.65 
1.47 
3.25 
3.38 
0.92 
1.00 
1.12 
olso 

Mn Zn Cu 
@919) um) (ml!) 
4-.26 - 146 33.4 

141 41 5 
29.3 
33-.4 
27.3 
29.3 
33.4 
29.3 
11.1 
11.1 
9.1 
9.1 
41.5 
49.6 
37.4 
39.4 
33.4 
53.6 
17.2 
15.1 
13.1 
13.1 
1.0 
1.0 
21.2 
17.2 
29.3 
33.4 
19.2 
17.2 
15.1 
13.1 
13.1 
13.1 
21 .12 
21.2 
13.1 
13.1 
13.1 
17.2 
23.2 
17.2 
15.1 
15.1 
13.1 
11.1 
13.1 
11.1 

STC refers to South Tobacco Creek; U & L refer to upper & lower portions of core; For location refer to STC sample descnptlon



APPENDIX 4 

Sample Sites Descriptionv



| 2

3 

I
4

5 

I 1 

I 9 

I 10 

I 
12 

13 
‘ 14 

I 15 

u 18

| 

Date Time 

I 1 

South Tobacco Creek Sample Description 

I Note: any reference in this table to “lefi” or “right” locations are referenced as locations looking 

I 
upstream-._ 

Location Description 

1 June 20 

June 20 

June 20 

June 20 

June 20 

6 June 20 

June 20 

8 June 20 

June 20 

June 21 

11 June 21 

June 21 

June 21 

June 21 

June 21 

16 June 21 

17 June 21 

June 21 

19 June 21 

June 21 
I 

20 

21 June 21 

U 
22 June 21 

23 June 21 

24 June 21 

June 21 

26 June 21 

Sample # Taken CDT 
1000 

1150 

1230 

1300 

1330 

1500 

1520 

1550 

1630 

1100 

1200 

1215 

1225 

1235 

1245 

1250 

1305 

1730 

1750 

1755 

1810 

1825 

1940 

2000 

2010 

2020 

Creek Outlet Sm upstream ofroad, Wooded Area on right hand side 
Creek Outlet 5m upstream of road, Bank on right hand side 
Creek Outlet Sm upstream of road, Stream Bed 
Creek Outlet Sm upstream of road, Bank on left hand side

_ 

Creek Outlet Sm upstream of road, Wooded Area on left hand side A

- 

Erosion Plot 50m downstream of Kenny Sampler, Bank on right hand side 
Erosion Plot 50m downstream of Kenny Sampler, Stream Bed 
Erosion Plot 50 m downstream of Kenny Sampler, Bank on left hand side 
Erosion Plot 50m downstream of Kenny Sampler, Intersection of Wooded 
Area and Field ’ 

Erosion Plot 50m downstream of Kenny Sampler, Field on left hand side 

Erosion Plot at Kenny Sampler, Field on right hand side 

Erosion Plot at Kenny Sampler, Grassed Area formed by deposition,righ_t side 

Erosion Plot at Kenny Sampler, Depositional Bed Area, right side 
Erosion Plot at Kenny Sampler, Stream Bed 
Erosion Plot at Kenny Sampler, Bank on lefi hand side 
Erosion Plot at Kenny Sampler, Shale Area overlooking runofl' route to 
stream above lefi hand bank 1

“ 

Erosion Plot at Kenny Sampler, Contributing Field above lefi hand bank 
240 Site 200m dovmstream of road, Grassed Area at foot of contributing hill 

240 Site 200m dovmstream ofroad, Slumped Bank on lefi side,outside curve 
240 Site 200m downstream of road, Stream Bed material 
240 Site 200m downstream-of road, Grassed Floodplain on right side 
240 Site 200m downstream of road, Valley Wall on right side 
South Arm 20m upstream of gauging station, Valley Wall on right side 

South Arm 20m upstream of gauging station, Deposition Bar on right side 
South Arm 20m upstream of gauging station, Bed Material 
South Arm 20m upstream of gauging station, Bank on left side



‘tut 

June 21 

June 22 

June 22 

June 22 

June 22 

June 22 

June 22 

June 22 

June 22 

June 22 
June 22 

June 22 

June 22 

June 22 

Junie 22 

June 22 

June 22 

June 22 

June 22 

June 23 

June 23 

June 23 

V2030 

1000 

1020 

1050 

1 100 

ll l_5 

1.1-20 

1130 

1320 

1325 

1330 

1340 

1340 

1450 

1455 

1500 

1510 

1530 

1545 

0930 

0950 

1100 

South Arm 20m upstream of "gauging station, Wooded Area on leli side 
Pristine Loc_8ti0n, Hillside in lower reaches of pristine location 

Pristine Location, Valley Floor in lower reaches of pristine location 

North Ann 75m above confluence, Grassed Area on right side 
North Arm 75m above confluence, Bank on right side 
North Arm 75m above confluence, Stream Bed 
North Arm 75m above confluence, Floodplain on lefi side 

4 

L 

i

_ 

North Arm 75m above confluence, Grassed Area on lefi side 
Huttetite Valley, Bank on left side 

A I-Iutterite Valley, Stream Bed 
’Hutterite Valley, Depositional area on right side 

Hutterite Valley, Bank on right side 
Hutterite Valley, Wooded Area above right bank 

Stepplers Dam,'Field on lefi side 

Stepplers Dam, Blank on left side 
Stepplers Dam, Dam bottom 
Stepplers Dam, Bank on right side 
Stepplers Dam, Field on right side 
Twin watershed, Field sample composite above both weirs 

Hutterite Land, Field 150m from intersection of ‘Hwy 240 
Stepplers Land, Field sample 150m west of Hwy 240 
G. Orchard Land, sample at corner of Hwy 23 and G, Orchard’s road
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