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ABSTRACI 

The centralization of the Water Quality Branch (WQB) 

laboratories involves longer time periods between sample collection 

and saflple analysis. It was therefore essential that the sample 

preservation techniques currently in use be thoroughly evaluated and 

modified where required, if the data generated by the consolidated 

laboratory are to be reliable. 

This report describes the results of the first phase of the 

preservation studies. It deals with a total of 16 physical and 

inorganic parameters, Sixteen regional, spiked and synthetic waters 

were investigated over a four—month period. It was found that most 

parameters investigated are stable when stored in plastic containers 

in the dark at 4°C.



I 0' 

RESUME _ 

En raison de la centralisation des laboratoires de la Direction de 
. » ' 

la qualité des eaux (DQE), on a dfi espacer le prélévement et l'analyse des 

échantillons. I1 a donc fallu évaluer de facon exhaustive les techniques de 

conservation des échantillons en vigueur et 1es_modifier au besoin pour que les 

données produites par le laboratoire centralisé soient fiablesi 

Le présent rapport décrit les résultats de la premiere étape des 

études portant sur les techniques de conservation des échantillons. Au total, 

11 y 3 16 paramétres physiques et inorganiques en cause. On a analysé 16 

échantillons d'eau prélevés en régions, additionnés de certains produits 

chimiques sur une période de 4 mois. On a constaté que la plupart des parametres 

analysés demeuraient stables lorsque les échantillons étaient emmagasinés 3 

1'obscurité dans des contenants de plastique, 5 4° C.



EXECUTIVE SUHHARY 

Due to the centralization of the Water Quality Laboratory, 

the time between sample collection and “sample 'ana1ysis willy be 

longer. It is therefore essential that the sample preservation 

techniques currently in use be thoroughly evaluated and modified where 

required, if the data generated by the consolidated laboratory are to 

be reliable. - 

This report describes the results of the first phase of the 

preservation studies. In this study, the preservation of 16 major 

ions and physical parameters in 16 synthetic and regional waters were 

investigated over a four—month period. It was found that most of the 

parameters are stable when stored in the dark‘ at 4°C in plastic 

containers, ' 

This study provides, for the first time, concrete data to 

demonstrate the validity of this preservation procedure in different 

regional waters. The results will enhance the confidence of the data 

generated by the WQNL for a variety of samples using the described 

preservation conditions.



SOMMAIRE Exéctrrlr 

En raison de la centralisation des laboratoires de lagfiirection de 

la qualité des eaux, il faut espacer 1e prélevement et-1'ana1yse des échantillons. 

I1 faut donc évaluer de facon exhaustive les techniques'de conservation des 

échantillons en vigueur et les modifier au besoin pour que les données 

produites par le laboratoire centralisé soient fiables. 

Le présent rapport décrit les résultats de la premiere étape des études 

portant sur les techniques de conservation des échantillons. Dans 1e cadre de
I 1'etude, on a analysé la conservation de 16 principaux ions et paramétres 

physiques dans 16 échantillons d'eau artificielle prélevés en régions sur une 

période de 4 mois. On a constaté que la plupart des paramétres demeuraient stables 

lorsque les échantillons étaient emmagasinés 3 1'obscurité 3 4° C, dans des 

contenants de plastique. 

Grace 5 l'étude, on posséde pour la preniére fois des données concrétes 

qui permettent de prouver la validité des méthodes de conservation dans des 

échantillons d'eau de diverses régions. Les résultats indiqueront si l'on peut 

se fier aux données produites par le LNQE en analysant divers échantillons 
d'eau au moyen des techniques de conservation décrites. “

-

s



TABLE OF CONTENTS 

Page
» 

LIST OF TABLES
> 

LIST OF FIGURES _ 

ABSTRACT 

INTRODUCTION 1 

STUDY DESIGN 2 

EXPERIMENTAL 4 

Containers 4 

Waters and Preparation of Test Samples 4 

Analytical Schedule and Data Handling 4 

RESULTS AND DISCUSSION 5 

Criteria for stability 5 

Physical Parameters 6 

Major Ions and Miscellaneous 9 

CONCLUSIONS AND RECOMENDATIONS 14 

ACKNOWLEDGEMENTS 15 

REFERENCES 16 

Tables 1-22 20 

Figures 1-12 ' 47 

Appendix — List of Tables on Raw Data 59 

Tables A1-A12 60<101



_ 1 _ 

IRTRODUCT ION 

Due to laboratory consolidation, test samples will have to 

be sent from the various regions across Canada to the Water Quality 

National Laboratory (WQNL) Burlington, for analysis. In order for the 

analyses to be umaningful, the sample integrity must be maintained. 

For this, Water Quality Branch/Headquarters has requested NWRI' to 

carry out a thorough evaluation of preservation procedures to ensure 

stability of all parameters. 

The objective of the task was to evaluate and improve, where 

necessary, the existing preservation practices for all parameters for 

which. the National Laboratory conducts analyses. These parameters 

include trace metals, major ions, nutrients, physical parameters and 

organiclconstituents. 

This report describes the first phase of the preservation 

studies; namely, the evaluation of preservation procedures for 16 

major ions and physical parameters: pH, colour, specific conductance, 

turbidity, Na, K, Ca, Mg, Hardness, SO“, Cl, alkalinity, Silica, N03 

and N02, B and F. 

The most common procedure to preserve these parameters in 

water samples is iby storage of the samples in the dark at 4°C. 

However, there are insufficient data to substantiate this procedure 

for periods of time longer than two weeks and for waters frmm all 

regions in Canada. a
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A 
After reviewing numerous data including interlaboratory data 

from previous quality control. studies and an brief literature 

survey1'26, we have grouped the major ions, nutrients and physical
, 

parameters into three groups as follows: 

Group I - those parameters which have a considerable amount of 

supporting data to suggest that they are stable at 4°C, 

Group II — those parameters which have some data indicating they 

might be stable at 4°C, 

Group III - those parameters which have little or no data or known 

to be unstable at 4°C. 

Table 1 lists the three groups of parameters. ihis study is 

the first phase of the studies on preservation and deals with major 

ions and physical parameters (Group I). The next phase deals with 

nutrients and residue in Group II, and the miscellaneous parameters 

(Group III) will be reported later. 

STUDY DESIGN 

To achieve the objective in this phase, we investigated 16 

different waters — two different waters from each region plus some 

spiked and synthetic waters. Each of the waters was analysed for 16 

different parameters for many different monitoring periods over a 

15-week span. Furthermore, six replicate analyses of each parameter 

were carried out per water and monitoring period. A
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The total storage time was chosen to be 15 weeks which we 

believed would amply cover the time taken from sampling to data 

generation. The initial starting time, time "0" was defined as the 

time when all the waters were subsampled into test bottles. 

As the regional waters did not arrive at the same time, and 

some arrived very late, the true time "0" could not be established. 

To establish the true time "0", the moment the samples are collected 

in the field, would require analysis in the field and the frequent 

monitoring of the samples until received in the laboratory. Resource 

limitations prevent us from doing this. Furthermore, just the 

subsampling alone took several days before the analysis could begin. 

Specifically, we subsampled 16 waters into 2000 test bottles which we 

then divided into five different sets — one set for physical 

parameters, one for major ions, one for contract analyses and two 

spare sets; the subsampling took five days to complete. 

Although there is a concern that there could be some 

degradation for some parameters during the first few days after 

sampling, there is no concrete data or literature precedence to 

support this. Personal communication with WQB, Western Region, 

indicated there was no degradation for alkalinity and Ca on the first 

several days after sample collection. Furthermore, in the second 

stage of our study, to study the possibility of degradation during the 

first few days using Hamilton Bay water as a mndel, the preliminary 

data of several key major ions indicate that there is no degradation 

from the actual sample collection time to the end of the test period 

of two weeks.
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EXPERIMENTAL 

Containers ' 

Polyethylene containers of size 250 mL, 500 mL, 50 L, 100 L, 

and larger ones were chromerge cleaned, rinsed and soaked with 

deionized distilled water for at least several days before use27. 

Waters and l’.r¢1>a.1iat;i.9.n of '1ies.t_..S.amp1.es 

Table 2 lists the 16 water types used in this study. There 

were a minimum of two different waters from each of the five regions 

in addition to some spiked and synthetic ones. 

Each water was well homogenized by closed circuit mixingza 

then directly transferred into test bottles. There were over 2000 

test samples prepared. The test samples were separated into five 

different sets of bottles as mentioned earlier, and each set in turn 

was grouped into batches which were labelled as week "0", "3", "6", 

"9", "15" and spares. All the batches were stored at 4°C until 

required for analysis. 

Analytical Schedule and Data Handling 

The monitoring was set to start at week O, then at week 3, 

6, 9, 12 and l5. This schedule applied simultaneously to in-house,
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contract and WQNL analyses. For comparison purposes, we carried out 

two contract studies on major ions, one at week 0 and one at week 15. 

More studies might have been'desirable, but there'were insufficient 

funds. 

The raw analytical data were compiled onto a predesigned 

table form (Table 3), water by water and for the various storage 

intervals. The uman and standard deviation for each parameter were 

then calculated and recorded onto another predesigned tabular form 

(Table 4), where n indicates the number of observations. In a few 

cases, n was less than six (the designed number of replicates) because 

some suspect observations were determined to be outliers (by Grubbs 

procedures29 or by past experience) and therefore were not included in 

the calculations. In the case of apparent colour measurement, 

triplicate analyses were found to be sufficient. 

l_lESUL'l'_S A111) DISCUSSIOII 

Gr.i!;e_r_i_a Let. ,St_ab_i_1_it1 

The following is the working criteria. 

For a particular parameter in all the waters studied, if 95% 

of the data are randomly within 10% of the week "0" mean values, the 

parameter is considered stable.

4

4
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Some remarks on the criteria are necessary. 

(a) For exceptionally good data, 95% or more are within SZ of week 
"0" means. - ' ' 

(b) For very low levels, the 10% limit is in general too restrictive; 

a limit of 20% would be more realistic. 

(c) If there is a general trend of decrease or increase —— i.e. not a 

random fluctuation —— the IOZ limit could be a significant 

indication of instability. 

PhZ._8.i<;a1.,Parameters 

Table 5 summarizes the data of all physical parameters 

studied. The results are presented as the average plus or minus the 

standard deviation for each storage period and each parameter. The 

table allows the examination of the stability behaviour of each water 
for all parameters simultaneously, from week O to week 15. 

Tables 6=9 present the summarised results of pH (Table 6), 

colour (Table 7), specific conductance (Table 8) and turbidity (Table 

9) in 16 different waters for a period of 15 weeks. Note that the 

Sumas River water arrived last (after the study had already started). 

In order to synchronize this with the rest of the waters, its 

subsamples were included in the already prepared batch 3, up to 

batch 15. '
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The behaviour of pH for each water can be easily traced from 

week 0 to week 15, and can be readily compa-red to that of other waters 

(Table 6), The overall results indicate no significant change in pH 

with time. In fact, the data more than satisfy the stability criteria 

as 10075 of the data are well within 10% limit of week "0" values. 
l 

Table 7 summarizes colour measurements. By nature of the 

method, visual apparent colour determinations are more susceptible to 

variations when measuring colour greater than 100 H.U. The 

measurement for Sand Pond water (no. 3), is a good illustration. 

However, indications are that there is no obvious change in water 

colours with time. ' 

The specific conductance measurements are shown in Table 8. 

Comparing week 0 and week 3, the results decrease for all waters. 

However, an examination of the conductance-contributing major ions 

data of week 0 and week 3 (Tables 11-17) does not support an overall 

decrease of specific conductance with time. Further examination of 

Table 8 and Figure 1 reveals that the results for weeks 3, 6, 9 and 12 

are unchanged in general, yet the week 15 results increase in 

general. Again, a close look at Tables 11-17 does not indicate any 

definite increases for week 15. Furthermore, most of the percent 

differences between week 0 and week 3, and between week 15 and week 12 

are only 52 or less. Finally, the calculations indicate that 982 of 

II II the points (Fig. 1_) are within only 7.52 (not IOZ) of week 0 means
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and thereby fulfill well the stability criteria. Therefore, we 

conclude that there is no significant change in specific conductance. 

Table 9 summarizes the turbidity measurements. There is
> 

generally good within—run precision. However, the between-run 

variation is rather large, as seen in Figure 2. (Note the necessity 

to divide the ordinate into three scales —— 0 to 0.9, 2 to 12, and 12 

to 29 JTU in order to include every water in one figure. Similar 

divisions of ordinates-are done in other figures.) The fluctuation in 

the turbidity‘ measurement can be attributed to the rather crude 

homogenization step used in the analysis. “ 

The general tendency seems to indicate a decrease in 

turbidity with time. For example, of the 16 waters used, 13 produce 

positive difference between week 0 and week 15 means, suggesting a 

decrease, whereas only three waters (nos. 4, 2 and ll) have negative 

difference (Fig. Z). 

The observed large fluctuations and the decrease with time 

raise a serious question as to the validity of turbidity data 

routinely generated. The scientists of the Monitoring and Agreements 

Division, WQB, Ontario Region (personal communications) confirm that 

they use turbidity data as rough indicators for more important 

parameters such as phosphorus. They also perform on-site analyses 

whenever possible, or in—lab analyses as soon as possible after sample 

collection to avoid long-term storage.
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lajor Ions and Hiscellaeous Parameters 

Table 10 presents all of the major ion data. As in the case 

of physical parameters, the results are presented as the average plus 

or minus standard deviation for each ion and each monitoring period. 

The parameter by parameter sumaries are shown in Tables ll to 21. 

The sodiu measurements are summarized in Table ll and 

shown graphically in Figure 3. From the figure, it can be clearly 

seen that the overall behaviour indicates stability throughout. These 

data are exceptionally good as 962 of them are within 5% of week "0" 

means, and 100% are within 10% limit. (As indicated earlier, water 

no. 9, Sumas River, arrived late and hence could not be monitored up 

to 15 weeks; for this water, the change looks large, but the week 9 

average is only 5.42 less than the original average). 

Table 12 summarizes potassium data. The means of 

observations for each period and each water are plotted in Figure 4. 

Except for a few large between—run fluctuations, such as in water no. 

7 (Qu'Appelle River at week 9) or in water no. 1 (Pebbleloggitch at 

week 12), most variations between the monitoring periods are small, 

well within a standard deviation, which indicates stability 

throughout. In fact, 95% of the data are randomly within 5% of week 
"0" means, an indication of exceptional stability and good data. 

The calcimm measurements are summarized in Table 13 and 

illustrated in Figure 5. The concentration levels range from <1 to 

110 ppm, and the ordinate of the figure had to be made discontinuous
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to accommodate all waters. The general behaviour of Figure S lends 

itself to discussion in terms of three concentration levels of Ca -- 

high (>50), medium (>1 and <50), and low level (<1 ppm). For high 

level, the fluctuations seem large at weeks 6 and 9. A closer look 

reveals that only water no. 7 at week 6 differs by nearly 102 from 

week 0 value, while for the rest of the waters the difference is <52. 

Overall, the data suggest that Calcium is stable at high levels. 
i 

At medium levels, all fluctuations are small (Fig. 5), less 

than 5% from the week 0 averages for ten different waters, which 

indicates exceptional stability. 

At low levels < l ppm Figure 5 indicates significant 

decrease between week O and week 3, but no significant change between 

any of the following monitoring periods from week 3 to week 15 for all 

three waters. The question is why this decrease, particularly when 

there is no change at medium and high levels and even at low levels 

between week 3 and week 15. We note that these low level waters are 

highly coloured. It might be that they behave differently from other 

waters. But even so, all the points are within 202 of week "0" means, 

which, by virtue of remark (b) on stabi1ity' criteria, would be an 

indication of stability for very low levels. Nevertheless, a follow- 

up study on these waters seems desirable. 

The magnesimm measurements are summarized in Table 14 and 

illustrated in Figure 6. For concentrations between l and 17 ppm, all 

the curves show that no significant changes took place, and this is
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supported by the fact that IOOZ of the points are within SZ of week 
"O" means. The 36 ppm level (water no. 7) has some fluctuations but 

they are less than SZ from the original average. ‘At 300 ppm level 

(water no. 9), it is obvious that the week 0 analysis was out of 

control giving only 125 ppm Mg instead of a value near 330 ppm; the 

difference between week 3 and week 9 is only 4.5%. Therefore, we 

conclude that Mg above 1 ppm level remains stable during the whole 

study period. 

iFor very low Mg levels, (0.6 ppm, there seems to be a slight 

decrease between week 0 and week 6. These low level waters are the 

same highly coloured waters that contain low level Ca as discussed 

above. We therefore sugget a follow-up study common to both Ca and 

Mg even though all the points are within 20% of week "O" means. 

:Table 15 presents the summary of total hardness, calculated 

from the Ca and Mg data and expressed as ppm CaC03 using the following 
. 6 equation : 

Total hardness = 2.497 Ca + 4.116 Mg 

Figure 7 illustrates the behaviour of hardness, which resembles that 

of Figure 6 for Mg and Figure S for Ca, so the discussions would not 

be necessary here, except to emphasize the observed stability at 

medium and high levels, and the recomendation to follow-up the low 

level study for all three parameters, using highly coloured waters.
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The SO“ analyshs were made using the colorimetric MTB 

methods. In spite of some erroneous results such as the 16.5 ppm in 

water no. 3 at week 12 (Fig. 8) or the 4 less than 0.2 ppm results for 

water nos. 4, 8, 9 and 10 (Table 16), the overall picture indicates 

SO“ stability during the 15 week study period. The erroneous results 

may well be due to the MTB method which is known to have interference 

problems with organics and coloured materials. A case study of some 
of these waters is suggested, using ion chromatography as the method 

of analysis to eliminate these uncertainties. 

Table l7 summarizes Cl data. The overall behaviour suggests 

C1 stability throughout Ithe investigation period (Fig. 9). The 

fluctuations of results arise mainly from two low level waters (waters 

#3 and 11), which resulted in 6% of data being out of the 10% limit. 

Even then, only 7% of all data are outside this limit, leaving 93% 

inside, which in this case is close enough to 95% required by the 

stability criteria.
; 

The alkalinity data are presented in Table 18. For most 

waters, the alkalinity is > S ppm and the overal data indicate 

stability throughout (Figure 10). This is well supported by the fact 

that 99% of data are within the 102 limit. For waters with alkalinity 

< 5 ppm, the data are very imprecise ad difficult to interpret. 

Reactive silica data are sumarized in Table 19. In spite 

of some erratic points such as in water no. 3 at weeks 12 and 15 

(Fig. 11), the calculation indicates 972 of all data are within the
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10% limit, indicating stability. These erratic points can be 

explained by the very imprecise data as indicated by high standard 

deviations (Tables 19, All and A12).
' 

Table 20 gives the summary of the N03 & N02 measurements. 

There is no visible sign of instability. However, there seems to be a 

slight increase with time. This is particularly true for 

concentrations greater than 0.1 ppm in water nos. 4, 5 and 10 

(Fig. 12). This is attributed to analytical variation because the 

preliminary results of repeat experiments indicate no such trend. 

Furthermore, Morse e_t a_l.3°, in comparing the storage at 2°C with 

freezing and preservation with various chemical additives, found the 

2°C storage in the dark in plastic containers superior to the other 

methods and they recommended its use to preserve N03 and N02. Their 

recommendation is essentially the same as our use of 4°C in the dark 

in plastic containers. We therefore conclude that there was stability 

of N03 and N02 at level > 0.1 ppm. (At low levels, < 0.06 ppm, the 

results are very imprecise, making it difficult to draw a definite 

conclusion at this time.) 

Table 21 summarizes all the F and B data obtained from two 

contract studies. Due to insufficient funding for contract analysis, 

only week O and week 15 were investigated. The data seem to indicate 

F stability. As there are only very few data, a fol1ow—up study is 

suggested. "
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The contract data for B do not make sense at all (Table 

2l).o Fortunately, this parameter is not routinely analysed by Water 

Quality laboratories. Z (At 'the time when this 'study took place, 

in—house instruments were not available to analyse F and B). The 

contract analyses of other major ions at week "0" and week 15 are 

comparable to in—house data. 

CONCLUSIONS AID IECOMEHDAIIOHS 

This study has demonstrated the effectiveness of storage in 

plastic containers in the dark at 4°C for the following parameters: 

pH, colour, specific conductance, Na, K, Ca, Mg, hardness, S0“, Cl, 

alkalinity, silica, N03 & N02, and F.
' 

Turbidity is the only parameter that needs further 

examination on methodology before another study for sample stability 

is initiated. 

The following are some uncertainties mainly due to 

analytical imprecision at low levels: Ca, Mg and hardness 

particularly in coloured waters; S0“, due to analytical difficulties 

encountered by WQNL; alkalinity and N03 & N02. 

Table 22 summarizes the results of data evaluation at 

various concentration levels of the 16 parameters studied in 16 

different types of waters.
A
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ml 

Parameter 
Number 

Group liii Ni '“N*c£5ap 11 Group III 

Ul-§UONll—I 

Ca 
Ms 
Na
K 

Hardness 

“Ha. 
Organic 

TKN 
Total N 

Particulate Org. N 

BOD 
DO 
COD 
CN
I 

I-I 

Q\O®\lO\ 

so“ 
c1 

Particulate Org. C 
Total P 

N03 + N02 D. Organic Carbon 
sioz 
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Acidity 
Phosphorus Dissolved 
Phosphorus Inorganic 
Phosphorus Ortho 
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B (Barringer) 

pH 
Spec. Conductance 

.Turbidity 
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16 Colour 
I i I
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Table 2. The I6 waters used in the preservation study on physical 
parameters and mjor ions 

“ J I 

No. Origin and Name Region and Tybe"

1
2
3 

Pebbleloggitch 
Mercy River 
Send Pond 

Atlaneieg natural

4
5 

Carillon (on Ottawa River) 
5t- Lambert (Sc. Lawrence near Montreal) 

Quebec, natural

6
7 

Red’Deer 
Qu'Appe11e River 

Westeth, natural

8
9 

Fraser River (at Musqueam 
Sumas River (at Border) 

Marsh) 
.. l1 

Pacifié, natural 

id 
11 

flamilton Harbour 
Waters mixture 

Ontarie, natural 

12 
13 
14 
15 

ez (An1—12*nL) 
-3 (AN1-Low-Mn) M -a T-2 (CAT-12*DL) 

e w—3 (CATeLOW=MED) 
§§§§ 

>-Q 

2%
O 

spiked 

l6 CRM—2 (SAMPLE C) Synthetic
I
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Table S. Sumary of physical parameters monitoring, eater by inter 
Water Storage 

f 
Parameters 

Time 
Week pH Colour Specific 

Condhctance 

US/cm 

Turbidity 
JTU 

|--|-- 

v1N~oa~wC> 

Pebbleloggiteh 4.52i0.02 
4.S0t0.01 
4.5s¢o.o1 
4.sa:o.o1 
4.53i0.02 
4.60t0.02 

35.68iO.46 
34@9010.28 
34.23i0.26 
32.87iO.23 
34.62i0.23 
33.62i0.26 

0.72i0.02 
0.60i0.00 
0.65i0.00 
O.55i0.09 
0.62i0.05 
0.46i0.04 

Mercy River 

o-o- 

u\-oo~u-ac 

4.02i0.0l 
4.06t0.00 
4.09i0.00 
4.09t0.01 
4.03i0.01 
4.11t0.01 

66,72¢2.30 
61.75i0.11 
62.58i0.37 
61.27i0.48 
61.88i0.l7 
64.30i0.37 

o.1s¢o.o4 
o.73¢0.03 
o.16:o.o1 
o-es:o.o9 
O.81t0.06 
O.93iO.15 

SaneAP0nd 

|--r- 

u\-oa~uo 

4.40i0.01 
4.53i0.03 
4.70i0.02 
.56i0.01 
.57i0.03 

4.60i0.02 

4
4 

39.80i0.26 
37.60iO.18 
38.83i0.23 
37.23t0.16 
37.60t0.06 
40.68t0.12 

7.25i0.40 
7.78iO.25 
8.6]i0.26 
9,04i0.33 
6.70i1.13 
5.12i0.20 

I-Ii-4 

U'lNJ\OO\UOC 

Carillon 7.Z4i0.02 
6.98i0.01 
7.10i0.03 
7.16t0.04 
6.80t0.04 
7.04i0.02 

69.50i0.72 
66.73i0.12 
66.70i0.06 
65.08t0.08 
66.S2t0.69 
66.48i0.10 

4.84t0.20 
4.83iO.26 
6.75t0.S2 
4.08i1.63 
8.95i0.66 
9.37i0-55 

O-'0-I 

UIP\I\OO\UOC 

St. Lambert s.o7¢o.o3 
7.9s¢o.o1 
1.79¢o.o4 
7.66i0.02 
7.61i0.06 
7.70i0.06 

317@67i2.34 
298.00i0.63 
305.00i0.00 
298.00i0.00 
300.33i0.52 
315.00i0.00 

0.83i0.04 
0.55t0.03 
0.79i0.13 
O.69t0.17 
0.89i0.26 
0.47t0.04 

0--0-— 

U1M\OO\L»O 

Red Deer 8.29i0.01 
8.23i0.01 
8.20i0.02 
8.23i0.02 
8.14i0.02 
8.32i0.02 

447.67t5.39 
417.83tO.98 
427.83i0.41 
417.00i0.00 
422.33t0.52 
439.00i0.00 

29,00i1.10 
14.00i0.00 
15.00i1.1O 
11.83t3.71 
12.00i0.00 
10.00i0.00
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Taible 5. Summary of physical parameters smitoring, water by water 

(cont'd-) 

Water Storage Parameters 
Time 
Week pH‘ Colour 

H.U 
Sfiécific 

Conductance 
uS/cm 

Turbidity 
JTU 

Qn'Appe11e River 

I-'l—l 

UlNl\OO\hIC 

7.79i0.01 
7.70i0.01 
7.70i0.02 
7.75i0.02 
7.69i0.02 
7.74i0.02 

40 
40 
40 
40 
40 
40 

l1Z5.67i3.20 
1065.33t1.03 
108l.50t1.38 
lO57.67i0.82 
107l.00tl.41 
1078.67t1.21 

l1.00t0.00 
8..33i0.10 
5.18i0.43 
4.10iO.94 
3.42i0.28 
3.83i1.02 

Fraser River 

|-|- 

unN\DO\wO 

7.87t0.01 
7.21t0.03 
7.34t0.03 
7.75i0.0l 
7.86i0.07 
7.88i0.09 

80 
80 
60 
60 
80 
80 

263.33i0.52 
254.00i0.63 
257.83i0.75 
25l.67i0.82 
2S3.17i0.75 
257.50iO.84 

3.57t0.10 
4.62tO.20 
4.20t0.62 
2.45i0.78 
4.33i1.63 
3.83i0.52 

Sumas River 

I-Ii-I 

U\Nl\OO\UOQ 

7.58i0.06 
7.18i0.02 
7.23i0.02 
7.15i0.03 
7.29i0.03

5
5 

10 
10 
10 

13.82i0. 
14.6710. 
14.18i0.42 
14.27i0.l9 
14.72iO.26 

04+ 
05 

2.20i0.00 
2.77i0.31 
O.42i0.12 
2.15i0,55 
1.50i0.00 

Hamilton Harbour 

I-‘I-1 

U\P\I\OO\UOC 

8.52i0.004 
8.06i0.01 
7.68t0.02 
7.65i0.02 
7.77i0@02 
8.07i0.02 

20 
10 
20 
20 
20 
20 

579.00t2.19 
549.50iD.84 
555.17iO.98 
544.00:0.63 
553.00i0.63 
570.67iO.52 

4.l0iO.1l 
3.05t0.08 
2.73i0.36 
l.67t0.68 
2i7S:0o69 
l.92iO.20 

Water Mixture 

0-0- 

u=~\aa-woo 

3.01i0»0l 
3.05i0.004 
2.85i0.01 
3,08i0.01 
3.09i0.02 
3.07i0.02 

<5 
<5 
<5 
<5 
<5 
<5 

503.33t1.63 
482.50i0.55 

478.33i0.82 
473.50i0.84 
488.83iO.75 

O.15iD.OO 
0.07i0.08 
0.18i0.00 
O.l1i0.00 
0.10i0.0D 
0.l6i0.09 

RM-ANI-2 
(ANI—12*D.L.) 

I-4!-l 

U\NI\OG\UOQ 

7.89t0.03 
7.86i0.02 
7.90i0.03 
8.22t0.02 
7.70i0.04 
8.19i0.02 

<5 
<5 
<5 
<5 
<5 
<5 

22910.63 
217t0.00 

220.67ifl.52 
2l5i0.00 
215i0.52 

220.67¢0.82 

45i0.0l 
0.35t0.00 
O.35i0.00 
0.40tO.11 
0.32i0.10 
0.31i0.04

O
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Table 5. Summary of physical parameters monitoring, water by water 
(cont'd.) 

' Water Storagef Parameters 
Time x 

5 5 —~—~ 
Week 

; 
pH Colour Specific 

H.U Conductance 
H3/cm 

Turbidiry 
JTU 

RM-ANI-3 
(ANI-LOW-MED) 

1-10- 

U\N\OO\wO 

7.12i0.01 
7.17i0.01 
‘7.26i0.01 
'7.89t0.01 
7.52i0.02 
7.35i0.01 

<5 
<5 
<5 
<5 
<5 
<5 

306.17tl.21 
29010.00 
29510.00 

288.67i0.52 
287.17i0.75 
296.50i0.55 

OOOOCO 
U)LnU\gLo)\| 

0i0.02 
9i0-03 
£0.02 

6t0.09 
8t0.03 
310.03 

RM-CAT-2 
(CAI=l2*D.L.) 

I-ll-I 

U'\N)\OO\UOQ 

7.92i0.01 
_7.63i0.02 
8.07¢0.01 
7.99t0.02 
7.94t0.03 
8.04i0.04 

<5 
<5 
<5 
<5 
<5 
<5 

235.33t0.82 
221.16i0.75 
223.50i0.55 
219.50i0.55 
221.50i0.55 
224.83i0.41 

0.22i0@O3 
0.l3i0.02 
0.19i0.02 
0.53iO.72 
O.19i0.08 
0.12i0.02 

RM—CAT—3 
(CAT-LOW—MED) 

|--o- 

UIN\OO\U)O 

1.71:o.o2 
7.s9:o.o1 
_1.4a¢o.o1 
1.5o:o.o4 
1.ss:o.o2 
7.67t0.04 

U‘IU‘IU\UIU\U'I 

425.50i1.05 
400.67i0.52 
406.17i0.41 
399.00i0.00 
403.33t0.82 
416.67i0.82 

0.l9t0.01 
0.10i0.01 
O.l8t0,02 
0.16i0.02 
0.14i0.02 
O;11i0.02 

CRM-Z 
(Sample G) 

0-»- 

UIN\OO\LnO 

5.24t0.05 
4.86i0.04 
5,50t0.02 
4.84i0.02 
4@83i0.00 
4.77i0.05 

<5 
<5 
<5 
<5 
<5 
<5 

455.17i5.08 
430.67i0.52 
435.17i0.41 

438i0.00 
423.17i0.41 
455.00i0.00 

0.15i0.00 
0.08i0.00 
0.15i0.00 
0.12:0.00 
0.13i0.02 
0.10i0.00



Table-6. Summary of pl monitoring 
(average of 6 observations 1 standard deviation) 

- 27 -j 

.
¢ 

Wateré Storage Time, Week

0 3 ' 6 9 12 15 

Pebbleloggitch 4.52i0.02 4.5010 4.5810.01 4.5810 .01 01 4.5310 02 4.6010.02 

Mercy River 4.bzi6.b1 4.0610 4.0910.00 4.0910 .00 
8 

01 4.0810. 01 4.1110.01 

Sand Pond 4.4o:0.01 4.5310 .03 4.7010.02 4.5610. 01 4.5710 03 4.eo¢o.o2 

0ari11nn. 7.24i0.02 6.9810 .01 7.1010.03 7.1610 04 6.8010 04 7.0410.02 

St. Lambert 8.0710.03 7.9810 .01 7.7910.04 7.6610 02 7.6110 06 7.76£0.o6 

Red Deer 8.2910.01 8.2310 8.2010.02 8.2310 .01 O2 8.1410 O2 s.32:o.o2 

Qu'Appe11e River 7.7910.01 7.7010 .01 7.7010.02 7.7510 02 7.6910 02 7.7410.02 

Fraser River 7.87i0.01 7.2110 .03 7.3410.03 7.7510 01 7.8610 07 7.8810.09 

Sumas River 7.5810 .06 7.1810.02 7.2310 02 7.1510 03 7.2910.03 

Hailton Harbour 8.5210.004 8.0610 7.6810.02 7.6510 .01 02 7.7710 02 s.o7:0.o2 

Waters Mixture 3.01i0.01 3.0510 .004 2.8510.01 3.0810 01 3.0910 02 3.0710.02 

RM-ANI-2 
(ANI*12*D.L.) 

i.s9:O.bs 7.8610 .02 ‘7.9010.03 8.2210 02 7.7010 04 8.1910.02 

RM—ANI—3 
(ANI—LOW—MED) 

7.1Zi0.01 7.1710 .01 7.2610.01 7.8910 01 7.5210 02 1.35:b.bi 

RM—CAT—2 
(CAT—12*D. 

1.92:0.o1 i.e3:o .02 8.0710.0l 7.9910 02 7.9410 03 s.o4:0.04 

RM-CAT—3 
(CAT—LOW*MED) 

7.77i0.02 7.59:0 .01 7.4$:b.oi’7.s0¢o 04’ 7.8810 O2 7.6710.04 

cm-z 
(Sample C) 

5.2410.05 4.éa:b -04 5.S010.02 4.8410 O2 4.8310 00 4.7710.05
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Table 7. Sunhary of colour (H.U-) innigqripg 5

1 

(average of 3 observations 1 standard deviation)§ 

No. Waters Storage Timei Week:

0 6 9 . 12 15 

1 Pebble- 
loggitch 

100 100 100 100 100 

.“2_ fi§rb§5§iver 80 80 80 80 60

3 Sand Pond 5300 320 400 400 300 

4 Cajillon 40
u 

50 50 50 66,.

5 St. Lambert <5”W 
<5 <5 <5 <5

6 Red Deer 40 40 40 40 40

7 Qu'APPe11e 
Rivét 

40 40 40 40 46"““ 

55 Fraser River 80 60 60 80 so
5

9 Sumas River 
'55‘ ' 5 ' 

1o 1o 10 

10 Hamilton 
Harbour 

'20 20 20 20 20 

11 Waters 
Mixture 

<5 <5 <5 <5 {5““W 

RM-ANI—2 
5“ 

12 
(ANl—12*b.L,) 

<5 <5 <5 <5 .2§W. 

13 RM-ANI-3 
(ANI—LOW—MED) 

<5 <5 <5 <5 <5 

14 RM-CAT-2 
(CAT—12*D.L.) 

<5 <5 <5‘“_M 
<5 <5 

15 RM=CAT*3 
(CAT—LOW~MD)

5 5 5- 5 
5

5 

16 CRM+2 
(Samfile C) 

wMU<$m.M 
<5 <5 <5 5&5

5‘
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Table 8. Sunary of specific conductanee (u S/cm) monitoring 

(average of 6 observations i standard deviation) 

No. Waters Storage Time, Week

- 1 o 3 is 9 12 L5

1 Pebble- 
loggitch 

35.68i0.46 34.90i0.28 1 34.23iO.26 32.87iO.23 34,62i0.23 33.62i0.26

2 Mercy River 66.72$2.30 61.75i0.11 s2.ss:o.3i e1.21>.~.o.48i 61.88iO.17 s4.3o:o.37

3 Sand Pond 39.80i0.26 37.6i0.18 38.83i0.23 37.23:b;i6 37.60i0.06 40.68i0.12

4 Carillon 69.50i0.72 
A 

66.i3£0.12 66.70i0.06 65.08t0.08 .66.52i0.69 66.48i0_.l0

5 St. Lambert 3L1.e7:2.34 298.00i0.63 305.00i0.00 298.00i0.00 300.33i0.52 315.00i0.00 
is Red Deer 447,67i5.39 417.83i0.98 427.83i0.41 417.oo:o.oo 422;33:o.s2 439.00i0.00

7 Qu'Appéii§‘112s.67:3.2o 
River 

1065.33i1.03 lO81.50i1.38 057.67i0.8Z 1071.00i1.41 1078.67i1.21 

8 Fraser 
River 

253.33¢o.s2 72S4,00!0.63 257.83i0.75 2s1.61:o.§i 253.17iD.75 257,50i0.84

9 Sumas River 13.82i0.04 14.67i0@05 14.18i0.42 ‘14;21:o.19 14.12io.2s 

10 Hamilton 
Harbour 

5]9.00i2.19 549.50i0.84 5ss{11:o.§s 544.00i'.0.63 553.00i0.63 570.67i0.52 

ii Waters 
Mixture 

so3§35ii.6s 4s2.so:o.5s 478.33i0.g2 473.50i0.84 488.83i0.75 

ii RM-ANI-2 
(ANI-12*D.L.) 

229.00i0.63 217.00i0.00 220.67iO.52 215.oo:o§oo 215.00i0.00 220.67i0.82 

13 RM+ANI*3 
(ANI-LOW-MD) 

306.l7i1.21 290.00i0.00 295.00i0.00 2ss.671bIS2 

v
, 

M2’81;i1‘7:b[75 296.50t0.55 

14 RM—CAT-2 
(CAT—12*D.L.) 

235.33i0.82 221.l6i0.75 z23.soio.5s 219.S0i0.55 221.50t0.55 224.83i0.41 

."' 
15 RM—CAT—3 
(CAT—LOW-MD) 

425.S0i1.05 400.67i0.S2 406.17i0.41 399.00i0.00 403.33t0.82 416@670i0.82 

16 can-2 
A i 

(Sample C) 
455.17i5.08 430.67i0.52 43$.11:o.41 438.00i0.00 423.i7éo.4i 45s}dd&oIoo
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Table 9. Summary of turbidity (JTU) mnitoring 

(average of 6 observations i standard deviation) 

No. Waters Storage Time, Week
»

0 Q 3 6 9 12 15 

1 Petbleloggitch O.72t0.02 O.60i0.00 0.65i0.00 0.55i0;09 o.e2¢0.o5 0.46:o§o4 

2 Mercy River
_ 

O.78t0.04 p.13¢o.o3 0.76t0.01 0.68i0.09 O.81i0.06 0.93iO.15 
A5 gag; é§5¢“’ 7.25i0.40 ].78i0.25 8.67ib.26 9.04i0.33 6}7o£1.13 5§12:o,2o 

4 Carillon 4.84i0.20 4.83t0.26 6.75t0.52 4.08t1.63 8.95i0.66 9-37i0.55 

S St. Lambert O@83i0.04 0.S5i0.03 0.79iO.13 0.69iO.17 0.89tO.26 0¢47i0.04 

6 Red Deer 29§db¢1.10 14.00i0.00 1$.00i1.10 11.83i3.71 12.00i0.00 10.00i0.00 

7 Qu'Appe11e 
River 

11.00t0.00 s.3s¢o.1o 5.18t0.43 4.10t0.94 3.42i0.28 3.83il.02 

8 Fraser River 3.57iO.1O 4.62iO.20 4.Z0t0.62 2.45i0.78 4.33:1.63 3.83i0.52 

9 Sumas River 2.20t0.00 2.77iO.31 0.42i0.12 2.15i0.55 1.50$0.00 

10 Hamilton 
Harbour 

4.1o£o§11 3.’o’s:o.'os 2§73:o§3s 1.s7:o.es 2.75iO.69 i.9é:0.2o 

11 Waters Mixture O.1Si0.00 0.07i0.08 O.18t0.00 O.11i0.00 0.1o¢o.oo 0.16t0.09 

12 RM—ANI—2 
(ANI—12*D.L.) 

O.45t0.01 0.3Si0.00 0.35i0.00 o.40:0.11 0.32t0.I0 O.31i0.04 

13 RM-ANI—3 
(ANI-LOW-MED) 

0.70i0.02 O.39t0.03 0.44i0.02 0.56i0.09 0.38t0.03 o.33:o.o3 

14 an-cAT-2 
(CAT-12*D.L.) 

O.22t0.03 O.13t0.02 0.19i0.02 O.53t0.72 0.l9t0.08 O,12i0.02 

15 RM—CAI-3 
(CAT-LOW—MED) 

O.19i0.01 0-10i0.01 O.18i0.02 0.l6i0.02 0¢14t0@O2 o.11:o.62 

16 can-2 
(Sample C) 

~0.15i0.00 0.08i0.00 0.15i0.00 O.12i0.00 0.13t0.02 0.10i0.00
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Table 11. Sumary of Ia (ppm) monitoring 

No. Waters Storage Time, Week

0 3 6 9 12 15 
V, _ 

1 Pebble- 
loggitch 

2.8310.05 2.8010.00 2.9010.07 2.7810. 01 2.9410.17 2.8310.03 

2 Mercy River 2.9310.05 2.9810.04 3.0410.05 2.9610. 16 2.93:o.ds‘ 2.94¢o.o2 

3 Sand Pond 3.72$0.08 3.8310.05 b.1310.04 3.7310. 02 3.6910.02 3.8010.02 

4 Carillon 2.2310.08 2.2o¢o.oo* 
0 

2.2s¢o.o3 2 18:0. 01 2.1510.01 2.2110.03 

5 St. Lambert 12.4010.11 12.4810.2l 12.4310.10 11.9310. 16 12.26:o.oe" 12.1o¢o.6s 

6 Red Deer 28.9712.49 29.2010.21 27.7710.40 28.2710. 10 .29.6710.08 29.8310.19 

7 Qu'Appe11e 112.0011.10 
River 

112.3310.52 111.3311.51 99.3310. 87 109.5011.52 114.3311.21 

8 Fraser 
River 

M6.93:0.o5 7.1210.12 7.1410.06 7.1110. 03 7.0210.08 7.3010.06 

9 Sumas River — _ » +. 7 2687.501h4.24 2582.00_27. 60 2592.50110.41 2541.0121.67 

10 Hamilton 
Harbour 

33.3210.11 32.3710.23 30.8710.46 34.0510. 24 3z.13¢o.21 
0 

is 8310.23 

11 Waters 
- Mixture 

1.2810.04 1.25£6.oe 1.25*0.02 1.2110 01 1.4210.16 1.2310.02 

12 RM—ANI-2 
(AN1=12*n.L.) 

4.0810.12 4.1310.05 4.0210.08 3.9410. 02 3.9210.02 4.1810.05 

13 RM-ARI-3 
(ANI-LOW—MED) 

16.4710.31 16.4210.26 15.0810. 04 16.3510.08 16.9210.12 

14 nu-cA$+2 
(CAT-12*D.L.) 

4.5710.18 4.5510.06 4.4810.10 4.3910 05 4.3410.01 4.6010.03 

15 RM-CAT—3 
(CAT-LOW-MD) 

24.7810.16 24.4310.27 24.6310.45 23.5210 .08 24.6310.23 24.9010.13 

16 CRH-Z 
(Sample C) 

18.3810.44 18.8710.23 18.6710.18 16.8510 14 91s.é6:o.13 
' 

19.z3:o.1o



Table 12. Summary of K (ppm) mnn1tor1ng 
. 
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No. Waters Storage Time, Week 
0.,

3 6 9 12 15 

1 Pebble? 
loggitch 

0.24i0.0l 0.2010.00 0.2410.02 0.2310 00 0.2810.04 0.2210.01 

2 Mercy River 0.2710.01 0.2810.04 0.2810.01 0.2810 04 b.27:0.o2 0,2610.01 

3 Sand Pond 0.1910.01 o.2a:o§65 0.2410.00 0.18:0 01 0.1810.0l 0.1710.01 

4 Carillon 0.8010.02 0.8010.00 0.8110.12 0.7910 01 o.7s:o.oI 0.7910.01 

5 St. Lambert 1.34i0.02 1.3510.06 1.3610.01 1.3610 63 1.3110.01 1.3210.02 

0 .Re0 Deer
I 

3§b§£d.o9 3.0710.05 3.0510.02 3.0510 01 3.0310.02 3.1o:0.o3 

7 Qu'Appe11e 11.67i0.26 
River 

11.5210.l6 11.2010.06 10.2310. 20 1b§9sE0.17 11.06i1.15 

8 Fraser 
River 

7.30i0.10 7.2010.06 7.2710.05 7.1010 00 1.30£o.oo 7.2010.00 

9 Sumas River - 101.6710.52 97.5813 22 102-6711.37 98.9310.46 

10 Hamilton 
Hgrbour 

4.9210.l2 4;@o¢¢;¢¢ 4.9o£o.oo 4.85:0 04 4.9710.02 4.9710.02 

11 Waters 
-Mixture 

0.51i0.0l 0.5010.00 0.5110.01 0.5010 01 0.4910.0l 0.5110.01 

12 RM;ANI~2 
(ANI—12*D.L.) 

2.3910.02 2.4510.06 2.4110.02 2.4910 01 i.3e¢0.o1 2.4510.02 

13 RM—ANI—3 
(ANI-LOW—MED) 

7.02i0.04 6.9210.l0 6.9210.08 6.15:0 06 6J9s:o.o4 6.8310.08 

14 RM—CAT-2 
(CAT—12*D.L.) 

3.21i0.06 3.2510.06 3.2510.02 3.2110 03 3}1e:o.o2 3.2310.04 

15 RM-CAT—3 
(CAT-LOW—MD) 

7.60iQ.09 7.5310.08 795710.05 7.3710 05 7.6510.06 7.$S§b§os 

16 CRM-Z 
(Sample C) 

0.8710.00 0.9010.00 0.9010.01 o.sa£b oi b.si¢o.oI d.s7£o.o1



Table 13. Sugnty of Ca (ppm) monitoring 

1‘Watere Storage Time, Week

0 3 6 
¢_-fl 

12 15 

Pebble- 
loggitch 

0.82i0.1O o.3a:o§d4 
A 

o.35:0.o2 0.37i0.01 0.41i0.03 0.43i0.03 

fieno§ Rinet b}s7¢o.os 0.80i0.01 0.88i0.01 0.90i0.02 0.87i0.01 

Sand Pond o;s2:o.12 O.56i0.05 0.46i0.02 0.48i0.05 0.54i0.05 0.53i0.05 

Carillon 7.30i0.28 7.68i0.29 7}ss:o.23 7.79t0.09 7.85i0.l1 7.57:o.05 

St. Lambert 3e{28:L.24 36.17$1.02 35.60iO.37 37.38iD.19 37.02i0.24 36.40i0.21 

Red Deet 40.62il.24 40.80i0.84 40Iia:o.59 41.47i0.29 41.18i0.39 40.42$0.l5 

Qu'Appe11e 
River 

64.1s:1{é8 64.25i0.90 58.87il.O9 65.22iO.82 64.52iO.95 63.78i1.12 

Fraser 
River 

1e;2s:b§37 16.3é:o.47 16.S3iO.20 16.78i0.16 l7.05t0.14 16.38i0.l5 

Shmas River 110.00i0.63 107.00il.79 106.15t3.59 l13.17i1.47 

Hamilton 
Harbour 

55.10i0.55 s4Qos:1.o3 52.13¢2.05 57.68iO.28 56.8Si0.46 56.08i0.41 

Waters 
Mixture 

12.53i0.46 13.02i0.30 12.78i0.20 13.4o:o.o6 i3§43:o.1o 13.10i0.16 

RM-ANI-2 
(ANI-12*D.L.) 

26.87i0.79 26.37i0.20 2s16sio.3e 26.82iO.16 26.87ifl.22 26.50t0.36 

13 RM—ANI-3 
(ANI-LOW-MED) 

12.67iO.31 12}93:o.24 l2.7010.09 13.13i0.22 13.25i0-19 13.23i0.l9 

14 RM—CAT-2 
(CAT—12*D.L.) 

28.15iO.69 27.93i0.36 '27.45¢O.19 2é.53¢o.5i 2s.2é:o.21 27.72i0.33 

15 RM—CAT-3 
(CAI—LOW—MED) 

s5f7i:4}i3 34I93:o§79 34.63iO.43 36.28iO.26 35.37i0.l9 35.28t0.33 

o.__., _ E 

16 CRM-2 
(Sample C) 

4iI52i1.ss 41.§2:o.37 40.68i0.28 43.02i0.40 42.22t0.52 42.0710. 39
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Ihble 14. Summary of lg (ppm) monitoring 

No. Waters Storage Time, Week

0 3 6 9 '12 115 

1 Pebble- 
loggitch 

0.4i10.06 8o.4o1d.61 0.3710.01 0.3710.00 0 3110.01 0.3710.01 

2 Mercy River 0.4810.04 0.4310.05 0.4210.004 0.4310.01 0 4310.01 0.4210.00 

8 Sand Pond 0.5210.04 0.5510.08 0.4310.004 0.4510.02 0. 4610.02 0.4410.02 

4 Carillon 1.861911 1.8010.06 1.8210.48 1.8310.01 1 8010.03 1. 7510. 01 

5 St. Lambert 7.8210.13 74210.15 7.s’s1.o.22 7.9210,03 8 0010.06 7.7810.04 

6 Red Deer 15.50t0.17 14.8710.23 14.9210.33 153210.815 14 9810.10 14@910.19 

7 Qu'Appe11e 35.7810.17 
River 

35.8210.17 36.4310.49 37.2010.9$ 36 9210.62 35610.21
1 

8 Fraser 16.5210.11 
River 

162210.11 16.13$0.21 16.3510.23 16 5310.10 16.5mo.11 

9 Sumas River 125.1711.17 336.5013.94 327 8312.86 321.3313.01 

10 Hamilton 13.2510.24 
Harbour" 

13.2010.25 13.2o10'.17 13.3510.14 13 3310.10 13.3010.06 

11 Waters 
Mixture 

2.7710.05 2.7210.08 2.7310.05 2.6810.04 2 1510.66 2.7010.00 

12 RM-ANI—2 
(ANI-1.2*D. L. ) 

7.8810. 12 7.7310.18 7.6210.08 7.7810.04 5 8510.06 7.7810.04 

13 RM-ANI—3 
(ANI-LOW—MED) 

1S.4710.16 15.8051‘ 0.82113 14.8210.13 15.1810.21 15 0810.15 15. 0010.80 

14 RM—CAT-2 
(CAT—12*D.L.) 

7. 2010. 09 7.1710.16 “7.3o¢o.o6 7.2810.08 7 2210.08 7.020.086 

15 RM-CAT—3 
(CAT-LOW—MED) 

7.8010.35 '8.0010.50 8.0810.15 a.o3£o.o5 7 9010.06 7. 8510.05 

16 can-2 
(Sample C) 

9.3810.08 9.230.10 9.1510116 9.1451 0. os 9 3010.14 9.2510416
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Iable 15. Snpiary of hardness (PP! * C8003) monitoring 

No. Waters

1 

Storage Time, Week 

O 3 " 6 9' 12 15 

1 Pebble- 
loggitch 

's]s9:6.4e 2.59i0.10 2.54iO.41 2.44t0.02 2.55i0.08 2.e1:o.iI 

2 Mercy River 4.48i0.17 3.95i0.22 3.73i0.03 3.94t0.04 4.03t0.04 3.91:o;o3 

3 Sand Pond 4.17iO.38 3.80i0.69 2.93t0.06 3.05i0.21 3.22t0.19 3.12i0.19 

4 Carillon 25.64i1.09 26.59t0.91 2s.92:0.ae 26.97i0.27 2é.99¢of35 26.13i0.17 

5 St. Lambert 122.98$3.14 122.06i2.63 121.21i1.68 125.94i0.62 12S.37i0@63 122.94t0.59 

6 Red Deer 165.22i3.51 163.07tZ.08 161.74i2.76 166.59i1.12 164.51t1.20 161.85t1.51 

7 Qu'Appe11e 307.47i4.04 
River 

§07§s$¢2.7s ¢§2;95¢¢.98 31s.9e:3.91 313.25t4.69 306.45i0.93 

8 Fraser 
"River 

1Q8.1Si0.80 107»66t1.S9 107¢69i0.70 109.21i1.17 110.63$0.65 1os.s4:oLss 

9 Sumas River Q 786.S3i8.54 1652.21t19.94 1614.42tL1i67 1605.50t12.88 

lb fiamilton 
Harbour 

192.1Zi1.88 189.34i2.30 184.51t4.92 198.97i0.63 196.83t1.29 194.38t1.07 

11 Waters 
Mixture 

'42.es:1.os 43.s3£b;9s ‘43.1eid.e3 44.50i0.23 44.88tO.44 43.78i0.44 

12 RM—ANI—2 
(ANI-12*D.L.) 

99.53i2.15 97.67tl.04 9S.36t0.96 
l _ 

99.l6i0.52 99.35t0.65 98.22i0.90 

13 RH—ANI—3 
(ANI-LOW-MED) 

95.Z9i1,37 94.18i1.02 92.64i0.83 95.29t1.19 95.50i1.05 94.80t3.64 

14 RM-CAT-2 
(CAT—12*D.L.) 

§9.93:i.1s '9§.zs¢1.4s 98.59t0.7O 100.73i1.25 100.17iO.70 98.Z3i0.96 

15 RM-CAT—3 
(CAT—LOW—MED) 

120.07i3.38 119.47i2.33 119.75t1.15 123.67iO.61 l20.72t0.69 120.35i0.95 

16 CRM-Z 
(Sample C) 

142.29i4.07 14z.si:1.2s 1a9.1sio.9s 146.31iO.95 143.69i1,82 143.20!O.93
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Table 16. of S0“ (ppm) mnitoring 

No. Waters Storage Time, Week

0 3 6
W 

12 
.r 

is 
.n 

1 .Pebb1e* 
loggitch 

6.87i0.46 6.30i0.16 6.37i0.73 6.38!0.34 5.45t0.23 6.15i0.30 

2 Mercy River 9.27i0.22 9.67i0.14 ' 9.28i0.28 9.97i0.22 7.90i0.74 9 57t0.l2 

3 Sand Pond l0.Z6i0.25 10,62tO.17 1o.42:o.6i 1o.7o£o.3o W“‘16{41£3.e7 7 §7£b.2e 

4 Carillon 9.57i0.37 1o.ss¢o.s2 “9.s1io.45 10.10t0.32 9-58t0.04 (0.2 

5 St. Lambert 26.70iO.35 26.57t0.21 27.03t1.39 26.88i0.45 27.33i0.l8 27 08i0.45 

6 Red Deer 80.58i4.39 77.93i0.89 1o.6$:£.69 7e]72:0.61 77.42i0.94 72 07i1.03 

7 Qu'Appe11e 243.e2:2.os 
River 

z44§es¢3.12 243.45t7.46 244.17t0.72 236¢63tA.08 237 30i#.13 

8 Fraser 13.50i1.23 
River 

14.so£o.a4 14.17i1.23 13.4s:o.s6 13.00i0.ll <0¢2 

9 Sumas River — - 656.28i20.55 698.87i1.63 709.88i5.34 (0.2 

10 Hamilton 
Harbour 

65.88i3.64 59.l3il.22 63.90tl.O9 67.17t2.53 65.05t1089 (0.2 

11 Waters 
Mixture 

96.l5i3.80 94.78i2.06 83.60t2.06 s7.7s£o.31 92.6é£1.e1 7711.33 

12 RM-ANI—2 
(ANI—12*D.L.) 

21.6Sil.63 21.50t1.0l 20.40i0.86 20.57i0.24 i9.$s:o.19 l8i0,3O 

13 RM—ANI-3 
(ANI—LOW-MED) 

63.50i4.88 60.08i2.65 51.75i3.54 S6.85i2.10 s3.22:o.47 6b£o.7i 

14 RM-CAT—2 
(CAT-12*D.L.) 

18.10iO.66 18.20t0.43 19.52i3.64 17.50i0.Z8 17.1Zt0.47 .47iO.37 

15 RM-CAT—3 
(CAT-LOW—MED) 

2S.32il.32 ‘26§o8¢1.24 25.22iO.84 24.61¢o.3o .08i0.31 

16 CRM-2 
($8mP1e C) 

aa.$3:o.1s a7.27£1.eo 37.67i1.65 3e.43£i.se 36.67iO.33 .02iO.51
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Table 17. A Summary of C1 (ppm) monitoring 

Waters N0. Storage Time, Week 

0 3 - 6 9 12 15 

1 Pebble- 
loggitch 

4.35i0.27 4.33i0. 16 4.38i0.21 4.15i0.06 4.20:0.23 4.28i0Q10 

2 Mercy River 4.66i0.20 4.7210. 12 4.55$0.16 4.80i0.63 
’ 

4.ss:o.1s 4.43t0.05 

3 Sand Pond 5.30i0.93 5.95i0. 08 6.l7i0.35 5.73i0.08 10.30t2.01 5.70i0.00 

4 Carillon 2.02i0.15 2.25tO 14 2.10tO.17 2.07i0.08 2-12t0.04 

5 St. Lambert 24.38i0.25 Z5.05i0. 24 25.07i0.16 24.35i0.27 24.55i0.06 24.68t0.08 

6 Red Deer 3.93i0.19 4.00t0. 13 
'0 

3.1s1o.23 3.67i0.05 3.95i0.11 3¢57t0.14 

1 Qu'Appe11e a9.4z:1.so 91.4310. 
River 

43 82.83$4.57 90.52i0.86 91.60i0.27 89.87t1.80 

8 Fraser 
River 

12.78i0.87 12.7$i0. 19 12.43i0.l0 12.28i0.10 l2@57t0.05 

9 Sumas River - - 49 04.77t272.33 4299.28t29.13 4565.48t84.99 4794.08i134.26 

Hamilton 
Harbour 

10 62.03i0i98 64.48i0. 71 "s1§4s:2.49 64.93i0.75 61,98i0.23 

Waters 
Mixture 

11 I.27i0.28 1.2010 06 1.1o:o.od 
0‘ 

ofésibloa 1.00i0.00 l.07i0.14 

12 RM-ANI—Z 
(ANI—12*D.L.) 

6.88i0.19 6.85i0. 08 6.78i0.08 6.48i0.15 
“H0 

6.5o¢o.oe 6.12¢o.os 

13 RM-ANI—3 
(ANI—LOW—MED) 

z4.41:o.3o 24.6s£o I04 24.80i0.21 23.98¢0.23 23.97i0.14 24.33i0.89 

14 RM-CAT—2 
(CAT-l2*D.L.) 

12.08i0.21 12.27i0 19 12.s1¢oI4a 11.90t0.09 11.88i0.08 12.07i0.05 

15 ’RM-CAI-3 
(CAT-LOW-MD) 

15§9o:1.se 11.1821 08 70.67t2¢89 78.57t0.64 73.54t0-17 75.92t0.99 

16 CRM-2 
($&mP1e C) 

104.12i1.24 107.4StO 79 99.zo:s.14 105.97i1.26 104.47i0.46 l03.77t0.96
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Table 18. Summary of alkalinity (ppm~Ca003) monitoring 

Ho. Waters Storage Time, Week 

O 3 6 9 12 15 

1 Pebble- 
loggitch 

-<1 <1 
. <1. 1.95iO.61 2.64t1.87 <1 

2 Mercy River <1 <1 <1 1.é8i0.s4 i'1Ii5¢0.i5 <1 

3 Sand Pond 2.22i0.56 <1 <1 4.82i1.83 2.37i0.55 2§56t1.33 

4 Carillon 16.80i1.45 16.65i0.58 17.7S:o§72 15.ss:1,41 17.64iZ-00 19.32i1.49 

5 St. Lambert 90.13il.98 88.60$1.30 93.17i1.68 92.8Zi5.35 9o.7ii2.33 96.83i1.46 
-i6_ 

Red Deer 150.67i2.73 146.27i3.07 151.27t5.95 1$1.07t3.08 154.98t4.44 155.32t1l.1O 

1 Qu'Appel1e 1ss.a3:e.s2 
River 

i19.4:s.33 187.18t1.75 183.88i2.93 l38.75i4.85 1 78.57i43.85 

8 "Fraser 
River 

§s.771i.42 91.12i0.69 94.57i1.39 94.30t4.54 94.22i1.61 98.35i4.10 

9 Sumas River - 54.48i0.40 53.55i3.03 55.68t2.36 57.88i2.27 

10 Hamilton 
Harbour 

111.17i1.84 104.85i1.20 -l08.87t1.49 1o9;5i:2.ao 108.13t1.45 l13.98t0@96 

ll Waters 
Mixture 

4.95iI.77 <1 .<l. ’3}soi2.26 z§s7¢1.ss <1 

12 RM-ANI-2 
(AN1-12*n.L.) 

82-S8i1.6S 80.22i0.68 ss.41¢1.oo s3.a5&n.o5 a3.8i:2.12 89.93i1.06 

13 RM-ANI—3 
(ANI—LOW—MED) 

47.43i2.66 45.88i0.98 47.65i0.67 45.87i3.47 46.85i1.54 so.8oi2§7s 

14 RM—CAT-2 
(CAT—1Z*D.L.) 

79.00i2.23 76@27t3.76 79.2é¢1.e1 ao.8o:3.se 78.61:1.s4 82.l6i2.82 

15 RM-CAT—3 
(CAT-LOW—MED) 

48.87¢2.S3 46.90i2.34 48.90t1.49 46.92t2.18 41.eo:A;36 53.25t0.33 

16 CRM—2 
(Sample C) 

1.59i0.31 <1 <1 1.98i0.62 1.54i0.26
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Table 19. Sumary of Si02 (ppm) 
-43- 

onitoring 

No. Waters

1 

Storage Time, Week

0 3 6 9. 12 15 

1 Pebble- 
loggitch 

1.88i0.02 1.9530. 02 1.84i0.08 l.89i0.01 1.86i0.04 1.88i0.01 

2 Mercy River l.67i0.01 01.7s¢o 01 1.62i0.07 1.67t0.0l 1.6510111 1.6St0.02 

3 Sand Pond
l 

1.e2:o.o5 1.7410. 02 1.63i0.06 1.ea:o§bd4 2.09tO.73 1.03iO.43 

4 Carillon 3.49i0.05 3.77i0. 01 3.54:o.6s 3.59!0.05 3.6610.12 3.48t0.23 

5 St. Lambert o.31£o;o1 0.39i0. 03 0.40i0.01 0.37i0.01 o.37i0.b1 0.38i0.02 

6 Red Deer 2.97f0.03 3.0410. 01 3.02t0.08 2.99i0.01 2.67t0.03 3.0510.03 

7 Qu'Appe11e 
River 

7.66i0.06 7.8930. be 7.77i0.11 7.59i0.06 7.72t0.02 7.66i0.12 

8 Fraser 18.17i0.11 
River 

19.1610 10 18.27i0.21 18.23i0.07 18.28i0.06 1s.o9:b.6é 

9 Sumas River - 3.32i0.12 3.21i0.07 3.33i0.01 3.2eio.o1 

10 Hamilton 
Harbour 

o.23¢o.o1 0.2910. 01 0.25t0.04 0.27i0.01 0.20t0.05 0.20i0.08 

11 Waters 
Mixture 

2.26i0.0l 2.33i0. 01 2.25i0.03 2§2s:o.o1 2.30i0.02 2.28i0.01 

12 RM-ANIe2 
(ANI-12*D.L.) 

J_ 

l.1Si0.004 1.18i0 01 1.14¢0.b2 l.14t0.01 1.00i0.07 1.16i0.01 

l3 RM—ANI—3 
(ANI—LOW-MED) 

2.29i0.01 2.36i0 61 2.28i0.05 2.28i0.1 2.25i0.01 2.23t0.06 

14 RM-CAT-2 
(CAT-12*D.L.) 

1.26i0.03 1.28iO 02 1.20i0.07 1.23t0.01 1.23t0.0l 1.23£o.01 

15 RM-CAT—3 
(CAT-LOW-MED) 

7.33i0.05 7.5010 03 7.31i0.11 7.17i0.03 6.94t0.04 7.23i0.06 

16 CRM-2 
(Sample C) 

(0.02 (0.02 (0.02 H<d.o2“ (0.02 (0.02



44 . Table 20. Summary of M3 and I03 (ppa—l§I) mn_itoring 

N0, wagers _Storage Time, Week

> 

0 3 6 9' 12 15 

1 Pebbler 0.017i0;O14 
loggitch 

(0.01 (0.01 - o}dI2:o.ooz 0.014i0.00Z 

2 Mercy River (0.01 (0.01 (0.01 <o.oi <oQo1 

3 Sand Pond 0.02i0.01 0.02i0.01 0.01i0.01 0.02i0.004 0.023i0.003 

4 Carillon 0.1310.01 0.13i0.01 0.20t0.07 0.27iD.O4 0.300t0.085 
\ 

S St. Lambert O.16i0.01 0.14i0.004 0.13i0@08 0.25i0.03 o}24s¢o.oI3 

6 Red Deer o.oa¢o§oz 0.02i0.001 (.005 0.06i0.01 0.033t0.016
1 

7 Qu'Appe11e 
River 

2.86i0.06 3.44:o.12 2.87i0.42 3.32t0.04 3.212t0.121 

8 Fraser ‘ River 
2.16i0¢05 2.57i0.02 2.18i0.20 2.53t0.04 2.523i0.03 

9 Sumas River P 0.01410. 005 - 0.012i0. 00¢ (0.01 

10 Hamilton 
Harbour 

2.80i0.08 2.75i0.08 3.00i0.28 3.15611) ._oe "§.452ib§1is 

11 Waters 
Mixture 

o.6oio;oi 6§s1£6§o1 o.s2:o,o1 0.60i0.03 0.591i0.017 

12 RM-ANI—2 
(ANi—12*D.L.) 

O.42i0.02 0.38i0.01 0.43i0.01 0.42iQ.O2 0-408¢0.013 

13 RM-ANI-3
1 

(ANI-LOW-MD) 
0.93i0.16 0.93t0.04 0.98!0.08 l.01t0.03 0.957i19.510 

14 RM—CAT-2 
(CAT—12*D.L.) 

o.31ro.di o.29i0{o1 o.34:o,o1 0.32:0.01 0.308t0.0l3 

15 RH—CAT+3 
(CAT—LOW-MED) 

053610.01 0.35i0.01 0.40i0.0l O.38t0.02 0.378t0.013 

16 CRM-2 
(Sample C) 

o.o4:b.o1 0.033i0.003 0.03i0.01 0.03t0.01 0.033t0.002



Table 21. Sumary of F(ppm) and B (ppm) monitoring 
-45- 

NOD Waters Storage Time, Week

1 

o(F)
' 

15(F) 6(3) 15 (B)

1 Pebbleloggitch 0.067i0.004 0.071i0.02 (0.004 (0.004

2 kefcy4Rivef 
u A 

0.069i0.013 0.071i0.011 (0.004 (0.004

3 Sand Bond

4 Carillon ¢;¢¢¢.¢.01e o.1o3:0.o2 (0.004 0.005i0.001

5 Sf. Lambert 0.20i0.006 0.198i0.011 (0.004 d.o26¢o.o01 

6 Red Deer 0.293i0.007 0.278!O.17 <o.bo4 o.d2s:o.oo1

7 Qu'Appe11e River d.s99£0Ioo1 0.624i0.045 0.054i0.014 0.176i0.002 

8 Fraser River

9 Sumas River 

10 Hamilton Harbour 0.646¢0.007 0.619i0.03 (0.004 0.097i0.001 

11 Waters Mixture 0.126i0.031 0.690i0.37 <0.od4 d.ooe£o.oo1 

12 RM—ANI—2 
(ANI—12*D.L.) 

0.25a£b.24 o}24e:o.7s (0.004 0.013i0.002 

13 RM—ANI—3 
(ANI—LOW—MD) 

0.e43£o}0os 0.609i0.039 (0.004 (0.004 

14 RM-CAT—2 
(CAT—l2*D.L.) 

o{i1a:o.o1o 0.668t0.471 (0.004 0.012i0.00 

15 RH-CAT-3 
(CAT-LOW—MED) 

O.200i0.031 0.17t0.04 (0.004 0.007£0.001 

16 CRM-2 
(Sample C) 

0.149i0.030 0.225i0.075 (0.004 
A 

’<o.oo4
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Table 22. Summary of evaluated results 

Parameter High Level Hediu Level Low Level 

pH, ph units >7 01(- > 4 & ( 7 OK‘ ' ( 4 i 
u 

OK 

Colour, H.U. > 40 OK > 5 & ( 40 OK ( 5 OK 

§p¢¢1r1¢‘ 
conductance, Us/cm >480 OK > 40 & (480 OK ( 40 OK 

Turbidity, JTU > 6 ? >O.3 & < 6 ? (0.3 ? 

N8: PP" > 80 OK > 8 & ( 35 Lox ( 8 OK 

K2 ppm > 10 OK >0,7 & ( 8 OK (0.7 OK 

Ca, ppm > 50 OK > 1 & ( 50 ox 5
I 

1 ? 

Ms, ppm > 35 OK > 1 & ( 17 OK ( 1 ? 

Hardness, 
ppm CaCo3 >300 OK > 25 & (300 OK K ( 5 ? 

solgs > 30 Some unce 
tainty du 
to MTB 

- analysis. 

1'

G 

> 11 & ( 30 OK (11 

Some un- 
certainty 
due to 
MTB 
analysis. 

<71, mm > 70 OK >3a<7o OK 
“K

( 3 ox 

Alkalinity, 
ppm CaCO3 >100 OK > 5 & (100 OK 5 ( 5 ? 

SiO2, ppm > 7 OK - > 1 & ( 7 ox i< 1 OK 

N03 & N02-N, 
PPm >0.9 OK >0.1 & (0.9 OK (0. 1 ? 

F, ppm >0.5 Seems OK 
More data 
needed. >O@1 & (0.5 

Seems OK 
More datau 
needed. (0. 

Seems OK 
More 

1 data 
needed. 

B, ppm’ Not enough data Not enough data Not enough data
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Table A1. Rdi data of physical parameters monitorigg = week 0 

water Parameters 

pH 
Conductance 

us/cm 

' Colour Specific Tur81d1cy 
JTU 

Pebbleloggitch 4.55 
4.53 
4.51 
4.51 
4.51 
4.52 

35.0 
35.4 
35.5 
35.9 
36.1 
36.2 

0.75 
0.70 
0.70 
0.73 
0.70 
0.73 

Mercy River 4.03 
4.02 
4.01 
4.02 
4.02 
4.01 

68.5 
68.9 
69.0 
64.3 
64.5 
65.1 

0.77 
0.75 
0.75 
0.77 
0.80 
0.85 

Sand Pond 4.42 
4.40 
4.40 
4.40 
4.40 
4.40 

39.3 
39.8 
39.8 
39.9 
40.0 
40.0 

\l\l\l\lO\\| 

II 

IIIO 

®U'\I\7I\70\NJ 

Cafillon 7.20 
7.22 
7.25 
7.25 
7.26 
7.26 

69.8 
70.2 
70.3 
68.6 
68.8 
69.3 

5.00 
4.50 
4.75 
5.00 
4.80 
5.00 

st. Lambeft“ 8.02 
8.07 
8.07 
8.08 
8.08 
8.09 

319 
319 
321 
315 
316 
316 

0.85 
0.80 
0.82 
0.80 
0.82 
0.90 

Red Deer 8.26 
8.29 
8.29 
8.29 
8.29 
8.30 

444 
454 
455 
443 
444 
446 

28 
28 
28 
30 
30
30



Table B1. Raw data of physical parameters unitoring = week 0 

" water Parameters 

pH ' Colour Specific Turbidity 
H.U. Conductance JTU 

us/cm 

Qu'Appe11e River 7.77 
7.79 
7.79 
7.79 
7.80 
7.81 

40 
40 
40 

1122 
1123 
1125 
1126 
1127 
1131 

11 
11 
11 
11 
11 
11 

Fraser River 7.86 
7.87 
7.88 
7.89 
7.86 
7.87 

80 
80 
80 

264 
264 
263 
263 
263 
263 

U)L0CA)UIUILA) 

I 

I

I 

O 

I

I 

U1U'l'N'!\lU\\lI 

Sumas River 

Hamilton Harbour 8.51 
8.52 
8.52 
8.52 
8.52 
8.52 

20 
20 
20 

576 
579 
578 
578 
581 
582 

-I-‘J-*-P-§-I-\-I-\ 

IOQQQNN 

Waters Mixture 3.02 
3.01 
3.01 
3.00 
3.00 
3.00 

<5 
<5 

<5 504 
505 
505 
502 
S03 
501 

0.15 
0.15 
0.15 
0.15 
0.15 
0.15 

RM—ANI~2 
(ANI—12 D.L.) 

7.84 
7.89 
7.90 
7.90 
7.91 
7.90 

<5 
<5 
<5 

230 
228 
Z29 
229 
229 
229 

0.45 
0.47 
0.45 
0.45 
0.45 
0.45Q I



0 
Table A1. Raw data of physical parameters monitoring = week 0 

Water 
' Parameters 

pH Colour Specific Turbidity 
H.U. Conductance- JTU 

us/cm 

RM-ANI-3 
(ANI-LOW-MD) 

7.14 
7.12 
7.12 
7.12 
7.12 
7.12 

<5 307 
<5 307 
<5 308 

305 
305 
305 

0.72 
0.65 
0.70 
0.70 
0.70 
0.70 

RM—CAT-2 
(CAI-12*D.L.) 

7.90 
7.92 
7.92 
7.93 
7.93 
7.93 

<5 234 
<5 236 
<5 236 

Z35 
235 
236 

0.26 
0.26 
0.21 
0.20 
0.20 
0.20 

RM-CAT-3 
(CAT=LOW—MED) 

7.74 
7.78 
7.77 
7.78 
7.78 
7.77 

5 424 
5 425
5 426 

425 
426 
427 

0.20 
0.18 
0.18 
0.20 
0.18 
0.20 

CRM-2 
(Sample C) 

5.13 
5.27 
5.26 
5.26 
5.25 
5.26 

<5 459 
<5 461 
<5 459 

449 
451 
452 

0.15 
0.15 
0.15 
0.15 
0.15 
0.15



0 
Table A2. Raw data of physical paraeters monitoring = week 3

’ 

Water Parameters 

pH Colour Spécific Turbidity 
H.U. Conductance 

us/cm 
JTU 

Pebbleloggitch 4.52 
4.49 
4.49 
4.49 
4.49 
4.49 

giuauauauaua 

u|4>-l>u1$> 

CDIQ 

a:\:u:a\ 

100 
100 
100 

0.60 
0.60 
0.60 
0.60 
0.60 
0.60 

Mercy.River 4.06 
4.06 
4.06 
4.06 
4.06 
4.06 

80 61.6 
80 - 61.9 
80 61.7 

61.8 
61.7 
61.8 

0.75 
0.70 
0.75 
0.75 
0.75 
0.70 

Safid P0n8‘W“w 4.58 
4.53 
4.52 
4.52 
4.51 
4.51 

300 37.3 
300 37.5 
300 37.6 

37.7 
37.7 
37.8 

@\l\l\l@@ 

I 

IOIII 

QUINUIQC 

0a£i11§n 
1“ 

6.97 
6.97 
6.97 
6.97 
6.98 
6.99 

40 66.5 
40 66.8 
40 66.8 

66.8 
66.7 
66.8 

4-50 
5.00 
5.00 
5.00 
5.80 
4.50 

si. L££be££ 7.97 
7.97 
7.98 
7.99 
7.99 
8.00 

<5 297 
<5 298 
<5 298 

298 
298 
299 

0.60 
0.55 
0.50 
0.55 
0.55 
0.55 

Red Deer 8.21 
8.23 
8.23 
8.24 
8.24 
8.24 

40 416 
40 418 
40 418 

418 
418 
419 

14 
14 
14 
14

_ 

14
14



Table A2. lav data of physical paraeters monitoring = week 3 cont'd 

Water Parameters 

pH ' Colour Spécifiq Turbidity 
H.U. Conductance JTU 

us/cm - 

Qu'Appe11e River 7
7 
7
7
7
7 

68 
69 
70 
70 
71 
71 

1064 
1065 
1065 
1065 
1067 
1066 

®@@GJ®® 

-I-*-§-I-\I\'JI_\'I-I-\ 

Fraser River 7 
7 
7
7
7
7 

16 
19 
21 
22 
22 
23 

253 
254 
255 
254 
254 
254 

\.!l-§-§-P-§-I-* 

C\lU\U'l\-HUI 

Sumas River 7
7
7
7 
7
7 

65 
57 
59 
61 
62 
61 

13 
13 
13 
13 
13 
13 

NJIQIOIQIQN 

NNNJNNN 

Hami1tou Harbour 8
8 
8
8 
8
8 

03 
06 
06 
06 
06 
07 

548 
549 
549 
549 
550 
551 

UJUQUIU-\l.A)U-7 

IOII 

OI 

CWCOONJ 

Waters Mixture 3
3 
3. 
.05 3

3
3 

06 
05 
05 

05 
.05 

482 
483 
482 
482 
483 
483 

0.06 
0.07 
0.07 
0.08 
0.08 
0.07 

RM-ANI-2 
(ANI-12*D.L.)

7
7
7
7
7
7 

81 
85 
86 
86 
87 
88 

217 
217 
217 
217 
217 
211 

0.35 
0.35 
0,35 
0.35 
0.35 
0.35



-65- 
Tgble A2. Raw data of phyaiéal parameters monitoring = ipek 3 cont'd 

Water Parameters 

pH Colour Spécific Turb1d1ty 
H.U. Conductance JTU 

us/cm 

RM-ANI-3 
(ANI—LOW-MD) 

7.16 
7.16 
7.17 
7.17 
7.17 
7.18 

<5 
<5 
<5 

290 
290 
290 
290 
290 
290

0 
0
0 

0
0 

RM—CAT—2 
(CAI-12*D.L.) 

7.60 
7.62 
7.62 
7.64 
7.64 
7.65 

<5 
<5 
<5 

220 
222 
221 
221 
221 
222

0

0
0
0 

RM—CAT—3 
(CAT-LOW-MED) 

7.56 
7.58 
7.59 
7.59 
7.59 
7.60

5
5
5 

400 
400 
401 
401 
401 
401

0
0 

0

0 

CRM-2 
(Sample C) 

4.88 
4.87 
4.87 
4.87 
4.87 
4.87 

<5 
<5 

" <5 

430 
430 
431 
431 
431 
431 

0 
0
0

0



Table A3. Raw data of physical parameters annitoring = Iel 6 

_ 55 _ 

water 
E 

Parameters 

zpH
1 

Colour" Specific Turbidity 
H.U Conductance 

us/cm 
JTU 

Pebbleloggitch 4-60 
4.58 
4.58 
4.58 
4.58 
4.58 

100 
100 
100 

9:29;: 

c><:|v|u 

\:ua 

0.65 
0.65 
0.65 
0.65 
0.65 
0.65 

Mercy River 4.09 
4.09 
4.09 
4.09 
4.09 
4.09 

A 

so 
so 
so 

62.5 
62.6 
62.4 
62.4 
62.3 
62.3 

0.77 
0.77 
0.77 
0.77 
0.75 
0.75 

Sand Pond 4.14 
4.11 
4.10 
4.69 
4.69 
4.69 

320 
320 
320 

38.5 
39.2 
38.7 
38.8 
38.9 
38.9 

\O®\O®®® 

O 

II 

ICU 

QUIOKJUIUI 

Carillon 1.04 
1.09 
1.11 
1,11 
7.12 
7.14 

50 
50 
50 

66.6 
66.7 
66.7 
66.7 
66.7 
66.8 

6.50 
6.00 
6.50 
7.00 
7.00 
7.50 

St. Lambert 7.72 
7.79 
7.79 
7.80 
7.81 
7.82 

<5 
<5 
<5 

305. 
305 
305' 
305 
305 
305 

0.65 
0.70 
0.70 
0.85 
0.85 
1.00 

Red Deer 8.17 
8.19 
8.21 
8.21 
8.21 
8.22 

40 
40 
40 

428 14 
427 14 
428 15 
428 15 
428 15 
428 17



Table A3. Raw data of physical paraeters monitoring = week 6 cont'd 

Water Parameters 

pH 

us/cm 

Colour Specific Turbidity 
H.U. Conductance JTU 

Qu'Appo1le_River 7.67 
7.72 
7.69 
7.70 
7.71 
7.72 

1083 
1083 
1082 
1081 
1080 
1080 

UIUIUIUIUIJ-\ 

O\‘U'lUICC>U\ 

Fraser River 7.29 
7.33 
7.34 
7.36 
7.37 
7.36 

259 
258 
258 
258 
257 
257 

uw-I>-I-\J>J>.w Ourunoon 

Sumas River 7.14 
7.17 
7.18 
7.20 
7.20 
7.20 

14.70 
14.70 
14.70 
14.60 
14.70 
14.60 

UJUQNUONM 

.

- 

0

. 

.

. 

QQ\|O\|N| 

Hamilton Harbour 7.65 
7.67 
7.68 
7.69 
7.68 
7.71 

556 
556 
556 
555 
554 
554 

uuwmnn 

. 

.

. 

. 

.

. 

|-OOO\UIN 

WatorsiMiature 2.86 
2.85 
2.85 
2.84 
2.84 
2.84 

4.42 
4.51 
4.50 
4.45 
4.50 
4.51 

0.18 
0.18 
0.18 
0-18 
0.18 
0.18 

RM-ANI-2 
(ANI-12*D.L.) 

7.84 
7.89 
7.91 
7.91 
7.91 
7.91 

220 
221 
221 
221 
220 
221 

0.35 
0.35 
0.35 
0.35 
0.35 
0.35



-53- 
Table A3. Raw data of physical parameters monitoring = week 6 cont'd 

Water ‘ 

. Parameters 

pH 
.. , 

Colour Specific Turbidity 
H.U. Conductance JTU 

_ 

us/cm 

RM~ANI—3 
(AN1-Low-MED) 

7.28 
7.26 
7.26 
7.26 
7.26 
7.26 

<5 295 
<5 295 
<5 295 

gas 
295 
295 

0.42 
0.45 
0.47 
0.42 

0.45 

RM-CAT-2 
(CAT—12*D.L.) 

8.06 
8.07 
8.08 
8.07 
8.08 
8.08 

<5 223 
<5 223 
<5 .223 

224 
224 
224 

0.22 
0.20 
0.20 
0.17 
0.17 
0.20 

RM*CAT-3 
(CAT-LOW—MED) 

7.42 
7.42 
7.43 
7.43 
7.43 
7.43 

5 406 
5 406 
5 407 

406 
406 
406 

0.20 
0.17 
0.20 
0.17 
0.20 
0.16 

CRM*Z 
(Sample C) 

5.47 
5.50 
5.51 
5.50 
5.51 
5.51 

<5 435 
<5 436 
<5 435 

435 
435 
435 

0.15 
0.15 
0.15 
0.15 
0.15 
0.15



_ 59 _ 

Table A4. Raw data of physical parameters monitoring i week 9 

Water Parameters 

pH Colour Specific Turbidity 
Conductance H.U 

s/cm 
JTU 

Pebbleloggitch 4.60 
4.57 
4.57 
4.57 
4.57 
4.57 

100 
100 
100 

32 
33 
32 
33 
32 
32

6
2
6
0
9
9 

0.55 
0.60 
0.45 
0.50 
0.50 
0.70 

Mercy River 4.11 
4.08 
4.08 
4.08 
4.08 
4.08 

80 
80 
80 

60 
61 
61 
61 
61 
61 

3
6
4
5 
4
4 

0.55 
0.75 
0.80 
0.70 
0.65 
0.60 

Sand Pond 
8“ 

4.58 
4.56 
4.56 
4.56 
4.56 
4.56 

400 
400 
400 

36 
37 
37 
37 
37. 
37 

9
3
3
3 
2
3 

\O\O®\O\O’~O 

I.lO 

IO

O 

UIQU'lU\OQ 

Carillon 
8 I 

7.08 
7.15 
7.17 
7.17 
7.18 
7.18 

40 
40 
40 

65 
65 
65 
65 
65 
65

0
0 
1
1
2
1 

U'|\l\U3#i—'a‘\ 

no 

'0

0

0 

@¢Q@U\¢ 

St. Lambert 7.60 
7.66 
7.66 
7.67 
7.67 
7.69 

<5 
<5 
<5 

298 
298 
298 
298 
298 
298 

1.00 
0.50 
0.65 
0.75 
0.65 
0.60 

Red Deer 8.19 
8.23 
8.24 
8.24 
8.25 
8.24 

40 
40 
40 

417 
417 
418 
417 
417 
417 

0--I-0- 

r-- 

OOOOOO



_ 7Q _ 

Table Ah. Raw data of physical parameters mpnitoring = seek 9 cont'd 

wager Parameters 

pH 
H.U 

us/cm 

' Colour Spécific 
_ 

Turbidity 
. Conductange JTU 

Qu'A6pé11e1River 7.72 
7.74 
7.75 
7.76 
7.78 
7.77 

40 
40 
40 

1058 
1059 
1058 
1057 
i057 
1057 

-P-IF-PU!-I>N 

U\OOUlOO\ 

Fraser River 7.73 
7.75 
7.73 
7.74 
7.72 
7.75 

60 
60 
60 

253 
252 
252 
251 
251 
251 

h>h)hJIQ->lQ

I 

I 

Q 

O

I

O 

<0 

c>c>u1c>n> 

Sumas River 7.19 
7.24 
7.24 
7.24 
7.24 
7.25 

10 
10 
10 

14.4 
14.4 
13.4 
14.1 
14.2 
14.6 

0.45 
0.25 
0.30 
0.55 
0.50 
0.45 

Hailton Harbour 7.62 
7.64 
7.65 
7.65 
7.65 
7.67 

20 
20 
20 

544 
545 
544 
544 
544 
543 

‘l\7l\3N!CI-'I—'

O 

.

. 

Q

.

¢ 

U\QQUIU'lUl 

Waters Mixture 3.09 
3.08 
3.07 
3.07 
3.07 
3.07 

<5 
<5 
<5 

477 
478 
478 
479 
479 
479 

0.11 
0.11 
0.11 
0.11 
0.11 
0.11 

RM-ANI~2 
(Am-12»*n.L.) 

8.18 
8.21 
8.22 
8.22 
8.23 
8.23 

<5 
<5 
<5 

215 
215 
215 
215 
215 
215 

0.45 
0.55 
0.30 
0.27 
0.45 
0.35
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Table Ab. Raw data of physical parameters monitoring = seek 9 cont'd 

Water Parameters 

pH Colour Spécific Turbidity 
H.U. - Conductance JTU 

us/cm 

RM—ANI*3 
(ANI—LOW—MD) 

7.87 
7.89 
7.90 
7.90 
7.90 
7.90 

<5 288 
<5 289 
<5 289 

289 
289 
288 

0.60 
0.65 
0.40 
0.60 
0.60 
0.50 

RM—CAT—Z 
(CAT—12*D-L.) 

7.96 
7.99 
7.99 
8.00 
8.00 
8.00 

<5 219 
<5 219 
<5 219 

220 
220 
220 

0.20 
0.25 
0.30 
0.20 
0.20 
0.20 

RM—CAT-3' 
(CAT-LOW-MED) 

7.43 
7.49 
7.50 
7.52 
7.52 
7.53 

5 399 
5 399 
5 399 

399 
399 
399 

0.15 
0.20 
0.15 
0.15 
0.15 
0.15 

CRM-2 
(Sample Q) 

4.88 
4.83 
4.83 
4.83 
4.83 
4.83 

<5 438 
<5 438 
<5 438 

438 
438 
438 

0.12 
0.12 
0.12 
0.12 
0.12 
0.12



Table A5. Raw data of physical parameters monitoring = week 12 

_ 72 _ 

Water i 
Parameters 

EPH Colour Specificj 7Tnrbidity 
H.U. Conductance 

us/cm 
JTU 

Pebbleloggitch 4.58 
4.52 
4.52 
4.52 
4.52 
4.52 

100 34.7 
100 35.0 
100 34.6 

34.6 
34.5 

' 34.3 

0.65 
0.65 
0.65 
0.65 
0.55 
0.55 

Mercy River 4.09 
4.08 
4.07 
4.07 
4.07 
4.07 

80 62.0 
80 62.0 
80 62.1 

61.8 
61.7 
61.7 

0.80 
0.85 
0.85 
0.85 
0.80 
0.70 

Sand Pond 4.62 
4.57 
4.57 
4.56 
4.55 
4.56 

400 37.6 
400 37.5 
400 37.7 

37.6 
37.6 
37.6 

\O\O\O\O\O\l 

.

. 

- 

.1

- 

UIOU\QC\| 

Carillon 6.72 
6.79 
6.83 
6.82 
6.81 
6.83 

40 67.7 
40 66.7 
40 66.7 

66.2 
66.1 
65.7 

u~o~o~a@a»a\ 

LnOONOuI 

St. Lambert 7.51 
7.59 
7.61 
7.64 
7.65 
7.67 

<5 301 
<5 300 
<5 300 

301 
300 
300 

OO|--0-0-r— 

O

I 

II

I

I 

O\U1h>C>O

O 

Ul 

Re6‘0eer 8.10 
8.14 
8.15 
8.15 
8.16 
8.16 

40 422 
40 422 
40 423 

423 
422 
422 

12.00 
12.00 
12.00 
12.00 
12.00 
12.00



- 12 ‘d Table A5. B88 data of physical parameters monitoring — Geek cont 

water Parameters 

pH 

us/cm 

' Colour Specific Turbidity 
'H.U. Conductance JTU 

Qu'Appe11e River 7.66 
7.71 
7.69 
7.69 
7.69 
7.70 

1073 
1071 
1071 
1072 
1070 
1069 

Uihiflnihfihlhi 

- 

O 

-

¢ 

-

. 

NIOU\U\U'I‘® 

Fraser River 7.72 
7.89 
7.89 
7.88 
7.85 
7.91 

253 
254 
254 
253 
253 
252 

-I-‘J-*0-O\U\-I-\ 

CU'lUlU'lCU\ 

Sumas River 7.12 
7.20 
7.20 
7.20 
7.20 
7.21 

14.5 
14.5 
14.2 
14.1 
14.1 
14,2 

I-1!-'I~JI\Il~Il\7 

OOUII

I 

\lIQU\U'lU\U'l 

Hailton Harbour 7.73 
7.78 
7.79 
7.76 
7.78 
7.79 

553 
554 
553 
553 
553 
552 

NNNWWW IUICIO 

UIQQUlCU\ 

Waters Mixture 3.12 
3.10 
3.08 
3.08 
3.08 
3.08 

474 
475 
473 
473 
473 
473 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

RM-ANI—2 
(ANI-12*D.L.) 

7.62 
7.69 
7.71 
7.72 
7.72 
7.72 

215 
215 
215 
215 
215 
215 

0.52 
0.30 
0.30 
0.25 
0.25 
0.30
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Table A5. Raw data of physical parameters mnitoring = week 12 cont'd 

Water Parameters 

vH_ Colour Spécific Turbidity 
H.U. Conductance JTU 

us/cm 

RM—ANI—3 
(ANI—LOW-MD) 

7.50 
7.50 
7.54 
7.53 
7.53 
7.54 

<5 286 
<5 288 
<5 287 

288 
287 
287 

0.40 
0.35 
0.35 
0.40 
0.35 
0.40 

RM—CAT-2 
(CAT—12*D-L.) 

7.88 
7.93 
7.94 
7.95 
7.95 
7.96 

<5 
_ 

222 
<5 222 

~ <5 222 
221 
221 
221 

0.25 
0.30 
0.20 
0.15 
0.12 
0.11 

RM—CAT—3 
(CAT-LOW—MD) 

7.85 
7.86 
7.88 
7.89 
7.89 
7.88 

5 404 
5 404 
5 404 

403 
402 
403 

0.15 
0.12 
0.12 
0.15 
0.12 
0.15 

can-02 
(Sap1e C) 

4.83 
4.83 
4.83 
4.83 
4.83 
4.83 

<5 423 
<5 423 
<5 424 

‘ 423 
423 
423 

0.15 
0.12 
0.12 
0.15 
0.10 
0.12



Table A6. Raw data of physical parameters monitoring = week 15 

_ 75 - 

Water ' Parameters 

pH Colour Specific Turbidity 
H.U. Conductance 

us/cm 
JTU 

Pebbleloggitch 4.65 
4.61 
4.59 
4.59 
4.59 
4.59 

100 33.5 
100 33.9 
100 34.0 

33.4 
33.5 
33.4 

0.45 
0.45 
0.45 
0.50 
0.50 
0.45 

Mercy River 4.12 
4.11 
4.10 
4.10 
4.10 
4.10 

60 64.20 
60 64.40 
60 64.10 

64.10 
64.00 
65.00 

1.20 
1.00 
0.95 
0.85 
0.85 
0.75 

Sand Pond 4.63 
4.60 
4.59 
4.58 
4.58 
4.58 

300 40.90 
300 40.70 
300 40.70 

40.60 
40.60 
40.60 

I-'0-I 

‘~O@\OOO\O 

.

. 

. 

- 

-

- 

C\lU\oOO 

Carillon 7.01 
7.05 
7.06 
7.05 
7.04 
7.04 

60 66.6 
60 66.5 
60 66.5 

66.5 
66.5 
66.3 

UIUIUIUIUIUI

I 

UGO 

O0 

U1|\)\-DCCCD 

St. Lambert 7.59 
7.69 
7.75 
7.71 
7.73 
7.73 

<5 315 
<5 315 
<5 315 

315 
315 
315 

0.45 
0.40 
0.50 
0.45 
0.50 
0.50 

Red Deer 8.29 
8.30 
8.32 
8.33 
8.33 
8.34 

40' 439 
40 

10.0 
438 10.0 

40 439 10.0 
439 10.0 
439 10.0 
439 10.0



Table A6. Raw data of physical parameters monitoring = week 15 cout'd 

water Parameters 

pH 
' Colour Specific Turbidity 

H.U. Conductance JTU 
us/cm 

Qu1A66e11e—River 7.71 
7.75 
7.73 
7.75 
7.74 
7.75 

1078 
1080 
1079 
1080 
1078 
1077 

uv-I-*4--l>u:M 

c>~4<: 

c><>L» 

Fraser River 7.70 
7.88 
7.92 
7.92 
7.92 

258 
259 
257 
257 
257 
257 

c~u»u>#-a-b 

C>C>\n\n 

c>c> 

Sumas River 7.24 
7.27 
7.30 
7.30 
7.30 
7.31 

14.50 
14.50 
14.60 
14.60 
15.10 
15.00 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

Hamilton Harbour 8.04 
8.07 
8.06 
8.08 
8.08 
8.08 

570 
571 
570 
571 
571 
571 

uuqolvuuuu

N 

u1c>c>c>¢>o 

Waters Mixture 3.10 
3.07 
3.06 
3.06 
3.07 
3.06 

488 
488 
490 
489 
489 
489 

0.35 
0.10 
0.15 
0.15 
0.13 
0.10 

RM-ANI—2 
(ANI-12*D.L.) 

8.15 
8.19 
8.19 
8.20 
8.20 
8.20 

221 
222 
221 
220 
220 
220 

0.35 
0.35 
0.25 
0.30 
0.30 
0.30



-77- 
Table A6. Raw data of physical parameters monitoring = week 15 cont'd 

Water - Parameters 

pH Colour Specific Turbidity 
H.U. Conductance 

us/cm 
JTU 

RM-ANLI-3 
(ANI—LOW-MED) 

7.33 
1.35 
1.35 
1.35 
7.35 
7.36 

<5 297 
<5 297 
<5 297 

296 
296 
296 

0.30 
0.30 
0.30 
0.35 
0.35 
0.35 

RM:CAT-2 
(CAT—12*D.L.) 

7.96 
8.03 
8.05 
8.06 
8.07 
8.06 

<5 225 
<5 225 
<5 225 

225 
225 
224 

0.15 
0.10 
0.15 
0.12 
0.12 
0.10 

RM—CA'1"—3 
(CAT-LOW—MED) 

7.60 
7.66 
7.67 
7.68 
7.70 
7.71 

5 417 
5 417 
5 418 

416 
416 
416 

0.15 
0.10 
0.10 
0.10 
0.10 
0.10 

CRH'2 
(Sample C) 

4.87 
4.77 
4.76 
4.76 
4.74 
4.74 

<5 455 
<5 455 
<5 455 

45$ 
455 
455 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10
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