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I am pleased to submit 15 copies of a report titled "Arsenic in
Sinclair Creek Basin, Kootenay National Park, B.C.". This report
concludes our understanding of your letter of July 9, 1975 to

Mr. Gummer whereby Parks Canada provided $5,000.00 to Inland
Waters Directorate to carry out this study.

Briefly, the study concludes that while the John McKay Creek drinking
water supply is not contaminated with arsenic, the Radium hot springs
and other springs along Sinclair Creek in the vicinity of the Red Wall
Fault, and Sinclair Creek below the hot springs do exceed acceptable
arsenic levels for drinking waters. Because of the apparently limited
and/or short term consumption made of the contaminated waters, we are
of the opinion that these waters pose no danger to human health. It
is however recommended that the Canyon Campground operator be advised
to relocate his wells outside the influence of Sinclair Creek.

The report provides a brief geological description of the study area
and discusses the temporal and spatial variability of arsenic Tevels
in the Sinclair Creek Basin. A brief and general overview of the
chemical quality of the hot springs and the surface waters in the
Basin is alsc included.
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ABSTRACT

Routine monitoring in early 1975 revealed higher than expected
concentrations of arsenic in Sinclair Creek of kootenay National Park,
British Columbia. Follow-up surveys found that the Radium Hot Springs
contained about 0.5 mg/1 arsenic.

Upon the request of Parks Canada, the Water Quality Branch
undertook a ten month study to investigate the prevalence and abundance
of arsenic in the waters of Sinclair Creek Basin. Arsenic was determined
to be ubiquitous in the waters of the basin with maximum levels (up to
0.8 mg/1) recorded in diffused groundwater sources and in the hot
springs serving the Radium Hot Springs Aquacourt (up to 0.3 mg/1).

John McKay Creek which is the drinking water supply for the
townsite of Radium and the Aquacourt, contained levels of arsenic well
below the acceptable 1imit of 0.01 mg/1 of the Canadian Drinking Water
Standards. Theldrinking water for Canyon Campground, on the otherhand,
was found to contain arsenic at levels in excess of 0.025 mg/1. The
high levels of arsenic in the hot and cold pools at the Aquacourt are

not considered to present a health concern,



RESUME

Au commencement de 1'annee 1975 un arpentage routine a révé]ée
une concentration elevé d'arsenic dans le crique Sinclair qu'est situe
dans le parc national Kootenay au Colombie Britaanique. Une investigation
plus intensive a trouvée que les Radium Hot Springs contient de 1'arsenic
au concentration de 0.5 mg/1.

Sur la requéte de Parc Canada, la Direction de la Qualité d'Eau
entrepris une étude duree de dix mois avec le but de determiner 1a
prédominance et 1'abondance d'arsenic dans Tles eaux du basin du crique
Sinclair. L'arsenic est present partout dans le basin avec les maximum
concentration etant trouver dans des sources repandues (jusqu'é 0.8 mg/1)
et dans les sources chaudes qui serve le Radium Hot Springs Aquacourt
(jusqu'a 0.3 mg/1).

Les niveaux d'arsenic dans le crique John McKay, qui serve comme
source d'eau potable pour le village de Radium et pour 1'Aquacourt, etait
bien en aval de 1a limite acceptable de 0.01 mg/1 présentée dans Canadian
Drinking Water Standards. Dans 1'eau potable du Canyon Campground, les
niveaux d'arsenic était en exces de 0.025 mg/1. Les niveaux elevés
d'arsenic dans les piscines chaudes et froides de 1'Aquacourt ne sont pas

consideres comme hasard a la sante.
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I INTRODUCTION

In 1975, an inventory study of the quality of surface waters in
Kootenay National Park commenced. The study was funded by Parks Canada
of the Department of Indian and Northern Affairs and the Water Quality
Branch of the Department of Fisheries and Environment. The first data
for Sinclair Creek at Canyon Campground revealed dissolved arsenic
concentrations of 0.085 milligrams/liter (mg/1) which are high for
mountain surface waters.

A follow-up survey confirmed the original findings, and showed
arsenic to be ubiquitous in the Sinclair Creek Basin. The highest
concentrations were observed in the hot springs that supply the Radium
Hot Springs Aquacourt.

The Canadian Drinking Water Standards (National Health and Welfare,
1968) recommend an acceptable arsenic concentration of 0.01 mg/1 for
drinking water. Since waters within the basin are utilized for
drinking and recreational purposes and were shown to exceed this limit,
it was necessary to quantify the existing level of arsenic. A study was
undertaken during the period June 1975 to March 1976. In addition, a
special survey was conducted in July 1977 to further quantify the arsenic
level in Tocal groundwater discharges. This report presents the findings
of the work carried out in the Basin and puts the arsenic situation into

perspective.



Columbia (Figure 1). Elevations in the basin range from 2591 m above

sea level (a.s.1.) to less than 762 m a.s.1. For its size, the basin
supports a relatively large tourist trade. There are two major develop-
ments in the basin, the largest being Radium townsite located near the
junction of Provincial Highways 93 and 95 and Radium Hot Springs develop-
ment the second largest development in Kootenay National Park. The Radium
Hot Springs is the center of year round activity serving thousands of
visitors annually. Motels, campgrounds, service stations and other services

and a park work compound are also located in the basin.
GEOLOGICAL OVERVIEW

Sinclair Creek Basin 1s situated primarily in the Wcestern Ranges
sub-province described by Henderson (1954). The Brisco Range and Stanford
Range of the Rocky Mountain System transverse the basin north to south
making up about ninety percent of the basin. The western extremity of the
basin lies in the Rocky Mountain trench in the valley of the Columbia River
and 1s terraced up to about 910 m above sea level (a.s.1.).

In the Rocky Mountain trench are outcrops of the Windermere series
and of the Paleozoic formations (Walker, 1926). The principal exposures
are of the Quaternary era (Pleistocene to Recent Period) consisting of
till, gravel, sand, silt and alluvium,

The Stanford Range, within the basin, is divided into two fault blocks
by the Redwall fault. To the east of the Redwall fault in the headwaters
of the basin, the fault block is characterized by upright, asymmetrical
anticlines and to the westward side by longitudinal and obliquely trending

folds dissected by numerous less distinguishing faults. The rocks range



in age from late-Precambrian to Middle Devonian and consist of limestones,
limey shales, black shales, quartzites, argillites, slates, conglomerates
and rock gypsum (Henderson, 1954).

The Brisco Range is characterized by tightly folded, crumpled and
faulted rocks most of which are of the Ordovician and Silurian ages.
Sinclair Creek cuts one of these fault blocks revealing at the eastern base
of the block, Cambrian Timestone of the Jubilee Formation, and at its
western end, an outcrop of Middle Devonian limestone of the Harrogate
Formation (MacKay, 1952). The Lardeau Map (east half) of Reesor (1973)
show the rocks of the Brisco Range are primarily dolomitic 1imestone,
quartzite, sandstone, upper massive dolomite, lower laminated dolomite
and shales.

Perhaps the most striking geological feature of the basin is the
Redwall fault. The fault is characterized by a red-oxide stained breccia
zone which outcrops at various places within the basin. It brings
together Jubilee and Beaverfoot strata representing a vertical displacement
of several thousand feet. The fault extends through the entire Stanford
Range and northward into the Brisco Range. Vertical walls of the fault
can be observed where Sinclair Canyon has been cut through the fault
zone of steep resistant dolomites of the Beaverfoot formation and into

the limestones of the McKay Formation (Price, 1972).
HYDROLOGY AND GEOMORPHOLOGY

Sinclair Creek originates near Sinclair Pass and flows in a westerly
direction confluencing the Columbia River about two miles west of Radium

Townsite (Figure 1). Typical of mountain streams, Sinclair Creek is



The Lower Reach extends a distance of about 3 km and traverses the
flood plain of the Columbia River. Sinclair Creek is wider in this reach
and flows with a reduced velocity.

Because of the rapid drop in elevation, Sinclair Creek is swift
flowing and turbulent. Flows are highly variable from season to season
and reflect rate of snowmelt and precipitation levels. During June when
run-off is generally greatest in the basin, the hydrograph correspondingly
peaks. The mean daily flow for June is 3.4 m3/s (Water Survey of Canada,
1975). Other than short term peaks following prolonged rainstorms, the
hydrograph falls off rapidly after spring run-off to a monthly mean (as
determined for the period August to March) of about 0.43 m3/s (Water
Survey of Canada, 1975).

Springs are influenced by snowmelt as evidenced by colder temperatures,
increased discharge and better spring water quality during the spring
period. Van Everdingen (1972) has further suggested that the hydrometric-
water quality regimes of the hot springs are affected by movements in the
surrounding brecciated rocks. For example, he suggests that the Alaska
earthquake of March 27, 1964 may have resulted in the colder temperatures
and the distinct reddish-.rown hot spring waters.

Three major tributaries McKay Creek, Kimpton Creek and Redstreak
Creek are estimated to constitute on the average approximately 25, 25 and
10 percent, respectively, of the Sinclair Creek main stem flow. The two
latter creeks still have their natural flow regimes, whereas, flows in
McKay Creek have been altered by the construction of a small dam adjacent

to the water treatment plant.



WATER USES

The water in Sinclair Creek Basin is primarily limited to domestic
and recreational use. The importance of basin waters as fish habitat
s unclear, although a Timited number of trout have been successfully
stocked behind the dam on John McKay Creek.

The major developments in the basin, hotels and the Aquacourt,
receive their drinking water from the John McKay Creek water treatment
facilities. During periods of extreme low flow in John McKay Creek,
water from Sinclair Creek may be used to supplement water supply demand.

Canyon Campground, located about 5 km below the Aquacourt and just
outside the Park derives its drinking water from two water wells located
adjacent to Sinclair Creek. There is reason to believe {hat seepage
from Sinclair Creek feeds these two wells, therefore emphasizing the need
to clearly define any arsenic problem that may exist in the waters
originating from within the Park.

Spring water is no doubt an attractive drinking water source for
hikers and campers. However, to what extent such use is made of springs

is impossible to quantify.
THE NATURAL OCCURRENCE OF ARSENIC

Arsenic is twentieth in natural abundance among the elements of
the earth's crust. The terrestrial abundance of arsenic is of the order
of 3 parts per million (Boyle and Jonasson, 1973). Arsenic bearing
minerals are widely occurring, the most common being those combined with
sulphur, iron or nickel eg. realgar (As,S,), mispickel (FeAsS) and nickel

glance (NiAsS).
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The arsenic content of surface waters and groundwaters is dependent
on the abundance of the element in host rocks or enclosed sulfides and on
anthropogenic sources. In Sinclair Creek Basin, arsenic in the water is
derived solely from the weathering of natural arsenic bearing formations
because atmospheric contribution is considered negligible. The arsenic
concentration 1n fresh waters of western Canada are summarized in
Table 2. Concentrations of arsenic in springs and thermal waters are

shown in Table 3.

Table 2. Arsenic Levels in Fresh Waters

No. Arsenic (mg/1)
Water Body Samples Range Average
Red River, Manitoba 18 0.0006-0.018 0.004
Souris River, Manitoba 46 0.0017-0.028 0.006
Qu'Appelle River, Saskatchewan 23 0.0029-0.019 0.009
North Saskatchewan River, Sask. 44 <.001-0.0017 <0.001
South Saskatchewan River, Sask. 45 <.0005-0,0009 <0.0001
Poplar River, Saskatchewan 14 0.0011-0.027 0.008
Churchill River, Manitoba 34 <.0005-0.0006 <0.0005

Bow River, A]bertav 12 <.0005-0.0011  <0.0006
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Table 4. Parameters Measured During the Ten Month
Arsenic Monitoring Study

Sampling Frequency

Monthly Bi-Month y
temperature chloride
specific conductance alkalinity
pH sulphates
arsenic silica
1ron (extractable) calcium
manganese (extractable) magnesium
antimony sodium
sulphates potassium
copper (extractable)
fluorides

*AT1 chemical constituents are reported as dissolved
except where indicated

SAMPLE COLLECTION

Samples for all dissolved parameters were collected in two-1liter
polyethylene bottles, put in coolers and immediately transported to the
Calgary laboratory. Upon receipt at the laboratory, the samples were
immediately filtered for the dissolved parameters.

Samples (one liter polyethylene bottle) for extractable iron,
antimony, manganese and copper were treated immediately after collection
with concentrated nitric acid at a rate of ? ml /liter of sample.

A1l stream samples were collected by wading to mid stream and
hand-dipping the appropriate bottle to a depth of about six inches below
the water surface (Water Quality Branch, 1973).
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format to facilitate interpretation. The summary format consists of
statistics such as percentiles and standard deviations. Graphical
presentations are used to describe spatial and temporal variations.

4 posteri one way analysis of variance using the Modified Least
Significant Difference Method (Nie, 1975) of grouping sub-populations
were used to help define the spatial differences. This method is exact
for unequal group sizes. A correlation analysis was used to examine the

relationships of arsenic concentrations to other parameters.
IV RESULTS AND DISCUSSION
SPATIAL DISTRIBUTION OF ARSENIC IN SINCLAIR CREEK

Results from the earlier surveys conducted in Sinclair Creek Basin
during the period January to April 1975 have been reported previously
(Water Quality Branch, 1975). The results of the April 1975 survey
indicated that traces of arsenic were present throughout the watershed.
The April data also show that arsenic concentrations in the waters of
Sinclair Creek increase significantly in two reaches of the Creek. In
the reach between Kimpton Creek and John McKay Creek, single samples
show the concentration increased from 0.0072 to 0.052 mg/1, while in the
reach between the hot springs and Sinclair Canyon, it increased from
0.040 to 0.085 mg/1,

The two fold increase in the lower reach is attributable to the
discharge from the hot springs which have arsenic concentrations in the
order of 0.3 to 0.4 mg/1. The six fold increase in the upper reach

suggests yet another source.



- 17 -

Table 6. Arsenié¢ Levels in Sinclair Creek Basin -May 13, 1975 Survey

Arsenic
Map Concentration
Location Location (mg/1)
1 Sinclair Creek at Sinclair Pass 0.0007
2 Sinclair Creek opposite picnic site above 0.009
Kimpton Creek
3 Kimpton Creek near mouth 0.0019
4 Sinclair Creek below Kimpton Creek (2.9 km 0.003
above work compound)
5 Inflow to Sinclair Creek 0.3 km below Kimpton 0.030

Creek (midway between turnaround point on
highway and site #4)

6 Sinclair Creek approximately 0.6 km below 0.014
Kimpton Creek (opposite turnaround point
on highway)

7 Sinclair Creek approximately 2.0 km above 0.014
work compound
8 Sinclair Creek approximately 1.6 km above 0.017
work compound
9 Sinclair Creek at first highway crossing 0.017
above Redstreak Creek
10 Sinclair Creek approximately 23 m above 0.017
Redstreak Creek
1M Redstreak Creek at mouth 0.0057
12 Sinclair Creek approximately 180 m below 0.018
Redstreak Creek
13 Inflow to Sinclair Creek approximately 0.0006
275 m above John McKay Creek
14 Sinclair Creek above John McKay Creek 0.016
15 John MacKay Creek near mouth 0.0013
16 Sinclair Creek above Hot Springs 0.014
17 Hot Springs - hot pool inflow 0.26
18 Hot Springs - hot pool outflow 0.26
19 Hot Springs - cold pool outflow 0.25
20 Sinclair Creek 45 m above Sinclair Canyon 0.023
21 Sinclair Creek at Canyon Campground 0.029
22 Domestic water supply at Canyon Campground 0.032
(upper well)
23 Domestic water supply at Canyon Campground 0.026

(1ower well)
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Figure 4. Spatial Distribution of Arsenic in Sinclair Creek
(Mean Levels during Period June 1975 to March 1976)

The results of the a postenioni contracts used to determine
differences are shown in Table 8. Although this method created five
groupings of the monthly data which are not mutually exclusive, it does
point out general trends. The headwaters reach tends to be different
from the reach between Kimpfon and McKay Creeks and the reach below the
hot springs tends to stand alone as does the hot springs themselves. The
MLSD was performed over the entire period of record June 1975 to March 1976.
During this time, flow decreased from a normal spring high to a normal
summer and winter low, Also, arsenic levels tended to increase during
this period (the temporal aspects are discussed later). The large
range and variability of arsenic concentrations explains why the groupings
in the upper reaches of Sinclair Creek overlap.

This study and the July 1977 survey confirm groundwater discharges
below Kimpton Creek as having levels of arsenic sufficiently high to

account for the six to ten fold increase in concentrations observed in the
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reproducible annually, it will be seen in the next section that any
significant direct association between time and arsenic concentrations
is removed when one considers the association between arsenic and flow.
The decreasing arsenic concentration in the hot springs over the
study period {is contrary to what was observed at the Sinclair Creek
sampling sites. An explanation for the temporal variation of arsenic
concentrations in the Aquacourt Hot Springs cannot be given at this
time. However, it is likely that deep internal circulation rates,
discharge volume, temperature and mineral composition, contribute to the
variation. As will be seen in the next section, fluoride levels follow
the same general cyclic pattern as for arsenic, whereas, calcium levels
to which arsenic is negatively correlated (r=-0.88, a=0.05), increases as
arsenic decreases. Temperature had a subtle increase over this same

period and this is further discussed later.
RELATIONSHIP OF ARSENIC TO OTHER PARAMETERS

Arsenic in Sinclair Creek is strongly associated with many parameters
(Table 10). It must be understood that the presence of correlation
between two sets of data does not necessarily mean that causation is
present even though the correlation is excellent. In fact, most of the
chemical parameters which individually show cyclic variations, will in
all probability when related to each other, have significant correlations.
Furthermore, although causation may be present, the cause is not necessarily

the sole cause.
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The abundance of arsenic in Sinclair Creek surface waters is
attributed to natural processes and the surrounding ore bodies. Much of
the variability in arsenic concentrations is attributed to the temporal
variability in flow. Significant correlations of those parameters with
the log of flow are shown in Table 11. If we assume that there is a
cause-effect relationship between the log transformed flow data and arsenic
levels then the following can be said: the square of the correlation
coefficient expressed as a percentage, approximates the degree the inde-
pendent variable (log flow) affects the dependent variable (arsenic).

For example, consulting Table 11 it 1s concluded that the variance
associated with the log transformed flow data could account for 91%

(0.956 x 0.956 x 100) of the variance in arsenic concentration at the
site, Sinclair Creek above Canyon Campground. Sinclair Creek at Canyon
Campground correlates -0.731, and therefore, flow accounts possibly for
only 53% of the variance. An inspection of the scattergram for the two
variables revealed that the low correlation at the campground site was
due to one point which corresponded to an arsenic concentration of

0.078 mg/1 which is much greater than other J;lues reported for this site.
Excluding this point results in a correlation coefficient of -0.953,
nearly identical to that calculated for the site above Sinclair Canyon
(Table 12). This simple exercise shows how correlations may be fortuitous.

Recalling the discussion in the preceeding Section, arsenic levels
were shown to correlate well with time at most sites. However, flow
is believed to be the more 1ikely cause for arsenic level variability.
Recalculating the correlation of arsenic concentration with study time

as well as with the other parameters after controlling for the effects



Table 13. Significant Correlations of Various Parameters with Arsenic
Controlling for the Effects of the Log of Flow (a=0.05)

Sinclair Creek at Sinclair Creek above
Parameter Canyon Campground __Sinclair Canyon
Julian 0.704 Not Significant
Field Conductivity 0.789 for any parameters
Lab Conductivity 0.988 identified.
Sulphate 0.989

The high arsenic value of 0.078 mg/1 on March 3, 1976 if discounted
and removed from the calculations, destroys the remaining significant
associations shown in Table 13, except for the log of flow.

To summarize this section, arsenic is strongly correlated to most
parameters having cyclic patterns. This does not necessarily mean a
dependency of arsenic on any one or more of these parameters. By
correcting for varfability attributed to the log of flow, these strong

correlations disappear.
HOT SPRINGS POOLS CHEMICAL QUALITY

The quality of Radium Hot Springs waters has been previously reported
(Van Everdingen 1972, Elworthy 1926). The data collected during this
study are 1isted in Appendix A and statistical summaries of the data
can be found in Appendix B. Table 14 summaries the quality of the hot
springs pool inflow and outflow and the cold pool outflow.

Upon reaching the earth's surface, the hot springs undergo changes
in chemical equilibrium and chemical quality due to factors such as
evaporation, oxygenation, agitation, atmospheric contact, and so on. It

is therefore expected that the hot pool outflow will differ somewhat in
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Assuming that the hot springs pool inflow sampling site is reflective
of the quality of the hot springs themselves, these springs are slightly
acldic with a median pH of 6.9. During this study, temperatures ranged
between 35,5 and 43°C, The hot pool outflow was slightly acidic during
the summer months and s1ightly alkaline during the winter months.
Temperatures ranged between 31.5 and 38°C being generally 3°C lower than
the temperature of the springs as they emerged from the ground to the
hot pool. The hot springs inflow temperature appears to be lowest in
the summer and highest in the winter.

The practice of adding colder domestic water to lower the temperature
of the hot spring waters for the cold pool, is routinely carried out.

This practice no doubt accounts for the temperature of the cold pool
differing by as much as 13°C from the hot pool during the month of August.
These- figures also show how the quality of the cold pool outflow
differs from the hot pool inflow and outflow qualities. The increase in
PH may be attributed in part to a loss of carbon dioxide from the water

in the hot pool.

The flow regime of the Aquacourt is schematically shown in Figure 3.

Dissolved solids variations are reflected by the variations in
specific conductance (Figure 6). As would be expected, the hot pool
inflow and outflow dissolved solids content varied in a similar manner.
The fact that the hot pool outflow conductance is for the most part less
than the conductance of the hot pool inflow, suggests that the ijonic
characteristics of the hot springs change when brought into contact with
the atmosphere.

During the high tourist period of July to October, chlorides were
substantially higher in the cold pool than in the hot pool (Figure 6).
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Natural levels of metals in the Radium hot springs are low. No
detectable occurrences of antimony were recorded. In the hot springs
pool inflow, iron and manganese were detected on one occasion only while
copper was detected on two occasions. The hot spring pool outfiow on the
otherhand had six and three positive detections in eight samples for iron
and manganese, respectively. Copper was above the analytical detection
Timit for all but one sample. The explanation for the differences in
inflow and outfliow metal quality may be attributed to the piping used to
convey the waters as well as possibly the paint used in the pool.

The mean arsenic concentration of the hot pool inflow was nearly
identical to the meaﬁ concentration in the hot pool outflow. There was
however, a difference of 0.04 mg/1 between the mean concentration in the
hot and cold pools. During July and August arsenic levels in the cold
pool outflow are substantially different from both the hot pool inflow
and outflow concentrations (Figure 5). While part of this difference
may be due to the variability inherent in the analytical method, it may
also reflect the circulation regime and temperature control of the pools.

The data collected during this study show that the chemical quality
of the springs have not deviated significantly from the quality previously

described by Van Everdingen (1972).
GENERAL CHEMISTRY OF SINCLAIR CREEK AND TRIBUTARIES

The general chemistry of Sinclair Creek and its major tributaries
is summarized in Table 15, Detailed data and statistical summaries of

the data are found in Appendices A and B. The data show that the
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The temperature variability at most sites on Sinclair Creek is
typical of mountain surface waters. As Figure 10 shows, the temperature
of Sinclair Creek above Sinclair Canyon reflects the addition of hot

spring waters.,
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consumption of drinking water having arsenic concentrations of 0.05 to
0.25 mg/1 has been without i11 effect (McKee and Wolfe, 1963).

Arsenic 1s absorbed from the gastrointestinal and respiratory
systems. Symptoms of chronic arsenic poisoning are fatigue and loss of
energy; more severe exposure leads to kidney degeneration, liver cirrhosis,
hyperpigmentation and/or dermatitis of the skin (U.S. Environmental
Protection Agency, 1976).

The lag time from the beginning of injestion to onset of lesions due
to chronic arsenic poisoning is very long, 24 to 50 years (S. W. Reeder,
Fisheries and Environment Canada, personal communication).

Permissible arsenic levels in drinking water have been addressed by
many. In 1968, the World Health Organization established a permissible
Timit of 0.2 mg/1; the U.S. Environmental Protection Agency (1977)
recommends 0.05 mg/1 for domestic water supplies; the Canadian Drinking
Water Standards (Health and Welfare, 1968) recommend a maximum permissible
Timit of 0.05 mg/1 for drinking water purposes and an acceptable 1imit of
0.01 mg/1; and, the National Academy of Sciences (1974) recommends a
maximum level of 0.1 mg/1 total arsenic; the Alberta Department of
Environment recommends a surface water objective of 0.01 mg/1 (Alberta
Environment, 1977),

Hullinjer (1975) states that the accumulation of arsenic even at
Tow intake Tevels, can result in the appearances of chronic effects on
the body and severe poisoning can occur from the intake of as little as
100 mg/1. He goes on to say that concentrations in most waters suitable

for drinking do not ordinarily exceed 0.010 mg/} arsenic.



- 43 -

pose no real human health threat providing usage is seasonal or periodic.
Long term-year-round usage may pose a health problem. There is some
speculation that the operator of Canyon Campground may use the arsenic rich
well water year round. This needs to be verified and the appropriate steps
taken to advise the operator of the potential danger of drinking the
contaminated well water over the long term.

The July survey of 1977 did locate a groundwater source possessing
an arsenic concentration of 0.840 mg/1. Since people foster the idea that
clear water is drinkable water, it would be good management to inform all
Park visitors that natural impurities do exist and that whenever possible
potable water from Park facilities should be utilized for consumption
purposes.

It is not within the scope of this study to report on the structure
of the biological community of Sinclair Creek. It is worth noting that
arsenic has been reported to be quite toxic to microorganisms and Tower
aquatic organisms (NRC, 1977). It could be that the high arsenic concen-
trations present in Sinclair Creek since the birth of the hot springs
thousands of years ago, are not at sufficiently high levels to affect the
aquatic organisms. On the other hand, the long term effects of exposure
to sublethal concentrations maybe as important as direct lethality, in
that such exposure may 1imit development, growth, reproduction, metabolism
or other physiologic processes (NRC, 1977). If arsenic in the lower
reaches of Sinclair Creek, is sufficiently high to affect aquatic life,
the species presently inhabiting Sinclair Creek have probably developed

physiological adaptations to the arsenic rich environment.
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V. CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

Based on data from the ten month study, intensiv2 surveys and regular

monitoring, the following conclusions are drawn:

Arsenic is present in both surface water and groundwater throughout

the Sinclair Creek Basin.

In the reach of Sinclair Creek above Redstreak Creek,

arsenic concentrations are typically less than 0.005 mg/1.
Between the confluence of Sinclair Creek with Kimpton Creek
and the hot springs, groundwater inflow high in arsenic
increases the arsenic levels in Sinclair Creek from a mean

of 0.003 mg/1 to 0.020 mg/1. Below the hot springs discharge
from the Radium Aquacourt, the mean arsenic level in Sinclair
Creek is about 0.035 mg/1. The three main tributaries in

the basin, John McKay, Redstreak and Kimpton Creeks have

mean arsenic levels of 0.001, 0.005 and 0.003 mg/1,
respectively, |

The inflow to the Radium Aquacourt hot pool has a mean
arsenic concentration of 0.24 mg/1. The hot pool outflow
and cold pool outflow have a mean arsenic level slightly
Tower than this, 0.23 and 0.20 mg/1, respectively. Local
groundwater discharges contain arsenic at levels as high

as 0.84 mg/1.
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correlations. However, when correcting for the arsenic
variability attributed to the log transformed flow, virtually
all the strong correlations of arsenic to the other parameters

disappear.

Arsenic levels in the hot springs were generally found to not
correlate well with most of the other physical and chemical

parameters measured.

The hot pool outflow arsenic levels correlate only with
fluoride levels (r=0,926). The hot pool inflow arsenic
levels correlate only with calcium and hardness, r=-0.882

and -0.874, respectively.

No other statistically significant correlations are evident

from the data obtained.

John McKay Creek, the drinking water supply for Radium towmsite

and for the Aquacourt, is not comtaminated with areenic.

Arsenic concentrations in John McKay Creek varied between

0,0007 and 0.0013 mg/1 with a median level of 0.0011 mg/1.

The Radium hot springs and the poole at the Aquacourt contain
argenic concentrations in excess of permissible comcentrations

for drinking water.

Since neither the spring nor the pool waters are
intentionally consumed in large quantities there is
Tikely no human health problem attributed to the high

arsenic levels,
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It 18 recommended that Park visitors be advised that mountain
waters contain natural impurities and that Park-approved

drinking water supplies be used whenever possible.



-5 -
REFERENCES

Alberta Environment. 1977. Surface Water Quality Objectives. Edmonton.

Aston, S.R., I. Thornton, J.S. Webb, B.L. Milford and J.B. Purves. 1975.
Arsenic in stream sediments and waters of South West England. Sci.
Total Environ. 4: 347-358.

Baird, D.M. 1964. Kootenay National Park - Wild mountains and great
valleys. Geol. Survey of Canada, Misc. Rept. 9, 94p.

Bean, Elwood L. 1974. Potable water quality goals. Journal AWWA. April.

Elworthy, R,T. 1918, Mineral Springs of Canada, Dept. of Mines, Bulletin
No. 20, 173 p.

Goulden, P.D. and Deta Brooksbank. 1974. Automated Atomic Absorption
Determination of Arsenic, Antimony and Selenium in Natural Waters,
Analytical Chemistry, Vol. 46, P 1431-1436.

Health and Welfare Canada (1968). Canadfan Drinking Water Standards and
Objectives. Prepared by Joint Committee on Drinking Water Standards
of Advisory Conmittee on Public Health Engineering and the Canadian
Public Health Association, Ottawa.

Henderson, G.G.L. 1954. Geology of the Stanford Range of the Rocky
Mountains. B.C. Dept. Mines, Bull. 35, 84p.

Hullinjer, David L. 1975. A study of heavy metals in I1linois
impoundments. Journal AQQA. October.

Inland Waters Directorate. 1974. Analytical Methods Manual. Environment
Canada.

Jackson, Robert and Jack W. Grainge. 1975. Arsenic and cancer. Can. med.
Assoc. J. 113 (5); 396-401.

MacKay, B.R. 1952. Geology of the National Parks of Canada in the Rockies
and Selkirks, Canadian Geog. Journal, Vol. 44, No.4, p.170-176.

McKee, J.E. and H.W. Wolfe. 1963. Water Quality Criteria. The Resources
Agency of California, State Water Resources Control Board. Publica-
tion No. 3-A. Second Edition.

National Academy of Sciences. 1974. Water Quality Criteria 1972.
Ecological Research Series, EPS-R3-73-033. Washington, D.C.

National Research Countil, 1977. Arsenic. National Academy of Sciences.
Washington, D.C.

Nie, N,H. 1975, Statistical Package for the Social Sciences, 2nd Edition.
Version SPSSH-Release 6.02.



APPENDIX A \,
DETAILED WATER QUALITY DATA



g™ 0§

1160

LONGITUNE

Sup 37Tk 508

A-1
LATITUDE
MG /L MG/L ME/L

STATION noRCOBNAOOO4
SINCLATR CREFK AY CANYNN CAMPGRQOUND, BRIYISH COLUMBIA

Q0og
000
-0 090

NO N3
—AfAw
f=1-1-1-1-]
(R
[=1-1-1_-1-]

Qs Deel
N ww-C

racnec

NN
~eeen

Lragc
-

MmNoOMo
[ ey

Iuaay
0000

(- - -]

AL Rt d
"Iy
[-1-1-1- 1)
"as .
(=2 -1-T-1-]

nunnno
AIara

—NRCran
it ot et

FiNo 00
e~

—fe N

-

T ONIO

————— -

PH UNTTS PR UNITS USIE/CH

USIE/CH

DER,C

=1-1-3
N3

340
2
0
[]

cCc

- s e am

C—oar
——

© oD )
A woo=C

racrc
Ot

o
~

orag C
-

MNoM o
[y

ca—4HcC
rMANSLALNE
IIIJN

N

Ll )
aeses

sSrac
"ng o

cc <
LI

——n e

NS
Agays

—O.Cwin

———

N 000
e~

-~

v

o OINI O

———fe

MG/L

L=l ]

rr<co
eI

[ J-T 1.1 ]

-3 D
N o0

E- 11— 4
L
L -1-1=1 -]

=0 AW
——CcAg

ECCwiN
O et

N
~e

rEc—n
et ot

o 00 O

e e

241.,0
MG/L

21,3

61,8

76 10 82

!

1§

« e
© 00O

© Ja0

Ll a0
Lt L aed
el

ceewnae
ror-me
IOOo-0

- oonen

=40 NN
——CA.D

a€acCcC—n

Oemeawn

raIT et 7y
-~

rgc—n

-t

o 000

—— w——

L,00)

0,06

203

?.7 172,

76 10 a2

15



A-3

1% 31§

1160

LONGITUNE

SO0 38m 128

LATTYUDE

STATION noACNBNADOOY 2

SINCLATR CREEK AROVE HWNT SPRING POOLS

0

A

R

MN
nG/L

Q[cag
OO0
-9 geae
S0O_Ja3

<

DN O
C omomwmom
[=1-1-1-1_)
®0eee
(=1-1-T-1-]

wnogo3
rrge

-@cac
IO e

DN
BOEES

<crooc
-

MAUND N~
N

L.010

coce
b oten
cCocc
ss s
S d

Savrog
0000
seases

~o oy
—e NN
(2= -1-1-1
(AR K]
Soocoo

OWNNRN I~
MCA N

L ahad ] 4]

St tem ooy

"No0o
~ere~

- A

o*r~nI o

e =\ -

USIE/Ch PH UNTTS PH UNITS USIE/CH

DER,C.

M

“o

"eeaaw
Ir-omMmo
Ladals o Ly ]

L4 -1-]

326
9
2
[}

[4-2-§

cur
IO Y
rocrur

woormy
v

- cac
Lad =L 1 T

WINNN
~e e

Lo
-

MWD M-
A

LN NN
-3 D0
MNP N

r~ryrTa
OF- P D
MNP

~rme
I@mm
e

SNt
reNnen

Novoapn

gt st

N0-00
~eeee

-0
——

or~ngo

-

MG/L

ME/L

~noe N
ses e
I 00 O
e ==

=1 1- 3
U]
OO
T Jnan

OO0 I N
Furene c

(- X =2 X, ¥
O wtotosen

NN
e

rECon

-t

N0~

—— e

212,°2

19,4

53,0

! 76 1t 22

15

a
('Y
a.xr
wua -—
oAxX DN
Mo - OV
[ &=1.3 T
LY 9"y
o
.l
40>
woe—_ -
o0 N
Pl =24 (4
@*Dn h 4
[ )
'Y~
s
D>
N~ N
O O\
—du =0
Do DT
=l
a
L]
[ Lol
2 o
00 "o
oML O
NEo Vo
S XT
cuu
e
9
>
[

Lwrces
s ses e

2k Tl

AP o= D
~oo00
—efufuny

IO
NoPro o
FNO O~

- e

S IO
o

oCcCche—
O esetomtioa

NN
~~er~

M C =

oo~

Le001

0,06

172, 206

76 11 22

15



A-5

LR ¥

116D

LONRITUNE

S¢D 3Ar 288

LATITUDE

STATION AORCNABNAOOTIUY

SINCLATR CREFXK ABOVE JNHN MCKAY CREEX

0
A
R
MN §
MG/L

MG /L

243gee
EXTRALE,
FE

nooC
O etomros
[=2-T-¥3
"eane

oI

o

DN
C =N
[=l={-1-2_}
se0an
L=1=1-1-1-)

OCOr0nn
—CeCa

—C—irc
——————

N
SN

Lo c
-—

N -
[ p—r')

L.010

(-1 -1-1-3
-ttt

A -1 -1 1 -]
e s s a
—dad )

(=1=1-1-1-]
vt oo
[-1-1-1-1-]

seeaese
-

gL g
(-1~ 1-2-1-1
.90 80e
SISO

NG @
AAAAN
[=1-1—2-1-]
sesee
(=1-1=1-1=]

NG ®
E

[ T

o000
~ee

- AN
———

or N3 o

-l

L1 4 o
Ch =
Ne-—-T

MeY

AnP
DATe L;!"E

USIE/EM PH UNTTS PH UNTTS USIE/CH

DEG.C.

<
sesae

Mmovco
U

o«IITC
00O IN
[ATE T gl g}

cw
”en

OOr-NuN
-—C—0Oa

—-Qey C

-t on ot s e

]
~eeee

Lra€oC
-

AN PN~
NN

CRCRC )
ccrMmMO
MM

e ae
thun o o~
e PN

«ssaaee
CC o=

mnNo®
Qe prarn

N =N

oo et we

W09
[ NN

— e

NI O

————f -

“eY

DATEAH’LgluE

MG/L

L L]
asecee
O T
roogo
it Nt

Ne-NCr-~

O~ 1N
Coade

C—Ch—

N
~e

reCc—N

ooy

D -0~

—— wmem

205.%

18,5

51,7

2.4

t 76 11 %2

15

2930%p
LOPPF&
EXTHRLF,

~ vy
o ooo

o 4

oruroa
L0 0O
pompdb P S

LR
ouoar
M No0 00

———

or-nunun
CrQ g

CoeCc e

i

;N
~er

rEC—nN

Stonen

nor-or-

e wmem

1,001

L.0S

161, 196

76 11 %2



1180 SAM 3f§

LONRITUNE

SH0 3AM uSS
SINCLATR CREFK BELNw KIMPTON CREFK (APPROXTMATELY 1, A MILES ABNVE WOBX (CNAMPOIIND)

LATITUDE
MG/L

A-7
HG/L "G /L

noRPCOBNAOOYLG

STATIOV

L =1=1-4 <
———
[-X-T-1-1

IoII
[=1-1-T=}
[ K]
S8 31

o -
NN
cCcccc
[=d=T=2=T-=]
¢ v pee
[=R=l=lsl ]

SO~ oM
ACOecC

C O YN

-

NN
e~

Lra 0 cCc

N O S-
o~y

[=1-1-2 -4
—t et e
CO0C
se s e
P R P |

a33ag9
[=1-2~-1-7-3

segsase
A A9 24

C-NOO
JIenenrny
cCcCCcocC
[=l=f=1-1-]
esv s
[=f~lalole)

ownoown
Y3 c

a3

P ]

o €0
~ere~

- A

orN3I O

- e

DER.C. USIE/CH PH UNITS PH UNITS USIF/CH

SAMPLF

DATE

—Of.20
L Domm
LT ool ]

<
men

28%
9
9

vyaL<cs

oOCA~ DN
ACc=—cC

CCoifNhe
ottt

NN
~ee -

orax 0o C

UND PN~
Ny

sseace
G aa @

oN oo
crrac

o= T Q
-t ot g ot

N0 00
[N NN

- e

-——

or~N3Io

———f—

WG /L

L
MG/L

NA
MR /L

[ ran

O~
om0 0

e bl atal

O -

MJINo0

i ———

Qr-rmoun
cgcocm

e ompl o
o ot vl o= o8

TN I
e

~raE G0

e

OO0 -

- eme

197.A
MG /L

17,0

51,2

2.1

S0

1 76 11

15

M -
o000
cccoo
cesee
—cc i

wuir
Qoo
e eae

- )

0,06

mnanNCIn
saseass

JUOLTN

LG =4
SODCO

- ———

R
VOV r~O
MInno

OO
oQcomm

C o=
—tetwt v

wninnrwn
~e e~

X C—0

———

NoOr-o i~

1,00

L.0OS

196

t.0 161,

K0

1 76 11

15



A-9

118D S7+ 3¢S

LONGITUNE

LATITUDE 500 38m 428

AORCOBNADOLS
SINCLATR CREFK OPPNSTITF OICNTC SITE ABAVE KIMPYDN CREEK

STATIOM

3
6
T
MN
MG/L

cccccoc
ot s ot e
cCccccoc
saeacs
—d d e ad

[ Y11
e ]
(-1 -1-1-]

aesas
L - B |

Saaw
(=4 =1-1-]
saepe
S |

<

L.0y

L =1-1-1-]
.t o
cCOoco
es e

RS P |

—aIaa

NOoOOoOOO
(XXX

o1

-y a Qe
muoMo
cCcccc
(=g =lel-To]
LI )
cCoQcoo

onoox
ARIJCC

Lala SR

—— e

waNno 00
~erere

N =—Aw
-t

orn3o

e -

TIvE
u§Y

SAMPLE

DATE

USIE/CH PH UNITS PH UNTTS USIE/CwH

DER, ¢

esaaae
o NN
-t oINS

Lcoar
3o
e

©occ

275
8
Q

"o

ve
aseaan

r~o<x<ca

OG- O
Ch Coe

€C M-

Senctwtee

N
e

Lo c
-

N UNO FP-
NN

Psees
xC-Ng
N g

vao g
II~-No
[aal gl gl gl g}

SN oo®
AScce

M NN

ot ot ot o

Wooo
~ e~

-t

———

o~ NT D

——— e

TIme
MST

SAMPLE

DATE

MG /1.

Ll 1 ]

DR
oMy
ne-~r~0o

————

[Tal gL -1 -1 o]

g~

-ttt e

o nown
RCen:

St

o ot e

NN
e~

rOC—n

e

oMo

— e

206,

18,1

52.7

2.?

Te 12 no

15

SAMPLE

DATE

ug

- e
(=] =1=-T~1-]
coooc
sessew
- 0

L wuuw
<o cocCc
s s e

.
[~ QP P i |

cocar

wn~o oo

LR
00N
"IN O

- —

N nown
ANC Ay

O
oot o

NN
~eere

"o C—f
e

nNoe-or i~

— e

Le001

L.0S

"

196

1,m 164,

76 12 no

1

1S



A-11

2w 2ag

LONGITUNE 114D

38

SID 3AM

LATITUDE

Y1RCNBNAODNR

STATIQWN
RADIIIM HOT SPRINGS = CALN POOL QUTFLNR

§

¥

T

$
MG/L MG /L

0
0
R
FE
MG /L

SAMPLF

Ds ¢
M

[=1-1-T-]
ot ea oy
L=1-1-1-3
es s
—bad

|93
L-1-1-1-]

LI AL B

O~ R
N—tury
LB BN I
oooco

wunmoge-
reoon

~TNAI0
O O

[ Iry
~e -

oo c
-

"UNDN O
N

L.0S0

Ccoo
L tala)
cco

aes

S Cemifn

CCoo
"4 oa
——CoC

~oq

Ll LT
(K]
[=1=1-2 1

co0ox
Noooaos
L ]
cooo

o

Qe

ANCwpn

———

Winoo
e~

- -

——

oy

-y

SameLF

DATE

USIE/CH PH UNITS PH UNITS URIE/CM

DEG.C,

M

- ..
cInNInne
Tr3I3o
N R

LTS
seases
[ NN

98n
opn
990
97s

cc

«eaewae
«r- o0 a
NN

winrMne~
wrocgon

-0 a0
O e

nnnan
~

orx o C

MMUND N O
N——n

®e 0w
wncamn
oo
ARAMr

noa<

8
[}
9
7

adoa

734
77
102

N ony

-

NS -,

ot

nmnoo
~eee

-—fen

-

oring
———n

MG/L

MG/L

rocoo
" s eew

0 ¥I0
NN

"enwn
NooOoM
O NN

o ——

Ve run
cTon-—a

ononC
O Qenes

rvunuwn
[T

rE C—n

ot

N0 OO~

e eme

a71,2

35,0

131,

2,5

13.%

T6 11 16

15

SAMPLE

DATE

MG/L

[Jcmn
o

==
=1-1-]

0,25

SoNDY
s esecn
nogog
N3 N

~e e
raoooco
- =N

eesees
N oe
IFWNOrr

e~ run
COf-o

ononc
(=T T= P g

NN
~r e

A CcC—n

-t

NO 00~

—e  ew

36,2 0,14 L,001

207

170,

1 76 1t 16

15



APPENDIX B
WATER QUALITY DATA SUMMARY
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