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Executive Summary

The three major river systems that run through Newélland’s most urbanized
region are susceptible to road salt input fromestranoff. Being highly productive trout
rivers, this is a potential concern for the aquatiosystems in which they thrive (Gibson,
2006). The rivers were sampled, analysed, and cadpaith corresponding reference
sites during the icy season to determine the exdéntoad salt contamination. The
consequent results showed that salt was defingielgring the aquatic ecosystems during
the winter. A proportional link between specificndoctance and sodium concentration
was also established during the testing periodwels as an estimate of approximate
chloride concentrations present in the sampless Téaport details the results of the
testing and provides interpretations and infornrmatim the potential consequences of
road salt contamination within the rivers, whilsmamaking recommendations on a better
management plan for winter road salt applications.
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1.0 Introduction

Winter in Eastern Canada can be cold and ofterstemtlie snowy. These subzero
conditions can cause hazardous ice to form on mgres of surfaces, such as roadways
and parking lots. In the interest of public safgtyblic works crews on Newfoundland’s
Avalon Peninsula are frequently challenged to kasphalt surfaces ice-free, as its
typical winter climate often experiences repeatighthawing followed by a refreezing
period. As this region is also the most denselguteted portion of the province of
Newfoundland and Labrador, its roadways are suliigdhe heaviest traffic use. To
combat the slippery conditions, municipalities hal®sen road salt and sand as the
primary means of de-icing and improving the ovetalttion for vehicles. The salt has
proven to be fairly efficient and cost effectivenraking the roads safer for winter traffic,
ensuring a lower risk of ice-related car accidemd any ensuing lawsuits. Although road
salt may be the product of choice that is usedetepkroadways and parking lots free of
ice, it has been placed on t@01 Canadian Environmental Protection AGEPA),List
of Priority Substancesn 2001 (Environment Canada, 2001) as a harmfxihtaipon
entering the environment.

Once applied to roads and parking lots, salt cailyeleave these surfaces in the
form of run-off and contaminate the surrounding soid waterways, destroying habitat
for both plant and aquatic life. There is also pla¢ential for groundwater contamination

Photo 1:Outline of excessive salting on Hayward as well. One of the main problems is
Avenue. This particular spillage was about threethe method of delivery, in that too
to four days old and subjected to melt water. much salt is often applied at times

when it is not needed. The current
method of applying the salt needs to be
reevaluated to ensure it has a minimal
impact upon the environment. A

“greener” method of producing safer
winter driving conditions could be

adopted to protect vulnerable
ecosystems at risk. This report shows
that salt does enter the urban river
systems of St. John’s and Mount Pearl
in the cold season.

1.1 Scope

This study concentrated on determining whether rgatt is entering the
Waterford River, Leary’s Brook, and Virginia Rivduring the icy season, and whether
the amount of road salt may at times be at sufftcgpiantities to pose a risk to aquatic
organisms. It is possible that other substancesecaer the rivers through the same



pathways. The study attempts to establish a cdioeldbetween conductivity readings
and measured sodium levels in the rivers to aidlemeloping a simpler method for
carrying out any follow-up salt loading studies.n®o preliminary literary research
regarding the known toxicity of road salt was coetdd to strengthen the basis for need
of this baseline research as well.

2.0 Background

Road salt has been used in Canada as a deicgiaxamately 70 years. In other
road applications, it is also used as a dust seppre (Environment Canada, 2001). As a
deicer, road salt acts by dissolving water in tbeuanulated snow or ice. The salty brine
that forms is effective in lowering the freezingnigerature of the water and thus enables
the bond that forms between the road surface amdcénto weaken or break (Riversides,
2005). The change in freezing temperature and teekened surface bonds would
essentially cause the ice to melt away, and anyoledr slush would be much easier to
remove with snow clearing machinery.

2.1 Physical-Chemical Properties

Road salts are made of chloride ionsGnd an associated cation — the
predominant being sodium (Nabut calcium (C&), magnesium (M%) or potassium
(K") are also present but in decreasing amounts. fitieclamping agent, ferrocyanide
salt, is commonly mixed with road salt as well (&sides, 2005). Since chloride ions are
fairly stable and do not easily degrade naturdhgy are able to retain their form in the
environment. Thus, chloride ions, introduced thtougad salt and transported though
runoff, tend to reach surface and ground waterh iitite attenuation. This often results
in increasing the Clconcentration well above the water’'s natural Ilsv@iversides,
2005).

As a salt, Clcompounds have certain properties that make thead fdr use on
icy roads in particular conditions. Sodium chlor{@&aCl) is the most common deicer in
North America. Although pure NaCl is made up of @mmately 40% sodium and 60%
chloride by weight, road salt tends to be less et up to 5% of its total weight may be
comprised of various trace elements, such as sylgihosphorus and nitrogen; and
metals, such as copper and zinc. On roads, NaChhasrsatile working temperature
range of between 0°C and -15°C (Environment Cariz@fad).

Calcium chloride (CaG) is also commonly used in some regions, and isrgkc
in usage to NaCl throughout North America. It iscathe most popular chemical agent
used for suppressing dust in Canada (Environmentzm 2001). It is very useful in
liquid form not only for its aggregating properties dusty roads but also for pre-wetting
of sand or salt to produce a more efficient mednseocontrol on winter roads (Donahey
T. J., and Burkheimer D. 2006). When salt is pré-wi¢h liquefied calcium chloride, it
has a much better chance of sticking to the roafhse, making it much more effective



than dry salt, which could easily be blown awaythy wind, or swept off by traffic. This
would minimize the amount of salt needed to effexyi control road ice. The solution
also ensures that enough moisture is present to tielice when temperatures drop
below the freezing point (Donahey T. J, and BurkieziD. 2006). When used in its pure
form, CaC} has an effective working temperature of less #2&3C, which would serve
useful in parts of the country that experience cadtg winters. However, the NaCl/CaCl
brine mixture has a higher working temperature ludua -12°C, which would make it
suitable for more coastal regions that do not eagpee as cold winters (Environment
Canada, 2001). Although it is not widely in usedanada at this time, the amount of
brine mixture used on roads for deicing purposesxjgected to increase in the coming
years as more municipalities and businesses beagiexperiment with pre-wetting
methods (Environment Canada, 2001).

Other potential road salt compounds could includgmesium chloride (Mg@)
and potassium chloride (KCI), however both arelyamsed in most parts of Canada, as
they are expensive substitutes (Environment Car2@ai). Although little information
is available on its use as a road deicer in Canslgi&;l, has a working temperature of
about -15°C and is more soluble than NaCl. Whil&€Nean be pre-wet with Mggto
provide a working temperature of less than 15°Crevlmeeded, it is not known to be in
use in Canada (Environment Canada, 2001). Potasshlonide is used even less than
MgCl,, but occasionally potash mine tailings have bessdwon certain roads in Canada,
although the KCI content is generally quite lowthwihe majority of the brine content
actually being NaCl. The most effective working terature of KCI is close to -4°C
(Environment Canada, 2001). While currently beisgdias a dust suppressant on dry
roads, the brine formed from oil field operatiomuld also be potentially used as a road
deicer, since the liquid essentially contains ddr sodium, calcium and magnesium
(Environment Canada, 2001). However any of thed@mg could potentially contain
particular contaminants, as the elemental sourcegdanot be guaranteed to be pure.

One additive in particular, which is often presentoad salt, is ferrocyanide. This
substance, which is found in the forms sodium faramide and ferric ferrocyanide, is
sometimes added to prevent the road salt from dlugngue to moisture present in the air
during storage and road application (Environmenmdada, 2001). These solid forms can
break down to the relatively harmless ferrocyaradéon (Fe(CNy") in water, but the
new ion can undergo other chemical reactions, eithelating with transition metals in
the water to form precipitates, or photolysing imedt sunlight to form harmful free
cyanide ions (Environment Canada, 2001).

2.2 Sources

Chloride salts enter the environment from many m@tand anthropogenic
sources. Naturally, these substances are releagetydhe weathering and erosion of
rocks and soil from precipitation and groundwatewf (Environment Canada, 2001).
The runoff that forms during precipitation, or combus fluvial processes, can then
transport these salts to other locations in therenment, such as water bodies and soils,



away from the source material. Coastal areas camrakeive salt spray and mist from
wave action along the coastline (Environment Can2081). When used as a deicer,
chloride salts can contaminate surface water, aaid, groundwater through road runoff,
as well as runoff from salt storage depots and sdeposits. Road salt can also become
airborne on dry days from wind action, as well amg sprayed into the air by vehicle
tires (Environment Canada, 2001). In addition tdured weathering processes and
intentional road application, salts can also emiter environment unnaturally through
industrial discharges. Petrochemical and other at@meffluent tends to contain
inorganic chloride salts, as well as the wastemfgas manufacturing and acid mine
drainage. Domestic sewage can also contributectoellease of salts into the environment
(Environment Canada, 2001).

2.3 Impacts

In nature, a watershed essentially drains the fufiofn the land into river
channels, which end up in water basins, such as)ak in other rivers, and eventually
discharges to the sea. Due to the flat, non-pomhearacteristics of asphalt roads,
overland flow from precipitation and melt water igagransports chloride ions away
from the roads and into the environment where eyt they are discharged into
waterways. Chloride ions also infiltrate the grouatd are transported though
groundwater flow contaminating aquifers as welsadace water (Riversides, 2005).

Road salts that enter surface water can be toxXrestiwater plants, fish and other
freshwater organisms (Environment Canada. 200Badtbeen demonstrated that in high
enough concentrations chloride can be lethal toynfeeshwater species (Riversides,
2005). Road salt significantly disrupts the growthvegetation by directly harming the
plant’s cells osmotic balance, thus hindering thents ability to absorb water and
nutrients, and causing a reduction in root groRivérsides, 2005). Microorganisms and
other soil species can also be harmed indirectlgnvoil becomes contaminated with
road salt because the salt changes the soil's claéamd physical properties, such as its
conductivity, permeability, and osmotic potentialtering the conditions necessary for
certain species to survive (Environment Canadal00

The tolerance of different organisms to variousssaiices, such as road salts, is
dependant on the species (Environment Canada, 26than beings tend to have a
higher tolerance to certain substances than managti@gspecies, thus the né&vanadian
Environmental Protection Actefinition of an acceptable exposure limit foreagon may
be directly or indirectly harmful to an organism aquatic ecosystem (Environment
Canada, 2001). Acute toxicity has been shown tarorcaquatic organisms exposed to
very high chloride concentrations during laborattasting, whereas chronic toxicity was
estimated to begin at significantly lower concetbrzs of about 210 mg/L,T@ble 1
Evans and Frick, 2002). These elevated concenmisatiwere shown to increase the
bioavailability of metals as well as affect the sliéy gradient in lake systems, changing
the availability of oxygen and nutrients at pad@wdepths (Evans and Frick, 2002).



Table 1: Cumulative percent of species affected by varyingric concentrations of chloridgrom
Environment Canada, 2001)

Cumulative % of Mean Chloride Lower Confidence | Upper Confidence
Species Affected | Concentration (ppm) Limit (ppm) Limit (ppm)

5 212.6 135.9 289.5

10 237.9 162.3 313.6

25 328.7 260.2 397.2

50 563.2 504.8 621.7

75 963.7 882.3 1045.1

90 1341.1 1253.8 1428.4

Recent studies have shown that road salts cant @aeestrial mammals and
birds. They are attracted to the salty roadsidehdg, increasing their chances of
collisions with automobiles, or becoming poisonednf drinking the salty water
(Riversides, 2005). These animals can also betatfdry habitat loss in areas affected by
excessive salt use, due to a reduction in vegetatwvering, subsequently resulting in a
reduction of food sources, shelter, and breedingesting sites (Environment Canada,
2001).

Due to its high susceptibility to photolysis whensolution, the ferrocyanide salt
additive in road salt releases toxic free cyanidesj which quickly form hydrogen
cyanide (HCN) (Environment Canada, 2001). Sincedhens and compounds are highly
toxic to aquatic life, the effects of ferrocyanidee considered a part of the road salt
assessment (Environment Canada, 2001). Howevepitld also be noted that cyanide
ions are easily chelated with various metal ioresent in the water and thus tend to form
back into stable complexes, such as the precipitatec ferrocyanide. Sulphur also is
able to oxidize cyanide into several harmless for@anide can adsorb to the surfaces
of clay minerals in water as well, rendering theannhless to aquatic life (Environment
Canada, 2001).

While road salts have no known toxic effects on ans) they can threaten the
potability of drinking water supplies, particularip terms of how the water tastes
(Environment Canada, 2003). This happens most oftenpeople who rely on
groundwater and well supplies when salty watettrates though the soil (Environment
Canada, 2001). The loss of a clean drinking watpply, such as when tainted with salt,
can lead to substantial human impacts, as peofdetadl would have to find a new
drinking water supply (Riversides, 2005).

2.4 Application and Loadings

At the time of publication, it was estimated by Eomment Canada (2001) that
about 4.9 million tonnes of road salt are typicaljyplied nationwide every year. More
than 60% of this, or approximately 3.0 million t@sn is made up of chloride. Due to
having the most roads, Ontario and Quebec recéigehighest loadings of road salt



annually, however more is applied to roads in tti@mic Provinces than in the Western
Provinces (Environment Canada, 2001).

Through their comprehensi&alt Management Plag2005) the City of St. John’s
outlines the methods used in spreading salt. Esdlgrihere are specific spreading trucks
that utilize a more advanced technology, one tlet®nically controls and records the
amount of salt being placed in a given locatiomrat given time, no matter what speed
the truck is moving. This technology has been pnaeeeffectively reduce the amount of
salt applied to the roads during winter while stilintaining an ice-free status. It also
serves the purpose of identifying when too muctoorlittle salt has been placed, so that
adjustments can be made for future applicationslithuhally, trucks capable of applying
liquefied NaCl brine have also begun to be integfanto the City’s deicing fleet in an
effort to decrease the amount of salt placed omahdways per year while increasing the
overall efficacy of the salt’s ability to reducei¢City of St. John’s, 2005).

Photo 2:Close-up of road salt crystals on Hayward Avengenfimproper application. Note the clumping
effect of the excessive salt covering the pavement.

3.0 Methods

3.1 Sampling

Water sampling for the Road Salt Loadings projegan in November 2005 and
continued until April 2006 with sampling taking p& at regular two-week intervals.
Water samples were collected in three prominerdmuriver systems:

The Waterford River; The Virginia River; and Lea\Brook.

Five stations were chosen along each river systara 4t the headwaters, one at
the mouth and three along the length of the riystesn). Digital images of each site are
included in Appendix A. The study was designeddampgle from the headwaters to the



mouth of each system. In all cases, the headwtdgorss were located in areas where
there is little development and thus should notehbeen significantly impacted by the
application of road salts. As the three river systerun into the urban area there is
significant development and the potential of imp#iom road salts applied to nearby
roadways during the winter months is greatly inseeia Additionally, when establishing

the stations along the length of the river systdmes |ocation of major parking lots were

taken into consideration. In most cases, the statadong the length of the river systems
(with the exception of the headwaters and mouthosts) were situated upstream and
downstream of major parking lots. This was doneoider to take into account the

application of road salt in parking lots where thes concern that a very different
practice of deicing is exercised than in the apgpion of road salt to city streets. The
following table Table 1) identifies the selected sample sites.

Table 2: Selected sample sites along each river and thescrijgtions.

Waterford River Virginia River

Leary’s Brook

Reference Siteat Reference Site: at

Reference Site: at

Site #1 headwaters in Bremigan’s headwaters near top of headwaters near Outer
Pond Firdale Drive Ring Road
. . Upstream Site:(a) at
Upstream Site: Upstream Site: P , @
Site #2 Donovan’s Industrial Park p L ff Torb Vatcher's Garage, (b) at
near Corisande Drive enney Lane toff Torbay Pippy Place in Leary's
Road) Industrial Park area
Parking Lot Site: at th Parking Lot Site: at th
Parking Lot Site: at the ar m_g ot e a _e arking Lot SIte _a ©
. L _ Fall River Plaza parking  Avalon Mall parking lot
Site #3 Piper’s parking lot (on . et
lot (below Wedgewood (along Prince Phillip
Commonwealth Ave) . .
Clinic) Drive)
Downstream Site I: Downstream Site I: Downstream Site I: near
Site #4 Brookfield Rd. adjacent to below crossing at the Canadian Blood
the ball field Newfoundland Dr. Services building
Downstream Site II: Downstream Site II: Downstream Site II:
Site #5 towards the mouth of the towards the mouth of the Health Sciences area

(before entering Long
Pond)

river (near Royal Legion
on The Boulevarde)

river (across from
Michelle’s Bakery)

When sampling, standard protocol established byPtlowince of Newfoundland
and Labrador Water Resources Division was follotzednsure that the best quality and
most accurate results were achieved during tesfihg.pre-washed bottles and lids used
were made of plastic and were rinsed with riverav#itree times each prior to obtaining
a sample in order to minimize the chances of angtazoination. Also, a random
triplicate sample was taken at one sample sitengueach sweep to ensure that the testing



methods were working properly. Where possible stmaples were obtained with the use
of a sample nabber, which is essentially a pivotiugket on an extendible rod, or a
bucket tied to a rope. This method greatly aidedh sampling process in terms of
increased safety and accessibility.

3.2 Lab Analysis

The element sodium (Na) was measured analyticadipgua Flame Atomic
Absorption Spectrometer (FAAS). The FAAS techniquas a very useful method in
accurately determining the concentration of sodimmthe samples. Before use, the
machine was calibrated with a blank of nanopureewaind subsequently with four
standardized sodium solutions. As the sodium cdragons were expected to be higher
in the samples than in the standards, the sammes dvuted before being introduced to
the FAAS unit so an accurate concentration coulddiained.

When the sample is analysed it is drawn into amrasp, which directs the water
into a nebulizer chamber, where an air/acetylendure enters at high speed and breaks
up the sample. The small droplets then hit a shedld or impeller and break down into
smaller water particles. In an aerosol form, thea#icles are then drawn through the
burner head into the flame, where they are theantisdly atomized in temperatures as
high as 2300°C. The atoms then come in contact tivélNa cathode ray source light, set
at a particular wavelength, and a monochromaton tiselates the sodium analyte
photons from the rest of the mixture and scattamgamted light produced from any other
elements present. The isolated light waves fromstitium are then finally sent to the
photomultiplier tube where the resulting intengépsorbance) of sodium photons in the
sample is detected. The concentration of sodiutheénsample is directly related to the
absorbance and is thus calculated by the FAAS&rmial computer at the end of the
process.

3.3 In-Situ Analysis

The conductivity measurements were obtained thrahghuse of a high tech
multi-parameter water quality monitoring sonde @dlla Hydrolab Minisonde. The
Department of Environment and Conservation, Watesdrrces Division regularly use
this type of equipment and generously permitted use of one Minisonde for the
purposes of this study. The sonde was calibrated) asstandardized method before each
sampling sweep to ensure the results were consisteth accurate every time. The
Minisonde operate-situ, and collects real-time water quality data witlsexies of
sophisticated sensors, one of which measures tguctvity parameter. It then displays
the measurements on an LCD panel. A Horiba comgmole, kindly loaned by the
Marine Institute Department of Fisheries chemisaty was also utilized in an identical
manner on days when the Minisonde was not available



3.4 Statistical Analysis

The statistical analysis of the raw sodium valuasned the main method of
interpreting the data. Because the data were alhdao be non-parametric through a
Ryan-Joiner test, other statistical steps were ntake conduct two-way Analysis of
Variance tests (ANOVAs) on the data. The two-way GAWMAs revealed statistically
whether there was a significant difference in thdism concentrations at one site with
another. These particular tests were very usefutlatermining whether there was a
significant difference between the reference sitd the other sites, which could then
potentially indicate an anthropogenic input or ai@of salinity within the system away
from the reference site. Simultaneously, the twg-Wa&lOVA also determined whether
there was a difference in the amount of sodium timpuhe different sites depending on
any particular date, while taking into account ttlata means. A simple Pearson
correlation test was performed as well to deternwhether the specific conductance of a
sample was related to a particular concentratiorsamfium. All statistical work was
performed on computer software called Minitab{2998).

4.0 Results and Discussion

This section will serve several purposes in deteimgi whether road salt enters
the rivers during the winter months; whether thisr@ny potential impact that would
result from this; mathematically determining thegartionate amount of chloride in each
sample; and establishing a probable correlatiowdset conductivity levels and sodium
concentration. Determining the levels and the pakmmpacts were achieved by the
analytical and statistical interpretation of thenpée data means of sodium and also of the
mathematically derived chloride concentrations. Ebdium — conductivity correlation
was derived from a simple side-by-side statisticahparison of both data sets.

The interpretations made took into account thassiedl and analytical contrast
of the mean concentrations of sodium in the dowastr stations (derived from the raw
data fromAppendix Cpresented irAppendix B to the concentration of sodium in the
reference site (site 1). The analytical and sia#iktinterpretations were often made
independently of one another, and raw data predentthe appendices was often taken
into account as well to make the most compreherenadysis and interpretation of the
results possible. Derived mean chloride values wepared with a known toxic
concentration obtained from unique scientific stsdiEnvironment Canada, 2001, Evans
and Frick, 2002) to establish whether the loadinghe rivers were potentially harmful.
Additionally, geographic features of the sites weleen into account when interpreting
the data in individual cases, such as a site’squéat proximity to a road or parking lot.



4.1 Sodium (Na) in the Waterford River, Virginia Ri  ver, and Leary’s
Brook

Sodium was detected at every site on every riveinduevery sampling date.

Near equal concentrations between the headwaterghendownstream sites on each
river on the first sample date were found just befwinter road salting had begun for the
season. However, the Na content began to increafieei downstream section of each
river thereafter. The sodium levels in the headwsites remained fairly stable over the
sampling period. Since the rivers flowed throughudman area, thus passing under and
adjacent to roads and parking lots, it would beeeigd that sodium levels would rise
over time, especially if road salt were being aggblduring that time. Although it was a
relatively mild winter, there were periods in lak@nuary to late March when there were
more frequent and sustained snowfall and freezergpgs. This is reflected in the results
as the sodium content spiked several times in midte winter, reaching a peak loading
in mid to late March. The following graphs showgéencreases and spikes in each of the
rivers with their accompanying statistical inteptens, where “upstream” represents
the headwater or reference site (site 1), and dogvfistream” corresponds to the mean
Na value of all sites downstream of site 1 for eaedr on a given date (sites 2 — 5).

Figure 1. Data means for sodium (Na) in ppm in the WaterfRieer showing the upstream vs. the
downstream sites.
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As seen by the Figure 1 graph, the Na concentti@stly increased in the
Waterford downstream by the middle of March. White levels in the headwaters
remained at 10 ppm or less at that time, the dowast levels averaged from 352.5 ppm
on March 18 to 312.5 ppm on March 8qderived from the raw data frodppendix C;
presented inAppendix B. This was the time of year when the most snow had
accumulated but had also begun to partially meltickv probably indicates much road
salt had been sequestered in the snow banks fremiops months’ salting and released
in higher amounts when it began to melt during Waemer daytime temperatures and
increased sun exposure. Salting also continueaki pplace in March, which would have
added to the increased loadings into the Waterford.

The results of the two-way ANOVA for the upstreammdadownstream
comparison of the Waterford’s sodium concentratiith respect to the sampling dates
showed that the loadings were significantly higherthe downstream samplep €
0.009 versus the reference samples, but that the difter did not relate to the sampling
date in terms of the whole sampling peripd=(0.5569. However the test did suggest that
the dates March 1% March 3, and to a lesser extent January' 1%ere important in
terms of a relative increase in sodium input.

Figure 2: Data means for sodium (Na) in ppm in the VirginigdR showing the upstream vs. the
downstream sites.
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Similarly to the Waterford results, the sodium cemication in the Virginia River
downstream greatly increased in March relativenofirst month’s concentration and to
the values of the reference site in any mofigyre 2. While the Na in the headwaters
remained stable at an average of about 2 ppm @ntbnth of March, the downstream
sites had average concentrations of 169.00, 18Ga@@, 193.75 ppm Na for each
consecutive sampling date in March (derived fromm thw data fromAppendix C;
presented ippendix B. While these values were not as high as thoskeeWaterford,
they still represent particular salt loading eveintshe Virginia River, whether due to
melting of contaminated snowdrifts, or to saltydeanoff.

The results of the two-way ANOVA for the upstreammdadownstream
comparison of the Virginia’s sodium concentratiomsh respect to the sampling dates
showed that the downstream means were significdglyer than in the reference mean
(p = 0.002 but that the difference did not relate to the glimg date in terms of the
whole sampling periodp(= 0.534. The statistical analysis did suggest, howevet in
regards to a relative mean sodium increase, tresddarch 1, 15", and 38, and to a
lesser extent January@nd February fwere important.

Figure 3: Data means for sodium (Na) in ppm in Leary’s Brebkwing the upstream vs. the downstream
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The mean sodium concentrations in the downstreastioseof Leary’s Brook
rose and fell in a similar fashion to those in YMaterford and Virginia Riverdgure 3,
such that the Na again peaked at the Maréhtashe March 36 mark, with mean values
of 223.2 ppm and 210.4 ppm respectively (derivedhfthe raw data fromMppendix C;
presented irAppendix B. As well as in the other rivers, the upstream dodnstream
mean values were nearly equal during the first $iagpplate, and the downstream values
rose thereafter relative to the reference conceoti® again showing the smaller peaks
at January 17 and February 4 However, it should be noted that on March3be
reference site showed a small spike in Na concegmtravith a value of 26.0 ppm, and
this may have been due to the fact that this sae actually located on the upstream side
of the Ring Road, thus there may have been sontamamation at that time.

The two-way ANOVA results of the upstream and dawa@n comparison of the
Leary’s Brook sodium concentrations with respecthi® sampling dates again showed a
significant difference in the downstream means u&ithe upstream, however again did
not necessarily relate to the sampling dates imgeof the entire sampling period.
Although in the same regard as the other two rjties dates March $5and March 36,
and to a lesser extent January"lahd February 1% were important with regards to
higher sodium loadings.

4.2 Calculated Chloride (Cl) concentrations in the Waterford River,
Virginia River, and Leary’s Brook

The purpose of this sub-section is to graphicallpvs the concentrations of
chloride (proportional to the amount of salt-asatemd sodium) present in the rivers
(Appendix B, and to compare the mean results with a scieatifi derived value of
chronic toxicity (Evans and Frick, 2002). The amsuof sodium found in the rivers at
any point in the initial sampling stage before wmtoad salting began were minimal
enough to be not of significance when deriving dde concentrations associated with
salt (NaCl). Thus all sodium values were considéoeoe associated with road salt in the
sampling sweeps that took place during the saleigod. This was taken into account
when determining the concentrations of chloridéhensamples.

Although sodium loadings in river water are notmaly associated with aquatic
toxicity or stress, chloride in river water has he@®Emonstrated to have negative effects
on freshwater aquatic species and ecosystems (Ement Canada, 2001), and a study
by Evans and Frick (2002) has shown that a steahgcemtration of approximately
210ppm CI will start to cause chronic toxicityaple J.

The following graphsKigures 4, 5, and 6show the mean amounts of chloride
associated with road salt in the samples. They slsaw clearly the level at which
chronic CI toxicity occurs. It should be noted thia¢se graphs have trends identical to
those (above) showing the mean sodium concentsgtand is due to the proportionality
of the two parameters.
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Figure 4: Derived data means for chloride (Cl) in ppm in iNaterford River showing the upstream vs. the
downstream sites against the chronic exposure bfri210 ppm CI.
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As shown by Figure 4, the mean chloride levelshim \Waterford River exceeded
the minimum chronic exposure limit on three sanglccasions, and nearly met it on at
least one other. Essentially, as what was indicatethe corresponding sodium chart
(Figure 2, Figure 5 demonstrates that there were excessivéoadings to the Waterford
River in the month of March and also in mid Janu&articularly in mid to late March,
the chloride concentrations were more than doubée limit specified, indicating by
Figure 1 an exponential increase in toxicity dueotd salt loadings at that time.
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Figure 5: Derived data means for chloride (CI) in ppm in Wieginia River showing the upstream vs. the
downstream sites against the chronic exposure bfri210 ppm CI.
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Figure 5 shows lower chloride levels overall in tieginia River than in the
Waterford Figure 4), but portrays the same trend in that the chlogdacentrations
exceeded the minimum limit of chronic toxicity ihet month of March. A level of
scientifically derived toxicity associated with Heeexcessive concentrations is found in
Figure 1. However, since much less salt entered/tlggnia River in the first half of the
winter, chloride was not a problem until the begngnof March.
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Figure 6: Derived data means for chloride (Cl) in ppm in LgarBrook showing the upstream vs. the
downstream sites against the chronic exposure bfri210 ppm CI.
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In the same trend as in the Waterford and the NiagRivers Figures 4 and j
Leary's Brook Figure 6) had an increase of chloride in the month of Mathat
exceeded the minimum level specified for chroniadity in Figure 1. Again, not enough
road salt entered the Leary’s system to be of aonicethe first half of winter.

4.3 Correlation Established Between Conductivity an d Sodium

It was noted in the raw datAgpendix ¢ that as the conductivity values rose in
each sample, so did the concentrations of sodiuthersame samples. It was established
through a simple statistical analysis that thessiomences were proportional, due to the
fact that all the derived p-values in the downstresamples were zero. Thus, there was a
direct correlation between conductivity values aodicentrations of sodium within the
samples. This information would be useful in futdests as ann-situ conductivity
reading in the winter months could indicate a prtipoal increase of sodium, and thus
could be interpreted as an increase in road salt.
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5.0 Conclusions

It has been determined that road salt is entehagity’s river systems during the
icy season in the form of runoff. The headwatetsssproved relatively unaffected, but
the sites that were near and downstream of majddinualots generally experienced
higher concentrations during the salting period$ie runoff originated from roads that
had been salted, and entered the rivers eithectiyirtirough storm sewers or indirectly
through overland flow. It was also speculated friomdings in the literature review that
road salt could be entering the aquatic systenmugtr groundwater flow. As a note, it
was also hypothesized that if road salt originatnogn roadways could enter surface and
groundwater systems through runoff, then any otyyge of contaminant present on the
road at any given time could also be transportethése waterways in the runoff at the
same time.

The literature review provided evidence that roall s potentially harmful to
aquatic ecosystems and even terrestrial ecosystéms, since road salt had been
determined to be entering the three urban rivesa Hyuatic organisms could effectively
be at risk. This was easily backed up by compathedchigh values of chloride calculated
from some of the samples with a scientifically ded minimum chronic value of toxicity
(Evans and Frick, 2002). Essentially it was detaadithat each river was potentially
under considerable stress for the month of Maral, @ertainly at risk of being under
stress in late January and early February as well.

In addition, it was established that the speciftmductance detected in the
samples was statistically proportional to the cotragion of sodium measured in the
same samples for the winter salting period. Thisildide particularly useful in future
sampling projects in terms of minimizing lab coste&l data-collection.
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6.0 Recommendations

Continued monitoring is needed to further assespttential harmful effects that
salt may have on aquatic ecosystems and asso@egedisms. For example, fish and
invertebrates could be further examined in termshefr species diversity, population,
and overall health, and even vegetation could beiest! for similar effects. Additionally,
although road salts have been placed orPiterity Substances List Assessment Report
(Environment Canada, 2001), there are no federat@mmental water quality guidelines
or application guidelines associated with road @ttvironment Canada, 2006). A final
study needs to be conducted to officially show riieimum concentration of road salt
needed to cause harmful effects to aquatic ecangstand species in order to establish
such a guideline. The Province of British Columbias taken independent steps to
establish ambient water quality guidelines for readt (Sierra Legal Defense Fund,
2006), however there needs to be a nation-widetesfo that appropriate standards can
be set.

Also, continued action from Non-Governmental Orgations (NGOs) and
citizens groups that pressure governmental agemnciesduce or regulate salt usage is
recommended. For example, the NGO Riversides Stishgr Alliance has recently
requested that the Ontario Ministry of the Envir@minrevoke a certain regulation (Reg.
339) in the Ontario Environmental Bill of Rights9@3), which essentially exempts road
salts from actually being a contaminant under CEP®01), and prevents the issuing of
Certificates of Approval with regards to salt staapplication and disposal, both of
which would contradict the current literature exgs@d in thdriority Substances Lisin
road salt (Sierra Legal Defense Fund, 2006). Irceplaf Reg. 339, Riversides has
requested the phasing in of a mandatory federal szt management policy (Sierra
Legal Defense Fund, 2006). The federal governmead kince released a Risk
Management Strategy for Road Salts (2006) thatased on the findings of CEPA
(2001). This is a good start towards more effectind responsible road salt usage. As a
note, the City of St. John’s does have a comprehe@alt Management Plag2005) of
its own, and although it does not stop salt fronteeng urban waterways, it does
recognize and give details of responsible saltiegpbn practices, and will most likely
show improvement in the coming years. Also mentibimetheir Salt Management Plan
the City has effectively cut its salt applicationhalf on a two-lane kilometer basis and is
currently phasing in new pre-wetting and anti-iciaghniques (City of St. John’s, 2005).

Other recommendations include ensuring that roéidaséhorities independently
store road salt responsibly prior to applicationd also ensuring that salt-laden snow
banks are properly disposed of. Snow stockpilddleedges of parking lots can release a
lot of road salt into the environment at one timging a melt period. Care should be
taken to ensure that no runoff will leave the Iotl @nter an aquatic system, whether it is
groundwater or in streams and ponds. In fact, ssloould be piled on the downhill side
of parking lots to prevent melt water from cascgdatross the pavement, resulting in
more salting when it refreezes at night. Additibnathe Risk Management Strategy for
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Road Salts (2006) recommends a decreased depenuefegocyanide use in road salt,
as well as utilizing newer technologies, such aswpetting techniques to allow more
temperature related versatility, to reduce clumpargl to reduce the amount of road salt
that needs to be applied to a surface during apecipd.

Even newer technologies could be experimented astlvell, such as sugar beet
juice. A report by CBC News (CBC, 2005), statest tthee City of Saint John, New
Brunswick, is using sugar beet juice with its ragadt applications on a major bridge
because it lowers the working temperature of saiing extremely cold conditions, and it
effectively reduces the amount of salt needed tt the ice on the bridge, thus making
their road salting practices much more efficientscAof note, a study in Finland
demonstrated that the organic solid chemical, goaias formate (KCOOH), could be
used instead of NaCl as a very effective deicetlgtém et al, 2005). While meeting the
stringent environmental protection standards int @@untry, potassium formate was
shown to be highly successful in maintaining wintead safety and in minimizing the
contamination of surface and groundwater suppidtough it is much more expensive
than road salt, potassium formate would have a niest detrimental effect on road
infrastructure and car frames and tires as walluceng the overall costs of maintenance
and repairs (Hellstéat al, 2005). So although road salt is the standardedgiresently
used on Canadian roads, other options could beoegland experimented with to
potentially minimize adverse environmental effeantsl dangerous road conditions.
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7.0 Addendum

As an addendum to the previous study, more infaonatad been collected in
the winter season from 2006 to 2007 and will beedddere to compliment the results
from the 2005 to 2006 winter season sampling. $aidion is less detailed but will take
into account any slight modifications in methodgldg present the data collected in the
most relevant and interpretive way.

7.1 Approach and Methodology

For consistency, the samples were taken from theedacations on the three
rivers as in the 2005 — 2006 sampling period. Tdma@es were also taken within the
same monthly time period from November 2006 to ARAO07, and the sweeps were
meant to be bi-weekly. However, due to unforeseetumstances, the frequency was
reduced to monthly sampling from February to AprFthis was not a problem as enough
data was collected for the purposes of this report.

It was determined in the main report that there svassitive correlation between
increasing sodium values and increasing specifndaotance in the winter months. This
implied that as more road salt entered the riversasured as a concentration of sodium
in ppm) the more the measured conductivity woutdease, proportionately, at the same
sample locations. Thus in the 2006 — 2007 samplergpd, the samples were tested for
conductivity rather than sodium or chloride, knogvithat an increase in conductivity
during these months would signify an increaseditgadf road salt at that time.

The conductivity levels were determinéa situ using a calibrated Hydrolab
Quanta-G multiparameter probe, known technicallyaaswltiparameter water quality
monitoring sonde. The probe accurately collectedynmarameters at once including, but
not limited to, conductivity, pH, dissolved oxygetemperature, and salinity. The
conductivity and salinity, as well as the daytimeather will be discussed in the results.

7.2 Results and Discussion

This section will detail the results obtained favnductivity values on the
Waterford, Virginia and Leary’s river systems frod®06 — 2007. It will help to
determine whether road salt had been entering thhatsrways at that time, and will take
into account the corresponding weather patternselation to the conductivity values
measured. It will also show a simple comparisothef2006 — 2007 values to the results
of the 2005 — 2006 season, as well as establisholabple correlation between the
conductivity levels and the salinity measuremerdkeh at the same time. The
interpretations were derived using the same approas in the previous year’s
interpretations in the main report; in particuldme tdownstream results have been
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converted to an average to better compare witlhupiséream results. The raw data can be
found in the Appendix D.

Also, a site-specific value of 1000S/cm was chosen as a minimum chronic
exposure limit for conductivity in the rivers, sed is a very high value compared with
those normally found in reference sites, and itelates well with the chronic minimum
exposure limit for chloride derived in the main oep based on the results (210 mg/L
Chloride). It also correlates well with the levélsalinity that would otherwise determine
the threshold in which fresh water begins to twackish (500 mg/L Salinity).

7.3 Conductivity in the Waterford River, Virginia R iver, and Leary’s
Brook

Although the conductivity values were similar inetdownstream sites to the
headwaters (upstream) sites during the first sasykep in November, the downstream
values rose during the winter sampling season. Mb#é@, the headwaters sites generally
remained at their normal levels. This was expetiechuse the rivers flowed through
urban areas, under roads, and near parking lotktleir headwaters were located in
areas much less affected by the applications af sadt. The bulk of the loadings in this
case appeared in January 2007 with some slightbllemoadings in March. This was
due to the fact that most of the precipitation tloat season fell within the January to
February period. Overall, the loadings were lessh 2006 — 2007 season than they
were for the 2005 — 2006 season, and may have dweeiio the fact that the winter of
2006 — 2007 was much drier and colder than thahefprevious year (Environment
Canada, 2008). The following graphs show the irs@eaand spikes of conductivity in
each of the rivers with accompanying interpretajonhere “upstream” represents the
headwater or reference site (site 1), and the “dtneam” corresponds to the mean
conductivity value of all sites downstream of ditéor each river on a given date (sites 2
—-5).
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Figure 7: Mean conductivity (S/cm) in the Waterford River, showing the upstreanmdownstream sites as
well as the chronic minimum exposure limit for coctility.
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The Waterford River showed high downstream valdesoaductivity during the

2006 — 2007 period. There was not much fluctuatadnthe conductivity in the
headwaters site with the exception for a few srapikes in February and April. It is
unknown what may have caused these spikes in théwaers, as the values seem to
have gone up as they went down in the downstretan. 88ut generally the headwaters
values stayed between 150 and 1&cm, rising to 338 S/cm once in April. The
downstream values, however, exceeded the minimyosexe limit for conductivity of
1000 S/cm twice. The first was on January"2@vhen the average value was 1114

S/cm and the second surpassed at 102@&m. The other average values recorded
downstream were also high in comparison with thetngam values with the lowest being
in a dry December period.
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Figure 8: Mean conductivity (S/cm) in the Virginia River, showing the upstreandownstream sites
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The downstream conductivity values were much highan the upstream values
in the Virginia River in 2006 — 2007. While the thgam values stayed within a steady
range between 43 and 5&/cm, the downstream values rose to averages ofG@

S/cm in January and March. Although the condugtivalues were not as high as they
were in the Waterford, they were still much higtiean the reference values, especially in
the peak winter months from January to March. Tdwe data Appendix D) also shows
that the conductivity values in site 5 on mostha# tlates were the highest, particularly on
January 2% when it was over 900S/cm, demonstrating that the lower reaches of the
rivers become more concentrated as they collecé rmamtaminants from upstream.
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Figure 9: Mean conductivity (S/cm) in Leary’s Brook, showing the upstream vsirditream sites as well
as the chronic minimum exposure limit for condutstiv
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In a similar fashion to the other rivers, Leary’'soBk showed a relatively stable
range of conductivity within the headwaters, butrgased values in the downstream
samples. As before, there was a large spike inwdndty in late January at a mean
value of 908 S/cm. The downstream conductivity values sharpblided and generally
leveled-off after the January sampling period, @ltfh they were still quite high in
comparison to the corresponding headwaters vallesraw data suggests that all of the
downstream sites except for site 2 (New) actualeeded the stated minimum exposure
limit for conductivity on January 2% thus the stated average did not reflect thistdue
the less urban proximity of site 2 (New). In faitte downstream averages were lower
than would be expected on all of the sampling d&teshe reason that site 2 (New)
generally showed lower conductivity values, duégdocation on the river and knowing
that the conductivity values are generally highether downstream. The headwaters
values did increase slightly throughout the sangplgeason, and could have been
influenced by the raised highway located a shatiadice downstream.

7.4 Salinity in the Waterford River, Virginia River , and Leary’s Brook

Salinity measurements in the rivers were obtaingdulsaneously with the
conductivity measurements. Salinity is a measuréhefamount of dissolved salt in a
water body and is expressed in Practical Salinitygs)PSU), which, for the purposes of
this report, are essentially the same as partshmersand (permille, %0). For ease of
interpretation, the salinity values shown here Wdlin parts per million (ppm), or mg/L.
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The salinity data was shown by Pearson Correlabocorrelate with the corresponding

conductivity data, and as shown by the followingairs, the trends were practically
identical. The salinity graphs show the increases spikes of salinity in each of the

rivers and are accompanied by interpretations. @ngtaphs, “upstream” represents the
headwater or reference site (site 1), and the “dtneam” corresponds to the mean
salinity value of all sites downstream of site & éach river on a given date (sites 2 — 5).
Compared with the conductivity results, the levélsalinity in the headwaters sites

remained consistently low, whereas throughout tletew months, the salinity levels

increased in the downstream sites, particularBeinuary as well as March.

Figure 10: Mean salinity (ppm) in the Waterford River, showthg upstream vs. downstream sites noting
the transition boundary from the limnetic zone ghwater) to the oligohaline zone (slightly
brackish).

Data Means for Salinity (mg/L) in the Waterford River
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As can be seen by Figure 10, the Waterford wats aaitiest during late January
and late March. The water was determined to beaky sn the January 22sampling
date that it had actually crossed a recognisedisalihreshold (Venice Classification
System, 1959). At 538 ppm salinity on that date, Waterford was slightly brackish in
guality. The saltiest point on that sampling dateshown in the raw datAgpendixD),
was at 640 ppm just downstream of a parking lokiBnment Canada data shows that
there was significant snowfall prior to January®@hich indicates that the high level of
salting on that date may have been associatedpeitih road conditions due to the bad
weather conditions.
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Figure 11: Mean salinity (ppm) in the Virginia River, showitihg upstream vs. downstream sites

Data Means for Salinity (mg/L) in the Virginia River
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The Virginia River showed the highest levels ofirsgl late January and late
March, a trend similar to the salinity of the W&bed River. The levels downstream were
not as high however, with the highest average isalii 290 ppm falling on both January
22" and on March 28 (Figure 11). These values were still much higher than the
corresponding upstream measurements of salinityjchmemained steady at 20 ppm in
all downstream samples along the Virginia Riveronk the raw dataAppendixD), none
of the samples exceeded the salinity threshold6fgpm, with the highest single salinity

reading being 440 ppm recorded at the Royal Canddigion (Site 5) the day after a
snowfall.
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Figure 12: Mean salinity (ppm) in Leary’s Brook, showing thgstieam vs. downstream sites noting the
transition boundary from the limnetic zone (frestavato the oligohaline zone (slightly brackish).

Data Means for Salinity (mg/L) in Leary's Brook
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As with the other sites, the salinity in Leary’soBk was higher in late January,
although it was observed to be tapering down i& March Figure 12. Similarly to the
Virginia River data, Leary’s Brook was not quiteadfected by road salt as the Waterford
was, however, the highest average salinity in L'saByook at 438 ppm (on January"32
was still higher than Virginia River’'s highest asge of 290 ppmHKigures 12 and 11
respectively. This value (438 ppm) was close to the salinityeshold (Venice
Classification System, 1959) but did not exced@igure 12), however most of the sites
from the raw data on that date actually did excted threshold Appendix D. As
mentioned above, the date Januarf 2ZD07 was associated with a prior snowfall event
and may explain the higher values of salinity ia tiver on this date.

Also from Figure 12, the headwaters values in LsaBrook were low in
comparison to the downstream averages, howeverdiiegteadily increase in salinity
upstream as the winter progressed, with a valu)gipm in November and a maximum
of 80 ppm at the end of April. The reference si@swear the Outer Ring Highway,
however, and may have experienced some contaminibm salt being blown off the
highway by the wind upstream to the water.
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7.5 Correlation Established Between Conductivity an d Salinity

In looking at the graphs from the figures showrSections 7.3 and 7.4, It was
noted in the raw dataAppendix D that as the conductivity values rose in each sansp
did the concentrations of salinity in the same damdt was established through a simple
statistical (Pearson) analysis that these occuesenere proportional, due to the fact that
all the derived p-values in the downstream sampie® zero. Thus, there was a direct
correlation between conductivity values and comegioins of salinity within the
samples. This information would be useful in futdests as ann-situ conductivity
reading in the winter months could indicate a prapoal increase of salinity, and thus
could be interpreted as an increase in road salt.

7.6 Conclusions to Addendum

The results of the research conducted within thideadum as it relates to the
research conducted within the main body of thisorepgllustrate that road salt
concentrations can be accurately represented byewabbtained for both of the
parameters, specific conductance and salinity, hvihniave been statistically proven to
correlate directly with each other. It was showat tihe three rivers become saltier during
the winter months, particularly during the monthattreceived the most precipitation in
the form of snow, namely in January and Februarg,ta some extent March. Similar to
the results of the previous year’s data, it waswhthat the Waterford River became the
most saline in the winter months, followed by Lésryrook and Virginia River
respectively. While the levels of salinity were rast high as they were in the previous
year, they were still noticeably higher due to mcreéase in winter salt loadings, and in
some cases on the Waterford they breached a chmaionum value in terms of specific
conductance (greater than 1000 uS/cm), as welh dsel same cases on the Waterford
breaching the threshold of salinity that defineslfr water as begins to turn brackish (500
mg/L). Leary’s Brook came close to these salirfigsholds during the saltiest periods as
well.

Due to the fact that precipitation and weather doors likely contributed to the
somewhat lower levels of salinity within the cityers during the 2006 — 2007 period, as
well as to the higher levels found from the pregigear’s data, it is quite possible that
more or less road salt would be applied duringreutwinter seasons depending upon the
weather conditions at the time, resulting in furtbalt loadings of varying degrees. Thus,
more road salt monitoring should take place dufirtgre winter seasons to determine
whether dangerous levels of salting might occurdifdnally, as it was established
within the main body of this report that since readt was determined to be entering the
city rivers during the winter, and hence, it coulten be inferred that other toxic
constituents could also be entering the riverstveasame pathways, it is recommended
that monitoring for other toxic constituents shotd#te place in the future at the same
locations along the three rivers to determine ttierg of contamination which may occur
within the rivers due to urban runoff.
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Appendix A

Photo scans depicting each site of each river. :N@ites 4 and 5 on the Virginia River
were unavailable.

Photo 3:View of Site 1 on the Waterford River, Photo 5:View of Site 3 on the Waterford River,
looking downstream. Headwaters; downstream is to the right.
Bremigan’s Pond

Photo 4:View of Site 2 on the Waterford River,

Photo 6:View of Site 4 on the Waterford River,
looking upstream

downstream is to the right.
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Photo 7:View of Site 5 on the Waterford River,
downstream is to the right.

Photo 8:View of Site 1 on the Virginia River,
downstream is towards the top.
Headwaters site. Note the Quanta-G sonde
in the water

Photo 9:View of Site 2 on the Virginia River,
downstream is to the right

Photo 10:View of Site 3 on the Virginia River,
looking downstream

Photo 11:View of Site 1 on Leary’s Brook,
downstream is toward top-left. Headwaters
site.

Photo 12:View of Site 2 (old) on Leary’s Brook,
looking downstream
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Photo 13:View of Site 2 (new) on Leary’s
Brook, looking downstream

Photo 15:View of Site 4 on Leary’s Brook,
looking upstream.

Photo 14:View of Site 3 on Leary’s Brook,
looking downstream.

Photo 16:View of Site 5 on Leary’s Brook,
downstream is to the left.
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Appendix B

Mean concentrations (ppm) of sodium (Na), derivédbride (Cl), and derived salt
(NaCl) for each river showing upstream values aodrdstream means. Values in bold
indicate an exceedance of a set value of chroricitg of approximately 210 ppm CI.

Waterford River

Mean Sodium (Na)
Concentrations (ppm)

Mean Chloride (Cl)
Concentrations (ppm)

Total Mean Sodium
Chloride (NaCl)

Date Concentration (ppm)
Upstream | Downstream Upstream | Downstream Upstream| Downstream

Nov
08/0s | 25:00 16.25 37.500 24.375 62.500 40.625
Nov 16.00 42.33 24.000 63.495 40.00D 105.825
22105 . . . . . .
Dec 10.00 57.00 15.000 85.500 25.000 142.500
13/05 ' ' ' : ' '
Jan
o406 | 12:00 85.50 18.000 128.250 30.000 213.750
137";‘86 14.00 155.33 21.000| 232.995 | 35.000 388.325
Jan
106 | 1400 87.50 21.000 131.250 35.000 218.750
Feb 12.00 129.50 18.000 194.250 30.000 323.750
14/06

Mar 8.00 112.50 12.000 168.750 20.000 281.250
01/06

Mar 8.00 352.50 12.000| 528.750 | 20.000 881.250
15/06

Mar 10.00 312.50 15.000 | 468.750 | 25.000 781.250
30/06

Apr

11706 4.00 52.50 6.000 78.750 10.000 131.250
Apr
S50 | 18:00 50.00 27.000 75.000 45.000 125.000
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Virginia River

Mean Sodium (Na)
Concentrations (ppm)

Mean Chloride (Cl)
Concentrations (ppm)

Total Mean Sodium
Chloride (NaCl)

Date Concentration (ppm)
Upstream | Downstream Upstream | Downstream Upstream| Downstream

Nov
08105 4.00 22.10 6.000 33.150 10.000 55.250
Nov 10.00 29.00 15.000 43.500 25.000 72.500
22/05 : : : : : :
Dec 2.00 34.00 3.000 51.000 5.000 85.000
13105 . . . . . .

Jan 4.00 48.50 6.000 72.750 10.000 121.250
04106 . . . . . .
Jan 2.00 81.00 3.000 121.500 5.00( 202.500
17/06 : : : : : :
Jan 2.00 52.00 3.000 78.000 5.000 130.000
21106 . . . . . .
Feb 2.00 82.00 3.000 123.000 5.00( 205.000
14/06 : : : : : :
Mar 2.00 169.00 3.000 | 253500 | 5.000 422.500
01/06 . . . . . .

Mar

15106 2.00 180.00 3.000 | 270.000 | 5.000 450.000
Mar 2.00 193.75 3.000 | 290.625 | 5.000 484.375
20/06 . . . . . .

Apr 2.00 36.00 3.000 54.000 5.000 90.000
11706 . . . . . .

Apr 2.00 32.25 3.000 48.375 5.000 80.625
25106 . . . . . .
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Leary’s Brook

Mean Sodium (Na)
Concentrations (ppm)

Mean Chloride (Cl)
Concentrations (ppm)

Total Mean Sodium
Chloride (NaCl)

Date Concentration (ppm)
Upstream | Downstream Upstream | Downstream Upstream| Downstream
Nov
08105 7.0 16.5 10.50 24.75 17.50 41.25
Nov
22105 8.0 22.0 12.00 33.00 20.00 55.00
Dec
13105 6.0 29.7 9.00 44.55 15.00 74.25
Jan 8.0 34.7 12.00 52.05 20.00 86.75
04/06 : : : : : :
Jan 8.0 79.5 12.00 119.25 20.00 198.75
17106 . . . . . .
Jan 8.0 45.6 12.00 68.40 20.00 114.00
21106 . . . . . .
Feb 10.0 65.6 15.00 98.40 25.00 164.00
14106 . . . . . .
Mar 12.0 50.4 18.00 75.60 30.00 126.00
01/06 . . . . . .
Mar 8.0 223.2 12.00 334.80 20.00 558.00
15106 . . . . . .
Mar 26.0 210.4 39.00 315.60 65.00 526.00
30/06 : : : : : :
Apr 8.0 26.0 12.00 39.00 20.00 65.00
11/06 : : : : : :
Apr 18.0 23.6 27.00 35.40 45.00 59.00
25106 . . . . . .
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Appendix C

Raw data values associated with field and lab ddrresults.

Virginia River

Conductivity FAA Reading Actual Na
Sample Date  Sample # (uS/cm) Dilution (ppm) Concentration (ppm)
8-Nov-05 1 39 \ \ 4
2 124 \ \ 26
3 134 \ \ 14
4 181 \ \ 22
5a 289 \ \ 28
5b 289 \ \ 26
5¢c 289 \ \ 25
22-Nov-05 1 \ 1\20 0.5 10
2 \ 1\20 1.2 24
3 \ 1\20 1.4 28
4 \ 1\20 1.4 28
5 \ 1\40 0.9 36
13, 14-Dec-05 1 40 1\20 0.1 2
2 228 1\20 1.3 26
3 257 1\20 14 28
4 309 1\20 1.9 38
5 394 1\40 1.1 44
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4-Jan-06

17-Jan-06

31-Jan-06

14-Feb-06

3a

3b

3c

2a

2b

2c

35

270

393

425

447

22

403

473

662

631

36

288

392

392

392

523

572

1\20

1\20

1\M0

1\M0

1M0

1\20

1M0

1M0

1\60

1\60

1\20

1\20

1\M0

1\M0

1\M0

1\60

1\60

1\20

1\M0

1\M0

1\M0

1\60

1\60

1\80

0.2

1.7

1.3

1.3

1.4

0.1

15

1.8

1.7

15

0.1

1.9

11

11

11

1.1

0.1

13

15

15

34
52
52

56

60
72
102

90

38
44
44
44
60

66

40
40
40
78
90

120
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1-Mar-06

15-Mar-06

30-Mar-06

11-Apr-06

3a

3b

3c

1

2a

2b

2c

338

2686

861

1350

49

1400

1700

1700

1700

1220

1810

55

1180

1870

1630

1890

37

233

233

233

263

402

421

1\M0

1\300

1\100

1\150

1\20

1\150

1\150

1\150

1\150

1\150

1\150

1\20

1\100

1\200

1\150

1\200

1\20

1\20

1\20

1\20

1\20

1\M0

1\M0

0.9

1.2

1.2

0.1

11

1.3

1.3

13

0.8

1.6

0.1

1.4

11

1.3

1.1

0.1

13

1.3

1.3

15

11

11

36

360

100

180

165

195

195

195

120

240

140

220

195

220

26

26

26

30

44

44
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25-Apr-06 1

Follow up Site

26-May-06 1

49
244
281
333

394

Conductivity
(uS/cm)

40

313
361
327

427

1\20
1\20
1\20
1\30

1\30

Salinity (ppm)
20
150
170
150

200

0.1

13

1.4

1.1

1.4

26

28

33

42
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Leary's Brook

Conductivity FAA Reading Actual Na
Sample Date Sample # (uS/cm) Dilution (ppm) Concentration (ppm)
8-Nov-05 1 74 \ \ 7
2 87 \ \ 18
3 123 \ \ 14
4 132 \ \ 18
5 131 \ \ 16
22-Nov-05 1 \ 1\20 0.4 8
2 \ 1\20 0.6 12
3 \ 1\20 1.2 24
4 \ 1\20 1.3 26
5 \ 1\20 1.3 26
13, 14-Dec-05 1 68 1\20 0.3 6
2 210 1\20 1.2 24
3 245 1\20 1.5 30
4 250 1\20 1.5 30
5a 266 1\20 1.6 32
5b 266 1\20 1.6 32
5¢c 266 1\20 1.7 34

40



9-Jan-06 1

5a
5b

5c

17-Jan-06 1

31-Jan-06 1
2 (old)

2 (new)

14-Feb-06 1
2 (old)

2 (new)

88

225

270

279

293

294

94

247

498

440

590

43

324

158

431

446

526

1\20

1\20

1\20

1\20

1\20

1\20

1\20

1\20

1\60

1\60

1\60

1\60

1\20

10

1\20

1\0

1\0

1\60

1\20

1\0

1\0

1\60

1\60

1\60

0.4

13

1.8

1.9

1.8

0.4

1.3

1.2

1.2

1.6

0.4

0.9

0.9

1.3

1.4

11

0.5

1.7

0.5

13

1.2

15

26

36

38

40

40

36

78

72

72

96

36

18

52

56

66

10

68

20

78

72

90
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1-Mar-06 1
2 (old)
2 (new)

3

4

5

15-Mar-06 1
2 (old)

2 (new)

30-Mar-06 1
2 (old)
2 (new)
3a
3b

3c

126

684

681

526

185

2590

425

1540

2080

2530

197

1890

490

1970

1970

1970

1960

2190

1\20

1\60

1\60

1\60

1\20

1\300

1\0

1\150

1\300

1\300

1\20

1\200

1M0

1\200

1\200

1\200

1\200

1\200

0.6

15

1.6

11

0.9

1.8

0.7

1.3

1.2

13

1.2

1.2

1.2

1.2

14

12

90

96

66

300

36

270

210

300

26

240

52

240

240

240

240

280
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11-Apr-06 1
2 (old)
2 (new)

3

4

5

25-Apr-06 1
2 (old)

2(new)

Followup Site
26-May-06 1
2 (old)

2(new)

92
218
120
260
259

264

196
200
113
250
252

274

Conductivity
(uS/cm)

125
276
166
321
330

344

1\20
1\20
1\20
1\20
1\20

1\20

1\20
1\20
1\20
1\20
1\20

1\20

Salinity (ppm)
60
130
80
150
160

160

0.4

1.2

0.6

15

15

1.7

0.9

0.5

14

15

15

24

12

30

30

34

18

20

10

28

30

30
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Waterford River

Conductivity FAA Reading Actual Na
Sample Date Sample # (uS/cm) Dilution (ppm) Concentration (ppm)

8-Nov-05 1 136 \ \ 25
2 201 \ \ 15

3 212 \ \ 16

4 218 \ \ 16

5 166 \ \ 18

22-Nov-05 1 \ 1\20 0.8 16
2 \ 1\40 1 40

3 \ 1\40 1 40

4 \ 1\40 1.3 52

5a \ 1\40 1 40

5b \ 1\40 0.9 36

5¢ \ 1\40 0.9 36

13, 14-Dec-05 1 114 1\20 0.5 10
2 455 1\40 1.4 56

3 137? 1\40 1.3 52

4 460 1\40 1.5 60

5 373 1\40 1.5 60

4-Jan-06 1 122 1\20 0.6 12
2 633 1\60 1.4 84

3 657 1\60 1.4 84

4 733 1\60 1.6 96

5 610 1\60 1.3 78
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17-Jan-06

31-Jan-06

14-Feb-06

1-Mar-06

3a

3b

3c

5a

5b

5c

1200

1210

1210

1210

1230

529

129

824

713

661

552

112

871

888

1032

801

807

812

1\20

1\100

1\100

1\100

1\100

1\100

1\60

1\20

1\100

1\80

1\60

1\60

1\20

1\100

1\80

1\100

1\100

1\20

1\100

1\100

1\100

1\100

1\100

1\100

0.7

1.7

1.7

1.9

1.9

1.9

1.3

0.7

11

15

12

0.6

11

1.6

1.6

1.2

0.4

12

11

13

0.9

0.9

0.9

14

170

170

190

190

190

78

14

100

88

90

72

12

110

128

160

120

120

110

130

90

90

90
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15-Mar-06

30-Mar-06

11-Apr-06

25-Apr-06

4a

4b

4c

115

2690

3120

1610

3350

107

2700

2860

2640

2070

69

494

523

502*

355

194

503

496

481

481

481

558

1\20

1\300

1\300

1\150

1\300

1\20

1\300

1\300

1\300

1\200

1\20

1\0

1\0

1\100

1M0

1\20

1\0

1M0

1M0

1\0

1\0

1\60

0.4

11

1.3

1.8

14

0.5

11

1.2

1.3

0.2

15

1.6

0.5

0.9

0.9

14

14

1.3

13

13

0.6

330

390

270

420

10

330

360

300

260

60

64

50

36

18

56

56

52

52

52

36
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Follow up Site
26-May-06 1
2
3 (up)
3 (down)*
4

5

Conductivity
(uS/cm)

183
514
497
978 - 1500*
506

400

*Sewer outfall (oily;
parameters would
not stabilize) ~30m

downstream of site
3

Salinity (ppm)
90
250
240
670
24

190

a7



Appendix D

Results of the 2006 — 2007 sampling sweeps for dowam data obtained for
specific conductance, salinity, and temperaturehiwithe Waterford River, Virginia
River, and Leary’s Brook. The downstream meansachesweep are also listed for each.
Data obtained for the headwaters sites are netlias they are already displayed in the
Results section of the Addendum.

Conductivity (uS/cm)

Nov Dec Dec Jan Jan Feb Mar Apr

16th 1st 21st 5th 22nd 12th 23rd 23rd

N 207 377 260 365 374 358 448 427

Virginia 236 318 337 527 588 436 502 478
254 363 343 541 578 561 764 616

323 623 450 648 907 598 723 649

mean 255 420 348 520 612 488 609 543

Nov Dec Dec Jan Jan Feb Mar Apr

16th 1st 21st 5th 22nd 12th 23rd 23rd

106 128 157 242 313 249 317 288

Leary's 149 655 368 444 1010 610 567 498
195 505 366 497 1054 687 627 573

209 437 357 482 1087 652 635 561

214 553 393 466 1075 706 657 600

mean 175 456 328 426 908 581 561 504

Nov Dec Dec Jan Jan Feb Mar Apr

16th 1st 21st 5th 22nd 12th 23rd 23rd

385 688 540 726 1205 902 1053 984

Waterford | 509 752 508 698 1334 932 1112 978
355 1105 580 707 1003 772 1095 902

302 1063 476 561 914 605 819 701

mean 351 902 526 673 1114 803 1020 891

Salinity (mg/L)

Nov Dec Dec Jan Jan Feb Mar Apr

16th 1st 21st 5th 22nd 12th 23rd 23rd

N 100 180 120 170 170 170 210 200

Virginia 110 150 160 250 280 200 240 230
120 170 160 250 270 260 360 290

150 30 210 310 440 280 350 210

mean 120 133 163 245 290 228 290 233
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Nov Dec Dec Jan Jan Feb Mar
16th 1st 21st 5th 22nd 12th 23rd  Apr 23"
50 60 70 110 140 110 150 130
Leary's 70 310 170 210 490 290 270 230
90 240 170 230 510 330 300 270
100 210 170 230 520 310 300 270
100 260 180 220 520 330 310 290
mean 82 216 152 200 436 274 266 238
Nov Dec Dec Jan Jan Feb Mar
16th 1st 21st 5th 22nd 12th 23rd Apr 23"
180 330 250 350 590 430 510 480
Waterford |7 370 240 330 640 450 540 470
170 540 270 340 480 370 530 440
140 520 220 260 440 280 390 330
mean 165 440 245 320 538 383 493 430
Temperature
Nov Dec Dec Jan Jan Feb Mar Apr
16th 1st 21st 5th 22nd 12th 23rd 23rd
Virginia 10.04 6.78 2.90 3.17 1.15 -0.32 2.70 5.58
10.14 7.20 2.90 3.27 1.15 0.14 3.07 5.34
9.69 5.34 1.83 2.75 1.28 0.88 231 5.88
9.83 6.83 3.52 4.05 2.06 1.68 3.40 6.21
mean 9.93 6.54 2.79 3.31 141 0.60 2.87 5.75
Nov Dec Dec Jan Jan Feb Mar Apr
16th 1st 21st 5th 22nd 12th 23rd 23rd
9.38 2.54 0.40 0.42 -0.27 -0.21 0.23 4.72
Leary's 9.40 5.33 1.36 1.55 0.01 -0.20 1.81 5.19
10.02 6.57 2.18 2.75 0.78 0.28 2.25 5.07
10.05 6.93 2.49 3.06 1.09 0.61 2.43 5.20
10.05 6.70 2.04 2.73 0.90 0.22 2.60 5.80
mean 9.78 5.61 1.69 2.10 0.50 0.14 1.86 5.20
Nov Dec Dec Jan Jan Feb Mar Apr
16th 1st 21st 5th 22nd 12th 23rd 23rd
9.33 5.78 1.71 2.08 0.46 -0.04 2.08 4.48
Waterford | g g> 529 248 271 1.19 0.48 2.35 4.86
10.23 6.39 2.26 2.76 0.90 -0.06 2.88 5.1
10.24 6.24 1.68 2.66 0.72 -0.27 2.81 5.08
mean 9.91 6.18 2.03 2.55 0.82 0.03 2.53 4.88
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