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MANAGEMENT PERSPECTIVE

This report is based on an assessment of the known and potential effects of road salts on
Canadian aquatic ecosystems. It is one of several supporting documents to the Priority
Substance List 2 assessment of the toxicity of road salts. A literature review was conducted on
chloride toxicity and the environmental impacts of elevated chloride concentrations, primarily
from road salt applications. Provincial water quality monitoring data provided information on
chloride levels in various water bodies. Based on these investigations, it is concluded that
chloride salts from road salt are toxic in the environment although in limited geographic areas
where large amounts of salt are applied near highways. Such areas occur primarily in southern
Ontario (especially Metropolitan Toronto) and Quebec. Improperly designed and/or maintained
road salt depots is another cause for concern as are improper snow disposal practices. At lower
concentrations, road salt can have chronic impacts on aquatic ecosystems. Such impacts will be
more widespread.

The designation of road salt as a toxic substance will necessitate various actions to reduce road
salt inputs to aquatic, terrestrial, and groundwater ecosystems. This will include modifying
application rates, improving the operation of road salt storage depots, and using safe waste-snow
disposal methods. While chloride has been measured during provincial water quality monitoring
programs, these data generally have been poorly synthesized to assess long-term trends and
spatial variation in chloride concentrations. Lakes have been particularly poorly studied. There
also is a poor understanding of chloride effects at chronic concentrations (ca. 100-1,000 mg/L),
and the concomitant entry of nutrients and metals into aquatic ecosystems with road salt runoff.
While often low in concentration, increased inputs of chloride, nutrients, and metals with
highway runoff may stimulate the productivity of oligotrophic ecosystems. As more highways
are constructed in relatively undeveloped and pristine regions, particularly on the Canadian
Shield, and rural aquatic ecosystems become incorporated into the urban, aquatic ecosystems
located near these roadways may be adversely impacted. In particular, species shifts may occur,
aquatic ecosystems become may more productive, and some lakes may become meromictic
(chemically stratified).
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SOMMAIRE A L’INTENTION DE LA DIRECTION

Ce rapport est fondé sur une évaluation des effets connus et potentiels des sels de voirie sur les
¢cosystemes aquatiques canadiens. Il est I’'un des documents qui a été soumis lors de 1’évaluation
de la toxicité des sels de voirie inscrits sur la deuxiéme liste des substances d'intérét prioritaire.
Une ¢étude de la documentation a été réalisée sur la toxicité des chlorures et sur les effets
environnementaux des hausses des concentrations de chlorure causées principalement par
I’épandage des sels de voirie. Des données sur les concentrations des chlorures dans divers plans
d’eau ont été obtenues des programmes provinciaux de surveillance de la qualité de I’eau. Les
résultats de ces recherches ont démontré que les chlorures des sels de voirie sont toxiques pour
I’environnement, mais seulement dans les quelques régions ou de grandes quantités de sel sont
appliquées a proximité des routes. Ces régions sont concentrées dans le sud de 1’Ontario (en
particulier la Communauté urbaine de Toronto) et du Québec. Les installations d’entreposage du
sel de voirie mal congues ou mal entretenues et les mauvaises pratiques d’élimination de la neige
usée contribuent également au probléme. A des concentrations plus faibles, les sels de voirie
peuvent avoir des effets chroniques sur les écosystémes aquatiques. Ces effets sont plus
répandus.

La reconnaissance de la toxicité des sels de voirie nécessitera I’application de diverses mesures
destinées a réduire les effets de ces sels sur les écosystémes aquatiques, terrestres et souterrains.
Il faudra notamment réduire les quantités appliquées, mieux gérer les installations d’entreposage
des sels de voirie et utiliser des méthodes slires pour éliminer la neige usée. Bien que les
concentrations des chlorures soient mesurées dans le cadre des programmes provinciaux de
surveillance de la qualité de 1’eau, peu d’efforts ont été consacrés a la synthése de ces données en
vue d’évaluer les fluctuations a long terme et spatiales des concentrations de chlorure. L’état de
la situation dans les lacs a été treés peu étudié. Notre compréhension des effets des chlorures a des
concentrations induisant des répercussions chroniques (environ 100 a 1,000 mg/L) est également
fragmentaire. En outre, les effets des eaux de ruissellement contaminées par des sels de voirie
sur ’entrée concomitante d’éléments nutritifs et de métaux dans les écosystémes aquatiques
demeurent a préciser. Bien que faibles, les concentrations accrues de chlorures, d’éléments
nutritifs et de métaux charriés par les eaux de ruissellement des routes peuvent stimuler la
productivité des écosystémes oligotrophes. A mesure que de nouvelles routes sont construites
dans des régions relativement peu développées ou sauvages, particuliecrement sur le bouclier
canadien, et que les écosystemes aquatiques ruraux sont intégrés au paysage urbain, les
¢cosystemes aquatiques situés a proximité de ces routes risquent d’étre affectés. Des espéces
pourraient étre remplacées, la productivité des écosystémes aquatiques pourrait augmenter, et
certains lacs pourraient devenir méromictiques (stratifiés chimiquement).
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ABSTRACT

This study is based on the Priority Substance List 2 assessment of the toxicity of the application
of road salt to the aquatic environment. The assessment begins with a review of the PSL2
assessment process, including the formation of an Environment Resource Group (ERG) to
conduct this assessment. Road salt is then characterized including its composition, properties,
and application rates across Canada. While road salt is a complex mixture of chloride salts,
various anticaking compounds such as sodium ferrocyanide, and abrasives, this assessment
focuses on the chloride salts. Sodium followed by calcium are the primary chloride salts used in
the winter application of road salt; calcium chloride is used mainly as a summer dust
suppressant. Small amounts of potassium and magnesium chloride salts also are used as a winter
deicer. Winter road salt is applied most heavily in southern Ontario, Quebec, Nova Scotia, New
Brunswick, British Columbia, and the central (Edmonton) area of Alberta.

An extensive review of the Canadian and United States literature determined that a relatively
small number of studies have been conducted investigating road salt in the aquatic environment.
Road salt impacts, defined as increased chloride concentrations, were most pronounced in urban
areas and areas located near heavily salted highways. Furthermore, there is some evidence of
more gradual increases in chloride concentrations in lakes in these regions, in part a result of
road salt application. Fewer studies have investigated the impacts of road salt to aquatic
ecosystem structure and function. However, some small, shallow lakes have been shown to
become meromictic, benthic drift has increased in some streams with pulses of road salt being
flushed through the system, and other alterations in benthic and phytoplankton communities
noted. No studies were located which investigated the impacts of calcium chloride as a dust
suppressant.

An extensive review was conducted of laboratory studies investigating the toxicity of sodium,
calcium, potassium, and magnesium chlorides. By far the largest data sets were obtained for
sodium chloride. Magnesium and potassium chloride appear to be more toxic than sodium
chloride for all organisms investigated. Plankton and invertebrates appear to be more sensitive to
calcium than sodium chloride while the reverse appears to occur for fish. Most laboratory studies
were conducted over short time intervals (i.e., 4 days or less) and investigated mortality.
Tolerances were high, with LC50 ranging from 1,400-13,085 mg/L chloride. However, this
range also spans the range of chloride concentrations observed in road salt snow melt, storm
sewers, and urban creeks and rivers. In these environments, short-term exposures to elevated
chloride concentrations are likely to be toxic. Chloride concentrations in this range also have
been observed in wetlands near leaking road salt depots. A few studies were conducted over a 7-
day period with EC50 ranging from 874-3,330 mg/L chloride. Chloride concentrations in this
range have been observed in some urban creeks, rivers, and ponds. Chronic toxicity (i.e.,
exposure to elevated chloride concentrations over extended time periods) was estimated as
ranging from 150-1,402 mg/L chloride. Concentrations in this range have been observed for salt-
impacted creeks, rivers, ponds, and lakes, again primarily in urban areas or areas near major
highways.

It is concluded that chloride salts from road salt are toxic in the environment although in limited
geographic areas where large amounts of salt are applied to highways or near leaking road salt
depots. The documentation of these impacts is problematic with much of the water quality data
(e.g., on chloride concentrations) in the gray literature or in data sets which have yet to be
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synthesized. Chloride is a required element for the well being of organisms and, in some sense
can be viewed like phosphorous.

RESUME

Cette étude est fondée sur 1’évaluation de la toxicité pour les écosystemes aquatiques des sels de
voirie figurant sur la deuxi¢me liste des substances d’intérét prioritaire. L’évaluation débute par
un examen du processus d’évaluation prévu pour les substances figurant sur la LSIP2, y compris
la mise sur pied d’un groupe ressource environnemental en vue de cette évaluation. Les sels de
voirie sont ensuite caractérisés d’aprés leur composition, leurs propriétés et les quantités
auxquelles ils sont appliqués au Canada. Bien que les sels de voirie soient un mélange complexe
de chlorures, de divers agents antiagglomérants comme le ferrocyanure de sodium et d’abrasifs,
la présente évaluation vise les chlorures. Le sodium, suivi du calcium, sont les principaux
chlorures utilisés comme sels de voirie en hiver. Le chlorure de calcium est utilisé surtout en été
comme agent dépoussi¢rant. Le chlorure de potassium et le chlorure de magnésium sont
¢galement utilisés en faibles quantités en hiver pour le déglacage des routes. En hiver, les plus
fortes quantités de sels de voirie sont appliquées dans le sud de I’Ontario, au Québec, en
Nouvelle-Ecosse, au Nouveau-Brunswick, en Colombie-Britannique et dans le centre de
I’ Alberta (Edmonton).

Une importante étude de la documentation publiée au Canada et aux Etats-Unis a révélé qu’un
nombre relativement restreint d’études ont été consacrées aux effets des sels de voirie sur
I’environnement aquatique. Les impacts des sels de voirie, assimilés a une hausse des
concentrations des chlorures, sont plus prononcés dans les régions urbaines et dans les secteurs
situés a proximité de routes recevant de fortes quantités de sels. En outre, les hausses graduelles
de chlorures semblent plus importantes dans les lacs situés dans ces régions, en partie a cause
des épandages de sels de voirie. Un nombre encore plus restreint de chercheurs se sont intéressés
aux effets des sels de voirie sur la structure et les fonctions des écosystémes aquatiques.
Toutefois, certains petits lacs peu profonds sont devenus méromictiques, la dérive des
organismes benthiques s’est intensifiée dans certains ruisseaux par suite de I’introduction subite
de quantités massives de sels de voirie, et d’autres modifications des communautés benthiques et
phytoplanctoniques ont été notées. Nous n’avons trouvé aucune évaluation des impacts du
chlorure de calcium comme agent dépoussiérant.

Une attention particulieére a été consacrée a I’examen des évaluations en laboratoire de la toxicité
des chlorures de sodium, de calcium, de potassium et de magnésium. Les plus vastes ensembles
de données se rapportent au chlorure de sodium. Le chlorure de magnésium et le chlorure de
potassium semblent plus toxiques que le chlorure de sodium pour tous les organismes testés. Les
organismes planctoniques et les invertébrés semblent plus sensibles au chlorure de calcium qu’au
chlorure de sodium. La tendance s’inverse chez les poissons. La plupart des évaluations réalisées
en laboratoire ont ét¢ réalisées sur de courtes périodes (4 jours ou moins) et ont porté
essentiellement sur les effets 1étaux. Les seuils de tolérance étaient élevés, les CLsy variant entre
1400 et 13085 mg/L de chlorure. Toutefois, cet intervalle correspond a la gamme des
concentrations de chlorure mesurées dans les eaux de fonte, les égouts pluviaux et les ruisseaux
et rivieres urbains. Dans ces environnements, l’exposition a court terme aux fortes
concentrations de chlorure a probablement des effets toxiques. Des concentrations de chlorure de
cet ordre ont également été observées dans des milieux humides situés pres d’installations
d’entreposage de sels de voirie présentant des fuites. Quelques études réalisées sur une période



de 7jours ont produit des CEsy de 874 a 3330 mg/L de chlorure. Des concentrations
comparables de chlorure ont été observées dans quelques ruisseaux, riviéres et étangs urbains. La
toxicité chronique (exposition prolongée a de fortes concentrations de chlorure) a été estimée a
des concentrations variant entre 150 et 1 402 mg/L de chlorure. Des concentrations de cet ordre
ont été enregistrées dans des ruisseaux, rivieres, étangs et lacs contaminés par des sels de voirie,
encore une fois principalement en milieu urbain ou a proximité de routes importantes.

Il est donc établi que les chlorures utilisés comme sels de voirie sont toxiques dans
I’environnement, bien que le probléme soit limité aux régions ou de grandes quantités de sel sont
appliquées sur les routes ou a proximité des installations d’entreposage de sels de voirie non
¢tanches. La documentation de ces impacts est difficile, car la plupart des données de
surveillance de la qualité de 1’eau (p. ex. concentrations des chlorures) extraites de la littérature
grise ou de base de données n’ont pas encore ¢été synthétisées. Les chlorures jouent un rdle
indispensable dans le bien-&tre des organismes, comme le phosphore a certains égards.
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1.0 INTRODUCTION

1.1  Genera Background

Road sdts are applied to roadways in northern-temperate climates to prevent traffic accidents. In
winter, road sdts are gpplied to lower the freezing point of road-ice or precipitation so that water
returns to or remains in a liquid state, avoiding the problems associated with ice formation on roads
(e.g., dipperiness) (Perchanok et d. 1991; Kostick 1993). Various studies indicate that traffic accidents
can be reduced by 20 to 90% when icy and snowy roads are salted and restored to bare pavement
(Vaaet d. 1996; Kuemmd and Hanbdi 1992; Hanke and Levin 1990). In summer, road sdts such as
calcium chloride are applied to gravel roads for dust suppression (1. D. Systems Ltd. 1989).

One of the most commonly used road sdts in North America is sodium chloride (Fiedld and O Shea
1992; Perchanok et d. 1991). Road sdt can, however, be made up of different compounds and
mixtures of compounds, including chloride sdtghbrines (eg., ions of chloride, sodium, cacium,
magnesium and potassium), organic compounds (e.g., ureaand glycol), abrasves (eg., sand), aswell as
additives that help prevent caking (e.g., sodium/ferric ferrocyanide) and corrosion.

Road sdts first came into use in Canada and the northern United States in the 1940s. This usage has
increased through the decades with accelerating population growth, greater urbanization and highway
development, and improved highway safety programs. Leves of chloride in many North American lakes
and streams have increased concurrently with the increased usage of road sdts. In many instances, these
increased chloride levels have been directly related to road st (Boucher 1982; Crowther and Hynes
1977; Kerekes 1974; Ohno 1990; Williams et d. 1997). Due to concerns regarding the potential
effects of road sdts released into the environment, road sdts were included as one of 25 substances
recommended by the Minigter’s Expert Advisory Pand for assessment under the Priority Substances
Assessment Program of the Canadian Environmental Protection Act (CEPA). This report is based on
one aspect of that assessment, specificaly the impacts of road sdt on the aguatic environment. The
generd background for the overal assessment is asfollows.

1.1.1 Canadian Environmental Protection Act

The Canadian Environmental Protection Act (CEPA) indructs the Federd Ministers of the Environment
and of Hedth to develop a Priority Substances List (PSL). Substances on this List are then given
priority assessment to determine whether they are “toxic’ as defined under the Act. Section 11 of
CEPA defines toxic substances as follows (Environment Canada 1997c¢):

“For the purposes of this Part, a substance is toxic if it is entering or may enter the environment in a
quantity or concentration or under conditions

a) having or that may have an immediate or long-term harmful effect on the environment;
b) condtituting or that may condtitute a danger to the environment on which human life depends;, or
C) congtituting or that may condtitute a danger in Canada to human life or hedth.”



The firgt Priority List of Substances was published in the Canadian Gazette in 1989 and contained 44
substances which required evauation within the legidated 5-year time frame for PSL1 assessments.
Following the assessment 25 substances were determined to be CEPA toxic. The second Priority List
of Substances was published in 1995 and conssts of 25 substances which require assessment under
PSL2. Road salts are one of those 25 substances.

1.1.2 ThePSL2 CEPA Assessment Process

Assessment under PSL2 involves severa processes. Hedth Canada is responsible for assessing the risk
to human hedth from environmental exposure to the Priority Substance while Environment Canada
the risk to the environment. The Chemica Evauations Branch of Environment Canada begins
this process by problem formulation. During this formulation, the gods and focus of the assessment are
edablished. Following this, an Environmental Resource Group is formed to conduct an environmenta
assessment during which knowledge and data gaps are identified and Strategies are devel oped to obtain
this knowledge, where essentid. Information is obtained on the modes of entry of the substance into the
environment, exposure levels in the environment, and the subsequent effects of this substance on the
environment, including humans. With this information, a series of three levels (tiers) of risk assessments
are performed. If adverse effects are unlikely under the Tier 1-3 assessments, the substance is not
considered CEPA “toxic”. However, if adverse effects are likely, these effects are estimated and/or the
ecologica consequences described. The substance is then declared CEPA “toxic’. The draft risk
assessment is subject to review by the Environmental Resource Group, other government departments,
and other experts. Thisis followed by a public scrutiny. Finaly, as required under Section 13 of CEPA,
Environment Canada and Hedth Canada will jointly publish the Assessment Report including the
concluson with respect to CEPA “toxic’. A notice is then published in the Canadian Gazette
summarizing the report and announcing the Minigers' intentions (Environment Canada 1997¢). Other
documents, such as supporting documents to the Assessment, reports, fact sheets, and reprints from
scientific journds will dso be made available.

1.1.3 TheEnvironmental Resource Group

The Environmental Resource Group (ERG) for the assessment of road sdt conssts of severd experts,
each of whom is responsible for a particular area of the assessment process. Areas of expertise include
representatives from the highway department, the sdt indudtry, terrestrid vegetation, terrestrid
vertebrates, groundwater, aquatic chemistry, and aguetic ecology. During its early meetings, the ERG
deemed that a literature review and assessment of the potentia effects of road sdt and its additives on
sream, lake, and wetland ecosystems was an essentiadl component of the Road Sdt Assessment.
Furthermore, they determined that this review would serve as one of the supporting documents for the
Road Salt Assessment Report.

This report focuses on the assessment of the environmenta impacts of road sdt gpplications on the
aguatic environment. The toxicity of sodium, potassum, magnesum, and chloride sdts to aguetic



organiams is reviewed and the impacts of devaed sdinity, including that derived from road st
goplications on aquatic environments is assessed. Information aso was obtained on environmenta
concentrations of road sdt in the Canadian and United States environments. Together, thisinformation is
used in the Tier 1-3 Assessments of the toxicity of road sdlt.

1.2

Purpose and Objectives of the Literature Review and Assessment

The objectives of the literature review are asfollows:

1)

2)

3)

4)

5)

6)

Provide a context for sats in the aquatic environment. This information was required because sdts
are a natural and essentid feeture of the aguatic environment having important effects on physicd,
chemicad and biologicad processes. Moreover, sdt concentration and compogition vary naturaly
with geographic setting, being substantidly higher in sdiine Prairie lakes than in lakes located on the
Canadian Shidld.

Provide a brief synthesis of the entry of road sdts into the aguatic environment and ther ultimate
pathways and concentrations. This synthesis was required in order to link laboratory toxicity studies
with various components of the aguatic environment. Information for this synthess was obtained
from published studies and the recent efforts of other ERG members.

Review and summarize existing literature regarding lethad and sublethd effects of sodium, cacium,
magnesium, and potassum chloride sdts on aguatic organisms. This information was synthesized in
order to characterize potentia effects of road sdt application on aquatic organisms.

Review exiging literature regarding known environmenta effects of road sdt gpplication on stream,
lake, and wetland ecosystems, with an emphasis on aguetic ecosystems in Canada. This information
was synthesized in order to identify the Stuations where effects have occurred or could be expected
to occur.

On the basis of Objectives 2, 3, and 4, assess whether dl regions of Canada are equally sensitive to
perturbation of the aguatic environment from road st gpplication.

Identify approaches and points that may be useful in assessing the environmenta consequences of
road salt gpplication as reated to freshwater environments.

Following the literature review, Tier 1, 2 and 3 Assessments were conducted. This processis explained
in Section 7 of the report.



1.2.1 Road Salt Compounds of Concern

Road sdts are aformulation of inorganic and organic compounds which are gpplied to roads for deicing
and dugt suppression. Chloride sdts are more commonly used than organic sdts, such as cacium
magnesium acetate (CMA), which is used on roads, and urea and potassium acetate, which are used on
runways. Road salts aso contain additives such as adirasives (eg., sand and cinders), anti-corrosive
compounds (eg., PCI or lignosulfonate, and CG-90 products), and anti-caking compounds (e.g.,
sodium ferrocyanide and ferric ferrocyanide). Only chloride sdts, sodium ferrocyanide, and ferric
ferrocyanide are being consdered under the Road Sdt Assessment. The chloride assessments form the
bass of this report while the sodium ferrocyanide and ferric ferrocyanide assessments are being
conducted under the leadership of A. Letts (Morton Salt, Chicago, IL). Other potential components of
road sdt, such as urea, cacium magnesum acetate, and abrasives (e.g., sand), were not included
because they are either monitored under other programs or are not used to any great degree in Canada.

1.2.2 Study Area, Speciesof Concern, and Time Period

The study area includes inland streams, lakes, and wetlands across Canada, dthough studies from the
United States have also been included. “Stream” is a generic term referring to lotic or running-water
environments, ranging from springs, creeks, and streams. “Rivers’ are larger flowing waters. A “lake’ is
defined as a permanent body of water that has two distinct zones, the littoral and the pelagic. The littora
zone is located near the lake shore where rooted and floating aquatic plants (i.e., macrophytes) grow.
The pelagic zone is further from shore and rooted plants do not occur in these deeper waters. Smaller
water bodies such as ponds are included in the “lake’ designation. A “wetland” is differentiated from a
lake in this review by the fact that wetlands may be ephemerd (i.e, they may dry up during the
summer). Wetlands, being shdlow systems, generdly have a widespread growth of rooted and/or
floating aguatic macrophytes. Marshes, bogs, svamps and doughs are included in the category of
wetlands.

Species of concern include al aguatic species for which there is data (i.e.,, bacteria, protozoa, fungi,
phytoplankton, zooplankton, macrophytes, benthic invertebrates, fish, amphibians, and aquatic birds).
Information on salt toxicity was collected for individua species as well as effects on ecosystem structure
and function.

The time period of road sdt gpplication considered includes winter gpplications for deicing of roads and
summer applications for dust suppression. The review itsdlf includes information gathered from the early
1900's (toxicity studies) to the present time.

1.2.3 Methodology

Mog of the information summarized in this literature review was obtained usng two methods. 1)
collection of published literature and 2) collection of information from persond correspondence. Books,



journd articles, and conference proceedings containing information on road sdts and thelir additives
were collected from loca libraries. As well, many references were received from a literature search on
road sdts conducted by the Chemica Evduations Branch during the problem formulation stage
(Environment Canada 1997a).

In order to broaden the background data, upon which the assessment is based, approximately eighty
organisations and government agencies were contacted in summer 1998 in order to solicit unpublished
information and opinions on the effects of road sats on the aguetic environment. Organisations that were
contacted included provincid tilities, fisheries, academic indtitutes, and scientific societies. Two
scientific societies, North American Lake Management Society and Society of Environmenta
Toxicology and Chemigtry, posted notes on ther web-dtes and in ther newdetters requesting
information for this literature review. The federd government agencies contacted included the
Department of Fisheries and Oceans and Parks Canada. Provincid government agencies contacted
included Departments of Fisheries, Water Quality, Transportation, and Resource Management.

Approximately 50 replies were obtained following the initial correspondence. Some responders replied
by amply dating that they were interested in the reaults of the project. Others provided persond
experiences or unpublished literature. Many provided additiond contacts and referrals to other
individuds. Overdl, the correspondence was effective for retrieving information that would not have
been obtained via more traditiona means, such as the library search. Information continued to be
received as the activities of the Road Sat ERG became better known.

1.2.4 Report Organization

This report will focus on various aspects of the literature required to conduct the Tier 1-3 Assessments.
In brief, these sections are as follows:

Section 2 (Road Sdlt Characterization) describes sdlinity in the environment and road sdts.

Section 3 (Entry Characterization) describes the naturd factors affecting water sdinity and the entry of
road sdt into the environment. This section dso synthesizes the results of other ERG members
investigating natura levels of sainity in the Canadian aguatic environment and road sdt gpplication rates.

Section 4 (Exposure Characterization) is based on a literature review of the effects of road st
goplications on the sdinity of aguatic ecosystems. It aso discusses the effects of road sdt on lake
meromixis. The results are presented in a more detailed and tabular form in Appendix A.

Section 5 (Effects Characterization, Part 1) discusses the letha and sublethd effect levels of sodium
chloride as determined from laboratory studies. Cacium, potassum, and magnesium toxicity deta dso
are reported. Factors affecting toxicity and limitations of these studies are discussed. Appendix B
presents these results in amore detailed and tabular form.



Section 6 (Effects Characterization, Part 2) begins with abrief synthess of the effects of naturd forms of
sinity on aguatic environments. It then discusses fidd studies which have characterized the impacts of
road sats on stream, lake, and wetland ecosystems. It dso includes studies which indicate that other
factors may have affected the eevated sdinity levels observed in these studies. Included in this section
are the results of sudiesinvestigating the impacts of naturd brine seepages and increased sdinification of
streams and lakes on aguatic ecosystems. Appendix C presents these results in a more detailed and
tabular form.

Section 7 (Tier 1-3 Assessments) contains the proposed assessment of “toxic” under CEPA. It
identifies geographic regions and habitats which appear to be the most vulnerable to road sdt impeacts. It
provides the final estimate and description of the ecologica consequence of road sdt gpplications on
aquatic environments.

Section 8 (Genera Discussion) discusses the use of roadways in human society and devel ops scenarios
in which road sdts may pose a hazard to the environment. A find brief discussion isincluded a the end
of this section.



2.0 CHARACTERIZATION OF SALINITY IN AQUATIC
ECOSYSTEMSAND OF ROAD SALT

21  What is Salinity?

Sdinity is the total concentration of sdts in water. Inland waters usudly are dominated by the cations
ca’*, Mg?*, Na', and K* and the anions HCOs*, CO5%, SO,%, and CI' (Wetzel 1983). The mgority of
freshwater lakes range in sdinity from 100-500 mg/L and are cacium-carbonate dominated. By
contrast, oceans have an average sdinity of 35,000 mg/L and are sodium chloride dominated. When
road sdts (i.e., NaCl, KCl, CaCl,, MgCl,) are added to water, these sdts return to an ionic state and
directly increase the sdlinity of the receiving water bodly.

Inland aguetic ecosystems can be classified according to their sdinity (Hammer 1986a). Waters are
classfied as fresh if their sdinity is less than 500 mg/L, subsdine if their sdlinity ranges from 500 to
3,000 mg/L and sdine when sdinity is equa to or greater than 3,000 mg/L. Hammer (1986a) dso
defined three categories of sdine waters: hyposdine (3,000 to 20,000 mg/L sdinity), mesosaine
(20,000 to 50,000 mg/L sdinity) and hypersdine (greater than 50,000 mg/L).

211 TheWorld'sWaters

Most of the world's waters reside in the oceans (Table 2-1). The polar ice caps and groundwater are
the next largest components of this water followed by freshwater lakes (Vadlentyne 1972; Goldman and
Horne 1983; Hammer 1986b). Sdline lakes and inland seas, at 104,000 kit versus 125,000 kn® for
freshwater lakes, account for the next largest fraction in this classfication. If the Ard (970 knt) and
Caspian (79,300 kn?’) seas are removed from these estimates (Hutchinson 1957), sdine lakes and
inland seas account for 23,700 knt of the world’ s waters.

Table 2-1: Digribution of water in the world. Source: Goldman and Horne (1983)

Site Volume (1000 k)

Freshwater lakes 125
Sdinelakes and inland seas 104
Rivers and streams 1.3
Soil water 67
Groundwater 8,350
Polar ice capsand dl glaciers 29,200

Totd for land 37,800

Totd for atmosphere 13

Tota for oceans 1,320,000




It is quite gpparent, then, that salinity, especidly sodium chloride-dominated sdinity, is a natura festure
of the Earth’s waters. Organisms have become adapted to a sdt water life over the millions of yearsin
which the Earth’'s oceans have exigted. It a0 is apparent that reserves of easly-accessible surface
freshwater are a relatively smal component of the world's totd water supply. Demand on these
reserves isincreasng with increased population and technologica growth and the qudity of these waters
is being threstened. Road sdt is one of a myriad of substances being investigated which potentidly is
harmful to the aquatic environment and human hedth.

2.1.2 Thelonic Compostion of the World’'sWaters

The mean globad sdinity of seawater is 35,000 mg/L (Table 2-2). The globad mean for river water is
104.7 mg/L. If nitrate (1 mg/L), ferric oxide (0.67 mg/L), and slica (13.1 mg/L) are included, the
average becomes 120 mg/L. In North America, sdinity is dightly higher a 132.4 mg/L, primarily due to
higher concentrations of calcium and carbonate. Sodium and chloride, on average account for 21.1%
and 16.6% of the cations and anions (on amilliequivalent basis) of North America sriver waters.

Table 2-2: Mean ionic compostion of river water (North America and the world average) and the
mean ionic composition of ocean water. Source: Wetzd (1983) and Raymont (1967)

Cca® | Mg® | Na" | K* COs* SO~ cr um
(HCO3)
N. America 21 5 9 14 68 20 8 1324
(mglL)
Cations (meq) 11 04 04 004 19
Anions (meq) 11 04 03 18
World (mg/L) 15 41 6.3 23 58 112 78 104.7
Cations (meq) 038 03 03 01 15
Anions (meq) 10 02 0.2 14
Oceans (mg/L) 409 1300 | 10,770 338 140 2,710 19,370 35,087
Cations (meq) 205 1084 4684 100 607.3
Anions (meq) 23 564 546.3 605.0

2.1.3 Salinity and the Properties of Water

Sdinity is an important factor affecting the density of water. The density of pure water a 4°C is 1.00000
(Figure 2-1). Dengty increases with increasing salt content to reach 1.02822 at sea water sdinity
(Wetzel 1983). The dendty increase between pure and 1 g/L sdlinity water is 0.00085, between 1 and
2 g/L dinity water is 0.00084, and between 2 and 3 g/L sdinity water is 0.00082; dengity increasesin
goproximatdy a linear manner with increasing sdinity. Therefore, sream water with a sdinity of 4 g/L,
on entering afreshwater lake of the same temperature, would sink to the lake floor in a dengity plume. A



great ded of energy isrequired to mix this dense water into the lighter and lower sdinity overlying water
column.

Figure2-1: Dengty as afunction of temperature and sdinity. The dengty difference per change in
temperature and salinity is aso shown (adapted from Wetzdl 1983).
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Sdinity lowers the freezing point of water by about 0.2 °C per 1 gm/L increase in sdinity (Wetzd
1983). While pure water freezes a 0°C, sea water freezes at -1.91 °C. Sdline lakes located in cold
regions such as Saskatchewan have subzero water temperatures during winter (Hammer and Haynes
1978; Hammer and Parker 1984). Theoreticdly, a sdine lake with a salinity of 100 g/L could reach a
winter temperature of -20 °C without freezing.

Temperature dso is an important factor affecting water density (Figure 2-1). Freshwater reaches its
maximum dengity a 4 °C. Densty decreases with lower temperature, with the maximum density of



1.0000 occurring at 4 °C (Wetzel 1983). Above this temperature, the density decreases, but at a non-
linear rate. The energy required to mix water is a function of the difference in density between the weter
masses. The amount of work required to mix waters between 29 °C and 30 °C (density difference =
0.0002979) is about 40 times that required to mix waters between 4°C and 5 °C (density difference =
0.0000081). Thus, as lake waters warm through summer, they thermdly dratify because of this
increased resistance to mixing. Any resdud salt-laden water at the bottom of the lake will be even more
resgtant to mixing in summer than winter.

Sdinity tends to have a more powerful effect on lake water density than temperature, particularly during
the colder months of the year. The density difference between 4°C and 5°C is only 0.0000081 and it
requires 10 mg/L of sdt to give the same resstance to mixing (Wetzd 1983). The amount of work
required to mix waters between 24 °C and 25°C is 30 times that required to mix waters between 4°C
and 5 °C or equivaent to a 300 mg/L increase in sdinity. Therefore, 2300 mg/L increase in sdinity will
have a pronounced effect on water column mixing, particularly if that sdinity forms a cold, deep water

layer.

2.1.4 Salinity and Lake Meromixis

Mog lakes undergo verticad mixing, resulting in an exchange of deegp and surface waters. Such
exchanges are important for transferring oxygen-rich water to the deeper regions of the lake. In the
absence of such exchanges, degp-waters can become anoxic. Vertica exchanges also are important in
transferring nutrients regenerated in the deeper regions of the lake to the surface where they become
avalable to the phytoplankton community. Verticad mixing is driven by the winds, which mix surface
waters down to depths dependent on lake fetch, surrounding topography, and water temperature.
Verticd mixing aso is driven by changes in water temperaure. In regions where winter water
temperatures decline to below 4 °C, spring warming is accompanied by an increase in water density,
promoting the vertica exchange of warmer, nearshore waters with offshore, colder and less dense deep
waters. In autumn, lake cooling is accompanied by an increase in water dengity and Smilar inshore-
offshore and vertical exchanges of waters.

Meromixis occurs in lakes when conditions develop which prevent the vertica exchange of surface and
deep waters (Wetzd 1983). This occurs when a sufficient gradient exists in sdinity to override the
effects of seasond variations in water temperature on dengty and lake mixing. This chemicaly induced
dratification can occur in three basic ways. Ectogenic meromixis occurs when salt water intrudes into a
lake. This typicdly occurs in coasta regions. Another instance of ectogenic meromixis occurs when
sine lakes become overlan with a layer of freshwater from an intense rainfal or from irrigation.
Crenogenic meromixis occurs when submerged sdine springs enter freshwater lakes. Biogenic
meromixis occurs when sdts are rdleased in deep waters through the decomposition of organic matter.
Nearly al deep tropica lakes are meromictic. Biogenic meromixis increases in frequency in lakes which
are very deep and dso is common among lakes that are small in surface area, of moderate depth, and
are shdtered from prevailing winds. Such lakes are especidly common in continental regions which
experience long, severe winters where ice cover is prolonged.
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Road sdt has the potentid to impair the norma circulaion within lakes when it is introduced as a dense
plume. Smdl, moderatdy deep lakes will be the most vulnerable to such meromixis, especidly in areas
of heavy road sat application (e.g., the Maritimes and southern Ontario and Quebec, especidly in urban
aress). Larger lakes are less vulnerable because the intruding sat-water plumes experience grester
dilution as they flow aong the lake floor towards the deeper regions of the lake. In addition, larger lakes
have greater fetches and hence more powerful wind-driven currents and other water exchanges.

2.2 What is Road Salt?

Road sdt consgts of various chlorides: sodium, cacium, magnesium, and potassum. In addition, oil fidd
brines containing calcium, sodium, and magnesum chlorides can be used in road sdt formulations
(Environment Canada 1997a).

Sodium chloride is by far the leading chloride used for road deicing with the total amount used in
Canada estimated at 4,240 kt/year (Environment Canada 19974). The generd Canadian application
rate for sodium chloride is 130 kg/2-lane km (two-lane kilometre) of highway dthough the rate varies
from 50-300 kg/2-lane km of highway depending on the highway and road conditions. Sodium chloride
is gpplied asasolid and is highly soluble in water with solubility decreasing with decreasing temperature.
The cryohydric or eutectic point (the lowest freezing temperature of asolution) is-21.1 °C (Table 2-3).
While sodium chloride is applied at temperatures as low as -28 °C, at this temperature it acts only as
grit; its effective working range is -3.9 to -9.4 °C (Nova Scotia Department of the Environment 1989).
Thus, sodium chloride is mogt effective as a deicer in those regions of Canada which experience
ratively mild winters (eg., the Maritimes, southern Ontario and Quebec, and British Columbia).
Sodium chloride has alow hygroscopicity, meaning it does not readily absorb atmospheric water, and is
endothermic, in that it requires externd heat in order to dissolve. Most sodium chloride is obtained
through rock salt mining or as a by-product of potash (potassum chloride) production.

Cacium chloride is the second most common chloride used with atota annual use rate of 267.8 kt/year
(Environment Canada 1997a). It is primarily used as a dust suppressant in the summer on gravel and
other unpaved roads, particularly during road congtruction. Only 26.8 kt/year is used in winter for road
deicing a rates subgtantidly lower than that of sodium chloride. As a dust suppressant, cacium chloride
works most effectively on gravel roads that have less than 12-15% fine particles such as sand and silt
(CH2M Hill 1993) and is gpplied at a rate of 2.4-5.4 kg/2-lane km of highway. For municipa gravel
roads, cacium chloride works most effectively in regions where the relaive humidity exceeds 50%.
During periods of high rainfdl, the road surface may become muddy, dippery and the cacium chloride is
leached from the road surface.

Cdcium chloride is sometimes mixed with sodium chloride in order to improve deicing and reduce road

sdt gpplication rates. Cacium chloride can be applied as a flake, liquid, or brine, depending on its
formulation. Brines are gpplied during dust suppression. Cacium chloride is even more soluble in water
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than sodium chloride with solubility decreasing with decreasing temperature (Table 2-3). The eutectic
point is -51.6. While calcium chloride is applied at temperatures below -23 °C, its effective working
range is-3.9 to -31.6 °C (Nova Scotia Department of the Environment 1989). Cacium chloride has a
high hygroscopicity and exists as cdcium dihydrate (CaCke2H,O ) and cacium hexahydrate
(CaCl»6H,0). Cdcium chloride is an exothermic sdlt, rdleasing heat when it dissolves. Mogt cacium
chloride used in Canada is obtained as a by-product of brine well production. Cacium chloride requires
more care in its gpplication as a road sat than sodium chloride because, under certain conditions, its use
can create dippery roads.

Potassum chloride is dso used as a road deicer and has an estimated annua usage rate of 3.3 kt/year.
It is gpplied as a solid, usudly as potash mine tailings or in formulations such as Motech, a by-product
of sugar beet processing. There is no data on potassum chloride application rates. Potassum chloride is
gmilar to sodium chloride in its physica-chemica properties dthough it has subgtantialy higher working
(down to -3.9°C) and eutectic (-10.5°C) temperatures (Table 2-3).

Magnesium chloride is used as a road deicer, deicing additive, and for off-road dust suppression (i.e,
on materid piles, road shoulders, or trandfer materid ponds). There is no data on its annud usage rate.
Magnesum chloride can be gpplied as a flake, liquid, or brine, depending on its formulation.
Freezegard, a 70% water, 25% MgClL+H,O and 5% PCI or lignosulfonate formulation, has been tested
as adeicer and used at an gpplication rate of 595 L/2-lane km of highway. Brines are gpplied for dust
suppresson. Magnesium chloride is more soluble in water than sodium chloride (Table 2-3) and has a
lower eutectic temperature (-33.3 °C). Its working temperature is down to -15 °C. It is more
hygroscopic than cacium chloride and requires grester care when handling in a dry condition; it is
modtly effectively used in a dissolved condition (OECD 1989). In Europe, magnesum chloride is
obtained as a by-product of the production of potassum compounds. It is highly corrosive making its
use controversid.

Qil field brines tend to be used as dust suppressants. There is no data for their annua usage or
goplication rates. Qil fidd brine is a solution of gpproximatey 30% cacium, sodium, magnesum and
chloride, dthough magnesium aso can occur in higher concentrations (CH2M Hill 1993).



Table 2-3: Physical-chemical properties of road sdts. Source: Nova Scotia Department of the

Environment (1989); Kirchner et d. (1992); Environment Canada (1997a); TAC Sdt

Management Guide (1999).
NaCl CaCl, | CaCl,. 35 MgCl, KCI
2H,0O | %CaCl,
(37%)
Form solid Flake | liquid brine lid lid
Molecular Weight 58.44 | 110.99 | 147.02 - 95.21 74.55
Density 2.17 2.15 1.85 1.35 2.32 1.98
Mdting Point (°C) 801 772 deh. -7 714 770
176
Bailing Point (°C) 1,413 | 1,935 deh. 116 1,412 sub.
176 1,500
Eutectic Temperature (°C) -21 -51.6 - - -33.3 -10.5
Practica Working to-9.4 To-— - - to-15 to-3.9
Temperature (°C) 31.6
Ineffective Temperature (°C) -17 -34.4 - - - -15.0
Water solubility
gnwL a0°C 357 371 977 | very sl 543 344
gm/L a 100 °C 391 425 326 | verysol. 727 567
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3.0 ENTRY CHARACTERIZATION
3.1 What Affectsthe Salinity of Aquatic Ecosystems?

The sdinity of aguatic ecosystems is affected by natura forces and anthropogenic activities (Wetzd
1983; Hammer 1986b). Naturd forces, which have been occurring for hundreds of millions of years,
have resulted in the world's oceans having an average sdinity of 35,000 mg/L while the world's rivers
have an average sdinity of only 105 mg/L. Anthropogenic activities are more recent and include the
addition of sdts through various discharges, increased eroson, and the concentration of sdtsin awater
body through the reduction of water inputs (e.g., through diversions).

3.1.1 Natural Forces

Sdts naurdly enter surface waters through many pathways of the water cycle, including direct
precipitation, stream inflow, overland runoff, and groundwater inputs (Figure 3-1). Rivers and streams
pick up sats as they erode rocks or travel through soils, subsequently transporting sdts to lakes and
wetlands. Different rock types yidd different amounts of sdts. Igneous rocks and their associated soils
genedly have lower chloride concentrations than shde and limestone (Pringle et a. 1981).
Groundwater can enter rivers and lakes directly by seeping into surface waters or indirectly via springs
that originate from groundwater. While rainweater tends to be low in dissolved sdts, precipitation can
carry sdts inland from the oceans. Underwood et d. (1986) identified sea sdt as the mgor source of
total ions present in both the precipitation and inland lakes of Nova Scotia, Canada.

Evaporation from surface waters can increase sdt concentrations by reducing the volume of water,
especidly in arid and semi-arid regions where evaporation exceeds precipitation (Wetzd 1983). If
evgporation is high enough it can result in the crysdlization and subsequent sedimentation of minera
sdts. Sdts can dso accumulate in lakes when outflow water is restricted (Wetzd 1983). Conversdly,
seasond rains provide rivers and lakes with low sdinity water. While seasond inputs of rains do not
have a pronounced affect on the sdinity of freshwater systems, they can sgnificantly lower the sdinity of
shdlow, sdine lakes; this can cause stress in organisms adapted to these highly sdine weaters (Goldman
and Horne 1983). This freshwater input can dso result in the sdine lake becoming meromictic.

Gibbs (1970) conducted a classc investigation of the factors affecting the sdinity of the world's surface
waters. He noted that sdinity is controlled by rock dominance, atmospheric precipitation, and by
evgporation and sdt precipitation processes. Fresh waters where the sdinities are most strongly
determined by rock dominance tend to be calcium and bicarbonate dominated and their sdinities are
close to the world average. Waters draining sedimentary rocks are dominated by cacium, followed by
magnesium with much lower proportions of chloride and potassum and by carbonates with lower
proportions of sulfate and chloride (Wetzd 1983). Drainage from igneous rocks tends to have a lower
inity (i.e, < 50 mg/L) because of the lower dissolution potentid for these hard and often well-
wegthered materids. In these waters, cacium again dominates, but is followed by sodium, and then
magnesum and potassum. Moreover, chloride tends to be the dominant anion followed by sulfate and
carbonate.
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Rainwater, like sea water, is dominated by sodium and chloride ions (Gibbs 1970). As aguatic systems
become dominated by precipitation, salinity decreases and the dominance of sodium and chloride ions
increases (Gibbs 1970). For example, tropica regions such as the Amazon are low sdinity, sodium-
chloride dominated systems. Lakes and rivers located near marine systems aso may receive enriched
sodium and chloride concentrations from airborne sea pray that becomes incorporated into rainfall. For
New England coastd lakes, the sea spray influence occurred primarily within 60 km of the coast
(Sullivan et d. 1988). Such sodium-chloride dominated systems typically are low sdinity systems.

Figure3-1:  Smplified representation of the magor pathways of the runoff phase of the hydrologica
cycle (adapted from Wetzel 1983).
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Ancther factor affecting lakes is evaporation, which causes increases in sdinity, and, a the same time,
minerd precipitation, causing changes in the ionic ratio (Gibbs 1970; Wetzd 1983). As cdcium and
magnesum carbonates precipitate with increasing sdinity, the proportion of sodium and chloride
increases. Cacium sulfate is less soluble than sodium chloride and tends to precipitate first (Birkeland
and Larson 1978). Thus, oceans and sess are sodium chloride dominated. In addition, there are many
naturaly-occurring sdine lakes in many regions of the world, including Canada, the United States,
Australia, Ethiopia, and Mongolia (see Section 2 and 6).

15



Egtuaries, where marine and fresh waters meset, form another category of sodium chloride-dominated
sdine sysems. Sea waters may penetrate some distance inland under two driving forces — tides and
entrainment. The Pacific Ocean may penetrate 25 km or more upstream of the Columbia River during
high tide and low river flow (Pruter and Alveson 1972).

3.2  The Salinity of Canada’s Surface Waters

The ionic concentration and composition of most of Canada s surface waters are rock dominated, with
cacium and carbonate ions predominating and low total dissolved solids concentrations. In generd, the
lowest sdlinity waters tend to be found in lakes and rivers Stuated on the Canadian Shidd, particularly in
the maritime regions where precipitation rates are high. However, even within these regions, there can
be smdll variaionsin ionic concentrations and compogtion of lake waters (Table 3-1).

Table 3-1. Mean ionic compostion (mg/L) and conductivity (n&/cm) of rock-dominated lake
waters in a saries of lakes north of Great Save Lake, NWT and in Wood Buffao
National Park, Alberta. Sources: *Pienitz et a. (1997) Moser et al. (1998)

Ca® | Mg®™ | Na' K* COs” so/# | CI' | Cond.
(HCOy)
NWT?
Boredl forest 7.5 - 2.2 1.1 6.1 1.6 2.2 52.5
Forest-tundra 2.0 - 0.8 0.6 1.3 1.0 0.7 17
Arctic tundra 0.7 - 04 04 1.2 0.9 0.6 9.5
Alberte
Muskeg 445 | 125 | 23 11 324 11.0 1.4 221
Snkhole 516 | 221 | 44 2.5 37.3 47.6 2.4 326
Shidd 49 1.7 2.1 0.4 3.6 2.9 3.8 38

The Laurentian Great Lakes present another example of regionad geologica influences in affecting
sinity (Table 3-2). Lake Superior, located dmost entirdy in the Precambrian Shield, has a
condderably lower sdinity than lakes Ontario and Erie, located in sedimentary rocks. Anthropogenic
activities aso account for some of the regiond differencesin sdinity (Beeton 1969).
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Table3.2: Totd dissolved solids and ionic compaosition (mg/L) of the Great Lake waters. Source:

Hough (1958)
Lake cat | Mg | Na'+ | CO# | SO Ccr | TDS!
K+
Superior 13.5 3.2 33 28.5 2.2 1.1 60
Huron 24.2 7.0 4.4 51.0 6.2 2.6 108
Michigan 26.2 8.3 4.7 58.4 7.3 2.7 118
Erie 31.2 7.6 6.5 505 | 13.1 8.8 133
Ontario 31.7 7.4 6.4 612 | 123 7.9 134

'Other contributionsto TDS are SO, and Fe,0;

A more detailed presentation of information on ionic concentration and composition of Canada' s rock-
dominated surface waters may be found in Mayer et d. (1999) and various reports and publications
cited therein.

3.3  Naturally Occurring Saline L akes

Sdine lakes in Canada occur in closed drainage basins (i.e, without an outlet) in regions where
evaporation rates exceed precipitation rates. These sdine lakes are primarily located in two regions. 1)
the Canadian Prairies, specificdly in the provinces of Saskatchewan and Alberta, and 2) the Southern
Interior Plateau of British Columbia between the Coastd and Columbia Mountain ranges (Hammer
1984). These two regions are in the rain-shadows of the Rocky and Coastal Mountain Ranges,

respectively.

Some sdine lakes are found in Manitoba. For example, many saline marshes, seeps, and springs are
located dong Lake Winnipegoss, particularly adong its western shore (McKillop et d. 1992). The
sodium chloride originates from the dissolution of the Devonian Prairie Evaporite formation. Sdinities at
the 23 dtes investigated in 1988 and 1989 ranged from 1,600 mg/L to 60,600 mg/L (McKillop et d.
1992).

Saskatchewan has the greastest number and volume of sdine lakes in Canada including approximately
500 sdline lakes with areas greater than one square kilometer (Hammer 1986a). Fifty-seven sdine lakes
with sdlinities from 3,000 to 342,000 mg/L have been investigated in the province (Hammer 1984).
Many were dominated by sodium, magnesum and sulfate (Hammer 1984). Chloride, sodium, and
cacium concentrations ranged from gpproximately 100 mg/L to 18,000 mg/L, 500 mg/L to 30,000
mg/L, and 50-700 mg/L respectively. Sdine lakes are much less common in Alberta than in
Saskatchewan, with most located in the Provost and Hanna regions. Hammer (1984, 1986a) classified
approximately 30 lakes as sdine and, like Saskatchewan, many were dominated by sodium-magnesium
lfate.
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Sdine lakes in British Columbia tend to be very small (maximum area= ~1 kn) and shalow (maximum
depth = ~20 m) (Hammer 19864). The sdinities of seventeen sdine lakes in the Southern Interior
Pateau of British Columbia ranged from 2,600 to 45,800 mg/L (Hammer and Forro 1992). However,
within this region are sodium bicarbonate and magnesum sulfate brines, as well as, lakes with
intermediate ionic composition (Cumming and Smol 1993). Saltspring 1dand, off the southwest coast of
British Columbia, has many naturdly sdine springs. These springs originate from a source a least 1000
m deep and are digtinct in chemicd compostion from the surrounding seawater (Ring 1991). The
gprings are hypersdine, with average sdinities gpproximately 2.2-fold that of seawater.

Sdine lakes can dso be found in the Northwest Territories. Garrow Lake, located 3 km from the
southern tip of Little Cornwalis Idand, is a hypersdine lake in the Arctic (Ouellet et d. 1989). It has an
area of 418 ha and a maximum water depth of 49 m. The sdinity of the bottom water is extremey high
(90,000 mg/L or nearly 3 timesthat of the ocean), which prevents complete vertica mixing, thus making
Garrow Lake a meromictic lake. The deep, hypersdine water is believed to have been derived from
isodtatically-trapped marine waters.

34  Pathwaysfor Road Salt Entry into Aquatic Ecosystems

Humans augment the quantity of sdts in surface waters through the reease of indudtrid effluents and
domestic sewage as well as the application of road sdts. The sats may be directly released to streams,
lakes or wetlands or may enter surface waters indirectly via various pathways of the water cycle (e.g.,
precipitation containing atmospheric contaminants, leaching into groundwater, etc.). Other important
processes include the physica disturbance of watersheds, which results in the increased mobilization of
some sdts, and the evaporative increase in sdt concentration through water diversions. The increased
sinification of waters is a growing problem in a number of semi-arid regions of the world where
increasingly large volumes of water are being diverted for agriculturd, industrid and urban needs (e.g.
Hart et d. 1990; Leland and Fend 1998; Williams 1987).

Road sdts may enter aguatic ecosystems dong severd pathways (Fig. 3-1), which are asfollows:.

1) Road sdts may enter solution soon after gpplication and are then carried by runoff into drainage
ditches, streams, wetlands, etc. For example, Crowther and Hynes (1977) recorded a pulse in
chloride concentrations of 1,770 mg/L CI in Laurd Creek (southern Ontario) which was caused by
road runoff. Similarly, chloride concentrations in a drainage ditch near Jamesville, New Y ork (south
of Lake Ontario) increased from 20 mg/L CI to a maximum of 5,550 mg/L CI following road-sdt
goplication and runoff (Champagne 1978). Severd factors affect the concentration of road sat
runoff into aguatic ecosystems. These include: @) the length of mgor road treated, b) the amount of
st gpplied prior to the thaw period, ¢) road drainage pattern and topography, d) discharge rate of
the recelving stream, €) degree of urbanisation, f) rate of rise and duration of temperatures above
freezing, and g) precipitation (Scott 1981).
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2)

3)

4)

5)

Rain can wash sdts out of sdt-contaminated soils and into surface waters long after sdts are
origindly applied to the highway. Road salt gpplied to highways within the watersheds of the Black
Creek and Don River (near the northern boundary of Metropolitan Toronto) entered the soil and
increased both chloride and sodium levels for distances of gpproximately 15 m on ether Sde of the
highway pavement (Scott 1980a). During the summer months, some of the sdt stored in the
roadsde soils leached into Black Creek and caused elevated sdt levels of up to 405 mg/L (Scott
1980b). Concentrations were not as high as those observed in winter (up to 6,000 mg/L), but they
perssted for most of the summer.

Ecosystems close to roads can be contaminated by salt spray created by moving vehicles. Such
aquatic systems include ditches, streams, and wetlands. The maximum distance sdt migrates away
from the road due to moving traffic is directly proportiona to the velocity of the vehicle. McBean
and Al-Nassri (1987) found that sdt from roads could be sprayed up to 37 m away from the
highway by vehicles traveling 100 km/hour. Wind, road gradient and geometricd fegtures of the
road also affect sat migration (McBean and Al-Nassii 1987).

Urban sdt-contaminated snow is often removed from city streets and deposited in other areas
where contamination of aguatic ecosystems may occur. In Montreal, Quebec, snowstorms of more
than 10 cm require snow-loading and remova operations (Leduc and Ddlide 1990). The show is
dumped ether a a quarry, down a sewer chute, or a a surface ste. Snow aso was dumped into
the St. Lawrence River until 1986, when this method of snow disposa was prohibited by new
regulations (Delide et al. 1995). However, between 1997 and 1998, Montreal dumped 19.3% of
its snow into the . Lawrence River with the remainder being deposited into quarries (37.7%),
surface storage (25%) and into sewer lines (18%) (Delide and Deriger 1999). Smilarly, snow
dumping into coadtd lakes in British Columbia has been identified as dtering the water chemigtry of
these lakes (Warrington and Phelan 1998).

Runoff from sdt-storage areas can result in dgnificant quantities of sdt entering both ground and
surface waters. Ohno (1990) found that runoff from unprotected sand-sdt piles in east-centra
Maine resulted in chloride concentrations up to 13,500 mg/L in surrounding surface waters. In
Canada, Morin and Perchanok (2000) estimate that there are 1,300 patrol yards at the provincial
levd and an unknown number of municipd, county, and privately operated yards. The average
amount of sat stored per patrol yard ranges from 1,275 tonnes to 3,753 tonnes within each
province. These sdts are stored insde igloos, domes, slos, and sheds, and outside on gravel Sites,
gravel pits, highway maintenance yards, on concrete, tarp, or firm ground (Environment Canada
1997b). Best storage management practices (indoor storage) results in an estimated salt loss of only
0.2% while outdoor storage can result in loss rates of 22% and higher (Snodgrass and Morin
2000). Poor management practices can therefore result in contaminated ground water and adjacent
terrestrial and aqueatic ecosystems.
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6) Road sdts can leach into groundwater and then enter lakes via the sdt-contaminated groundwater.
The chloride concentration in Sparkling Lake, Wisconan, increased from 2.61 mg/L in 1982 to
3.68 mg/L in 1991 due to chloride inputs from contaminated groundwater (Bowser 1992).

3.5 Retention Timeof Saltsin Aquatic Ecosystems

Retention time is the length of time that a chemical remains in an agqueatic ecosystem before it is removed
by natura processes, such as being carried away in outflowing water. Retention time can affect the
amount of salt accumulated in an ecosystem and the impact the sdt has on the ecosystem.

When apulse of sdlt is added to a stream, the pulse will travel down and out of the stream in ardatively
short amount of time (i.e., days to weeks, depending on the width, gradient and length of the stream)
because the water is congantly flowing through the stream. Therefore, streams, in generd, have a
relatively short retention time, limiting the window of opportunity the pulse of sdt has to impact the
stream ecosystem. However, if sdt is continualy added, the window of opportunity for sat to impact
the stream is greatly increased. This may occur as sdts continue to be leached from road st
contaminated soils through spring and summer and/or if Sreams are fed by sdt-contaminated
groundwater.

Drainage ditches may have short or long retention times, depending on ther gradient and drainage
pattern. If a ditch is steep and water within it drains rapidly to some other watercourse, the retention
time is relativdy short. However, if the ditch is leve, sdt-laden water will remain in the ditch and
contribute to along retention time. Evaporation through the summer may contribute to an increase in st
concentration.

Lakes tend to have rdatively longer retention times (i.e., years to decades). As a result, even if st is
added in smdl quantities over a few months every year, some of the sdt may be retained each yesr,
leading to a gradud increaese in sdinity over severd years. Longer retention times mean more time is
required for salt concentrations to decrease after additions have stopped, therefore, increasing the length
of time aguatic biota could potentidly be affected.

Like lakes, wetlands may have long retention times. However, concentrations of sdts in wetlands may
be more greetly affected by evaporation of water than lakes are. Evaporation of water from shalow
wetlands will reduce the volume of water, increasing the concentration of sdtsin the remaining weter.

3.6 Road Salt Application Rates

Morin and Perchanok (2000), with the ERG, have provided estimates of road sdt application rateson a
Canada-wide basis. They estimated that some 2,950,728 tonnes of chloride are used on Canadian
roads, the mgjority as sodium chloride (Table 3-3). Ontario is the largest user (1,148,570 tonnes)
followed by Quebec (950,444 tonnes), Nova Scotia (230,182 tonnes) and Newfoundland (135,384
tonnes). Road sdt application rates in British Columbia average 93,900 tonnes and 114,641 in Alberta
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Provinces such as Saskatchewan (33,642 tonnes) and Manitoba (46,880 tonnes) and the Y ukon

(2,139 tonnes) and the Northwest Territories (2,989 tonnes), have lower application rates due to a
combination of the very low winter temperatures, which are below the working range for road sdt, and

the lower dengity of roads.

Table 3-3: Totd chloride use (tonnes) gpplied in annudly on roadways in Canada. Source: Morin

and Perchanok (2000)
Province Totd chlorides
British Columbia 93,900
Alberta 114,641
Saskatchewan 33,632
Manitoba 46,880
Ontario 1,148,570
Quebec 950,444
New Brunswick 173,896
Nova Scotia 230,182
Prince Edward Idand 18,061
Newfoundland 135,384
Y ukon Territory 2,139
Northwest Territories 2,989
Totd 2,950,728

Morin and Perchanok (2000) also determined that application rates vary between provinces, as well as
within each province. Highest rates (3-11 kg/n? provincid sdtable road) are in southern Ontario,
Quebec, and in Alberta. The next highest rate, 1.5-3.0 kg/n? sdltable road, are in most of the Maritime
provinces, western Ontario, northwest Alberta, and the south interior of British Columbia. Rates of 1.0—
1.5 kg/n? sdtable road are in parts of Ontario, Alberta, British Columbia, and New Brunswick. This
sudy provides useful information in identifying which regions of Canada are potentidly the most
vulnerable to adverse impacts of road sat on aguatic ecosystems.
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40 REGIONAL EFFECTSOF ROAD SALT APPLICATION ON
STREAM, LAKE, AND WETLAND ECOSYSTEMSIN CANADA

4.1 I ntroduction

This section reports the findings from studies investigating the effects of road sdt on aguatic ecosystems
in various regions of Canada as well as studies conducted in the United States. The properties
conddered in this section are increased sdinity and the induction of meromixis in lakes. Meromixis
occurs when verticd mixing of lake waters is prevented by strong densty gradients resulting from
pronounced chemica gradients. The purpose of this section is to generate the real-world chloride data
used in the Tier 1-3 Assessments.

The results of the various sudies are summarized in the text below. Studies investigeting biologica
effects of road sdts are further discussed in Section 6. Data is summarized in Appendix A. This
gppendix is designed to provide, in tabular form, a description of the ecosystem response to the sdt
loading, the duration of the response, the basdline or upsiream concentrations, the new concentration
after loading, and the duration of the new concentration. It aso is designed to describe the ecologica
characterigic or species affected and the location of the effect. Unfortunatdly, vaues sedom were
provided for the main loadings into the ecosystem for the various studies cited in this report. Nor was
information provided on the composition of the applied road sat athough most studies were based on
road salt applied as adeicer.

The results of thisliterature review are presented by type of habitat affected — streams, rivers, wetlands,
amadl lakes, meromictic lakes, and large lakes. The data is organized by geographic region, proceeding
from the Maritimes and moving west to British Columbia A surprisingly low number of studies were
located during this literature review. Studies conducted in the United States are included to broaden the
data sets. Highlights from e-mail and other correspondence dso are included in this section. Locations
where studies were conducted are located on Figure 4-1.



Figure4-1:  Locations of road sdt toxicity studies in Canada and the United States.

Legend
Yrindicates area where road salt studies
6?@ ;%BO o have been conducted
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4.2 Streams

4.2.1 Maritime Regions of Canada (Newfoundland, Nova Scotia, New Brunswick, and
Prince Edward Idand) and the United States.

No studies were found which documented the impacts of road sdt gpplication on Canadian maritime
streams during the initid literature search. More recently, Arp (2001) reported on the impacts of
leskage from aroad sdt storage depot on the chloride concentration and conductivity of nearby ditch,
stream, and pond waters. This study was conducted in New Brunswick. Chloride concentrations near
the depot were high, ranging from 3,000 to more than 10,000 mg/L. Chloride concentrations, while
elevated, were lower (100 to 300 mg/L) in a nearby stream. Highest chloride concentrations were
observed in summer due to reduced dilution because of lower precipitation and the higher evaporative
losses of water.

Boucher (1982) invedtigated the effects of road sdt runoff on Penjgawoc Stream in Bangor, Maine
which passes through a commercidly developed area. Seven stes which received road runoff from the
development were investigated. Upstream of the development, chloride concentrations averaged 5-15
mg/L while sodium concentrations averaged 15-30 mg/L. Chloride concentrations a dtes receiving
road runoff averaged 10-50 mg/L and sodium concentrations averaged 5-12 mg/L over 1979-1982.
Peak concentrations (e.g., 621 mg/L CI and 406 mg/L Na in 1979) occurred following runoff events
and were short in duration (the precise time was not given, but would appear to have been in the order
of hours to days). No estimate was provided of the sodium chloride loading to the stream, nor was the
length of the stream affected noted.

Mattson and Godfrey (1994) investigated road sat contamination of 162 streams in Massachusetts. A
multiple regression approach was used to predict sodium concentrations on the basis of four classes of
roads and atmospheric depostion; this model explained 68% of the variance in sodium concentration.
Highest sdt loadings were associated with intergtate (22,500 kg of sdt per km, four lanes sdted) and
magor state (17,700 kg sdt per km, 2 lanes sdted) highways and the lowest with small roads (4,380 kg
per km, one lane equivalent sdted) and streets (7,530 kg sdt per km, one lane equivdent sdted).
Sodium concentrations reached or exceeded 50 mg/L in the most heavily impacted streams.

Herlihy et d. (1998) invedtigated the relationship between stream chemistry and watershed cover in the
mid-Atlantic region. He noted that land cover was a good predictor of chloride concentration. Forested
aress tended to have lower chloride concentrations than agricultural and urban areas. Moreover,
chloride concentration was a good predictor of human disturbance in the watershed. While road sdts
may have been responsible for some of the eevation in chloride concentrations in disturbed watersheds,
other anthropogenic sources may have been important including industry, fertilizer use, animd waste,
and sewage (Pionke and Urban 1985; Schnabd et a. 1993; Prowse 1987).

Prowse (1987) investigated the mgor ion flux through an urban areain the Monks Brook experimental

catchment in Hampshire, southern England. Urban areas accounted for an average of 33.2% of
catchment area. Prowse estimated that 258 tonnes of chloride were exported from the urban area
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versus 4 tonnes from the rurd load. Road sdt was one factor affecting the high chloride and sodium
exports from the urban catchment. Chloride levels were estimated to be 63 times higher in the urban
than rura area and high stormflow chloride concentrations were closdy related to road sdting events.
However, other important sources of chloride included sewage and other wastes.

August and Graupensperger (1989) investigated the impacts of deicing programs on groundwater and
surface water qudity in Maryland. Twenty sample Stes were investigated in the Washington, D.C., and
Bdtimore metropolitan aress. In the worst case studied, maximum observed sodium and chloride
concentrations were 54.5 mg/L and 128 mg/L respectively. Although rdatively large amounts of road
st are used during winter, the Maryland dimate has an important role in diluting these sdts in receiving
waters. There are numerous thaw events that prevent the large accumulation of road sdt in snowdrifts
and frozen soils. Therefore, there are frequent releases of dilute pulses of sdt-laden water rather than a
few pulses of highly concentrated weter.

Harned (1988) invedtigated the effects of highway runoff on stream flow and water qudity at severd
gtesin the Sevenmile Creek Basin, North Carolina. Chloride concentrationsin two creeks near highway
1-85 ranged from 9.3-320 mg/L and 5.0-2,500 mg/L; mean concentrations were 70 and 1,100 mg/L
respectively. High chloride concentrations were related to road sdt usage. Mean chloride
concentrations at gtes further away from the highway ranged from 2.9-10 mg/L.

4.2.2 Central Canada (Quebec and Ontario) and the United States

Crowther and Hynes (1977) investigated the effects of road sdt on Laurel Creek that passes through
the town of Waterloo in southern Ontario. Peak chloride concentrations of 680 mg/L were observed in
February 1974 a one dtation located near a mgor road and a maximum of 1,770 mg/L in February
1995.

Black Creek, located in the northern boundary of Metropolitan Toronto, Ontario, exhibited elevated
sdt concentrations throughout the year resulting from applications of deicing sdts to roads in winter
(Scott 1980b). In generd, high concentrations were associated with thaw periods in winter and early
spring; the maximum chloride concentration was ca. 250 mg/L. Chloride concentrations then declined
with the high flow rates associated with spring melting. However, once flow rates declined following the
soring freshet, summer chloride concentrations remained at levels that were greeter than background
levels of 50-100 mg/L, but less than winter/early soring maximum concentrations. Scott estimated that
580 tonnes of chloride entered Black Creek between November 1974 and April 1975. Black Creek,
as approximated from the map and text provided in Scott (1980b), was affected for at least 3 km of its
length by these road sdt gpplications.

The Ontario Minigry of the Environment has monitored water qudity in a number of dreams in the
province, including the Toronto Watershed. Long-term monitoring has occurred on the Don River,
Etobicoke Creek, Little Rouge Creek, the Rouge River, Highland Creek, Mimico Creek, and Black
Creek and has demongtrated highly elevated chloride levels, particularly in winter. For example, three
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stations were monitored on Etobicoke Creek between 1990-1996 (Table 4.1). All these stations were
located in developed areas, often near roads or highways and thus clearly impacted by road sdt. The
minimum chloride concentration ranged from 0-43 mg/L, the maximum from 2,140-3,780 mg/L, and the
mean from 278-392 mg/L. Highest concentrations were observed in February followed by January,
December, and March (Figure 4-2). At the one monitoring staion on Mimico Creek, minimum,
maximum and mean chloride concentrations were 51, 3,470, and 553 mg/L respectively. Highest
concentrations were observed in December followed by February, January, and March. Smilarly,
minimum, maximum, and mean chloride concentrations at Highland Creek were 22, 1,390, and 310
mg/L and a Black Creek were 20, 4,310, and 495 mg/L respectively. Highest concentrations were
observed in December followed by February, January, and March. Highest concentrations during the
winter months are strongly suggestive of road sdt inputs. Water qudity frequently (18-62% of the
measurements) exceeded the 250 mg/L guideline and often (8-22%) exceeded the 500 mg/L water
qudity guiddine.

Elevated chloride concentrations from road sdt runoff may result in contaminated groundwater. Williams
et d. (1997) invedtigated chloride concentrations in 20 springs in southeastern Ontario and found
chloride concentrations ranging from 8.1 mg/L to 1,149 mg/L.. The higher chloride concentrations found
in some of the springs were suspected to be caused by road sat contaminated groundwater. Williams et
a. (1999) continued this research, noting that the mean chloride concentration in the Glen Mgors
Conservation Area was 2.1 mg/L and ~100 mg/L in rura aress. Concentrations in the rurd areas
increased 21-34% over the November 1996 to November 1997 period. Chloride concentrations in
springs near rurd areas were higher (>200 mg/L) with a maximum concentration of 1,345 mg/L and a
mean concentration of 1,092 mg/L. This soring was adjacent to a highway and bridge. Chloride
concentrations at these urban sites aso increased between November 1996 and November 1997.
Sdinity contamination was related to road sdt. Williams et d. (1999) noted that spatid patterns in road
sdt contamination were more readily detected by sampling springs than creeks. This is because chloride
concentrations in spring waters exhibited relatively little seasond variability. In contrast, chloride
concentrations in creeks were highly variable seasondly.
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Table4-1: Chloride concentrations (mg/L) in various streams in the Toronto Remedia Action Plan
Watershed for 1990-1996. Source: Provincid Water Quality Monitoring Network.

Station Location #of | Min. | Max. | Mean | Median % Frequency
Obs. Exceedence of
Guiddines
250 500 mg/L
mg/L
Etobicoke Creek
a Derry Road 38 10 | 3,780 | 278 135 18 8
a Burnhamthorpe 40 0 2,670 | 392 206 40 20
Road
a Highway #2 74 43 | 2,140 | 351 208 38 19
Mimico Creek
a Highway #2 37 51 | 3,470 | 553 276 62 22
Black Creek
at Scarlett Road 38 20 | 4310 | 495 248 47 21
Highland Creek
at Highway Creek 55 22 | 1,390 | 310 220 42 13
Park

Overdl these three Ontario Sudies suggest that road salt gpplications can have significant impacts on the
sinity of streams and springs in urban areas of southern Ontario. Studies conducted in Smilar
geographic regions in the United States confirm this.
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Figure4.2:  Seasona (boxplot) chloride concentration in Etobicoke Creek (A), Mimico Creek (B)
and Highland Creek (C) watersheds in the greater Toronto area over 1989-1995 (from
Provincid Water Quality Monitoring Network).
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Figure4-3:  Changes in chloride concentrations in surface waters in the greater Toronto area over
1990-1993 (from Williams et a. 1999).
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Champagne (1978) investigated chloride concentrations in a drainage ditch in Jamesville, New Y ork.
Concentrations varied sgnificantly over the course of a day with temperature change and with rainfdl
events. The basdine chloride concentration was approximately 20 mg/L. The maximum recorded
chloride concentration of 5,550 mg/L was observed in February 1975, following a period of heavy
sdting and a warming trend during a reaively cold period. This warming resulted in snow and ice melt
and the subsequent movement of sdine water into the ditch. In March 1975, following road st
gpplication and daytime heeting, chloride concentrations in the ditch rose to 340 mg/L, but then declined
to 65 mg/L after night-time cooling. Four days later, the chloride concentration rose to 950 mg/L
following a rain event. This rain event probably mobilized road sdt residues temporarily stored in the
vicinity of the roadway into the ditch, resulting in a short-term, but subgtantid devation in chloride
concentration. The length of ditch affected by the road sdt gpplication was not reported.

Demers and Sage (1990) investigated chloride concentrations in four streams near the town of
Newcomb in the Adirondack region of northern New Y ork. Four streams were sampled in a forested
areadong a2 km sretch of New York State Highway 28N. The streams had a flow rate ranging from
0.01-0.20 n¥/sec and were 0.6-3.2 km long. The overal mean chloride concentration in upstream
areass was 0.61 mg/L versus 5.23 mg/L in downstream areas. On occasion, chloride concentrations
were up to 66 times greater in downstream than upstream segments of the streams. The stream with the

29



highest downstream chloride concentration (mean 17.1mg/L chloride) flowed pardld to the highway
within 12-46 m of the edge and over a distance of 257 m. The source of the chloride was road salt
gpplied during the winter. The duration of the elevated concentrations was not reported, but elevated
concentrations were observed 100 m downstream of the bridge. Demers (1992) reported that the
Department of Transport estimated that between 8 and 10 MT of sdt per lane km and 8.5 and 14 MT
of abrasive per lane km are applied annually each year.

Bubeck et d. (1971) investigated chloride concentrations in Irondequoit Creek, near Rochester, New
York, as pat of a larger investigation of the effects of road sdt on Irondequoit Bay. Chloride
concentrations in this creek were high, averaging ca. 100 mg/L between March 1969 and November
1970. The average concentration increased to 320 mg/L from December to March. Chloride
concentrations in 10 small streams and storm sewers sampled on a single occasion (February 18, 1970)
ranged from 700-4,000 mg/L.

A sudy by Cherkauer (1975) illustrates how heavy road sat resdues can continue to effect the
chemigtry of surface waters months after the last sdt application. Sodium and chloride loading to Brown
Deer Creek, an urban creek in Milwaukee, Wisconsin, were elevated compared to Trinity Creek, a
nearby creek in arura areawith very low road sdt application. Both creeks are small with watersheds
of 7.5 kn? for Brown Deer Creek and 9.7 kn? for Trinity Creek. In October 1974 and 7 months after
the last showfall, there was a rainfal event of 2.2 cm that resulted in increased sodium and chloride
loadings to both streams. Sodium loadings to Brown Deer Creek, the urban creek, were 25.7 kg/knt
and chloride loadings were 37.5 kg/kn. In comparison, chloride and sodium loadings to Trinity Creek,
the rural creek, were only 0.6 kg/kn and 0.7 kg/kn, respectively. The length of stream affected by the
road salt gpplication was not reported. Interestingly, the sodium and chloride concentrations were higher
in the rurd creek. Chloride concentrations at base flow averaged 170 mg/L for Trinity Creek versus
166 mg/L for Brown Deer Creek. At pesk flow, chloride concentrations averaged 80 mg/L and 27
mg/L, respectively. Lower chloride concentrations in Brown Deer Creek, despite higher road sdt
gpplication, were related to greater runoff from urban surfaces; Trinity Creek chloride concentrations
were elevated as a result of greater infiltration of rura surfaces. In addition, street cleaning, lawvn
watering, and storm sewer inputs were important in the urban area. Sodium concentrations averaged
109 mg/L at base flow and 39 mg/L at pesk flow for Trinity Creek and 102 mg/L and 19.5 mg/L
respectively for Brown Deer Creek.

Smith and Kaster (1983) investigated chloride concentrations in Sugar Creek, Wisconsn (56 km
southwest of Milwaukee) as part of a larger investigation of the effects of highway runoff on a rurd
stream ecosystem. Approximately 7,000-8,000 vehicles travelled on the highway each day. Pesk st
concentrations of 53 mg/L chloride and 28 mg/L sodium were recorded during the March and April
1981 snow-mdt events. Nickel (0.35 mg/L), iron (1.12 mg/L), and lead (0.15 mg/L) concentrations
aso were devated, but basdline concentrations were not reported. Monthly discharge rates averaged
0.7-0.8 mP/sec at three stations investigated along the creek.



4.2.3 Prairie Provinces of Canada (Manitoba, Saskatchewan, and Alberta), British Columbia
and the United States.

No studies were found on the effects of road sdts and their additives on the stream ecosystems of the
Prairie Provinces and British Columbia However, a number of studies were found for smilar
geographic regions in the United States.

Hoffman et d. (1981) investigated chloride concentrations in various streams in the central Serra
Nevada Mountains, Cdifornia Road sat was applied from December to April. Streams crossing
heavily sdted intersate highways were found to have sharp increases in winter chloride concentrations
while creeks crossng smdler highways did not disolay such a pattern. For example, chloride
concentrations upstream of a highway crossing over Billy Mack Creek were less than 1 mg/L while
concentrations downstream ranged from approximately 20-70 mg/L chloride over a distance of at least
1.5 km. After road applications stopped in spring, the chloride concentration returned to normal in one
month or less. Rivers and streams that ran pardle to sdted roadways had chloride concentration
patterns Smilar to those of creeks crossing heavily sdted roadway. Chloride concentrations in runoff
from sdted highways ranged from 0-2,051 mg/L and averaged 170 mg/L.

Gosz (1977) reported increased sodium and chloride concentrations in Rio en Medio, a mountain
stream in the Sante Fe Ski Basin, Sante Fe, New Mexico. Between 1971 and 1975, the average yearly
concentrations of upstream road sdt gpplication areas were 0.3 mg/L for chloride and ranged from
1.77-2.05 mg/L for sodium. However, between 1972 and 1975, in an area downstream of road sat
applications, the concentrations ranged from 11.9-17.5 mg/L chloride and 5.02-6.30 mg/L sodium.
Highest concentrations occurred from February to April each year. Chloride and sodium loading into
Rio en Medio were estimated a 3,675 kg/year and 2,100 kg/year, respectively. The length of stream
affected was not reported.

4.3 Rivers

Rivers are large flow systems and, as such, may be expected to be less vulnerable to road sat impacts.
Few studies were located specificdly investigating the impacts of road sdt gpplications on the sdinity of
Canada srivers.

Arsenault et d. (1985) investigated surface water quality in the Waterford River Basin, Newfoundland.
Chloride concentrations a the Donovans Station, located in an indugtrial park, averaged 70 mg/L in
comparison to 17 mg/L a Ruby Line, in the South Brook sub-basin, which had no known indugtrid
sources. High chloride concentrations at the Donovans Station were related to industrid activities, road
sdting, contamination from two road sat depots, and to sea spray.

Oliver et d. (1974) reported that road sdt was the primary factor affecting seasond increases in

chloride concentrations in the Rideau River. For example, in March 1992, chloride concentrations
increased from a winter average of 9 mg/L to 57 mg/L following a severe ice storm. Chloride
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concentrations in the Ottawa River, some 32 km downstream of Ottawa, increased from 9 to 21 mg/L
following this same storm.

The Don River, with a watershed of 335 kn¥, is strongly impacted by Metropolitan Toronto (Paine
1979). In the late 1970s, 56% of the drainage area was in the Metropolitan Toronto watershed and
44% in the Region of Y ork. Between November 1978 and April 1979, some 54,760 tonnes of chloride
were added to the watershed. Paine estimated that 93.8% of the chloride was due to road salt applied
to roads, 1.7% from salting by private citizens, and 4.5% due to sewage treatment plants. Paine further
estimated that while 46% of the sdt was removed from the watershed (the Don River discharges into
Lake Ontario), 54% remained, possibly in groundwater. This was viewed as a growing environmental
concern. Howard and Beck (1993) discuss the contamination of groundwater by road salt in southern
Ontario.

Scott (1980b) investigated the impacts resulting from applications of deicing salts on the Don River a a
dte in the northern boundary of Metropolitan Toronto, Ontario. In general, maximum concentrations
(>1,000 mg/L CI) were associated with thaw periods in winter and early spring. Concentrations
declined with April soring mdt and then increased after the spring freshet. However, concentrations
were less than the winter/early spring maxima, but above background concentrations estimated at 50-
100 mg/L CI. It was estimated that 1,112 tonnes of chloride entered the Don River from November to
April affecting at least 4 km of the river with elevated chloride concentrations. More recent monitoring
(Table 4-2) shows that chloride leves continue to be periodicaly eevated in the Don River. Chloride
levels exceed the water qudity guideline of 250 mg/L for 20-23% of the observations made over 1990-
1996.

Kersey (1981) investigated chloride concentrations in the Humber River, northwest of Toronto,
Ontario. In an area where little road sating occurred, chloride concentrations in February and March
1980 ranged from 13.8-24.1 mg/L versus 17.0-34.8 mg/L in the road-salt affected area. More recent
data collected by the Ontario Ministry of the Environment reports chloride data for 3 dtes on the
Humber River (Table 4-2). At Albion Hills, minimum, maximum, and mean concentrations over 1990-
1995 were 31, 96, and 46 mg/L, while downstream at Old Mill concentrations were 0.2, 1,680, and
175 mg/L respectively. Only at the Old Mill dte were water quality chloride guiddines exceeded
athough not as frequently as on the Don River. Chloride concentrations at the East and West Humber
River monitoring Sites dso tended to be low and less variable than at Stes such asthe Don River.

The Rouge River appears to have been less strongly impacted by road sdt than the Don and Humber
rivers. Four stations were monitored by the Ontario Ministiry of the Environment over 1990-1996
(Table 4-2). Minimum concentrations ranged from 11-37 mg/L CI, maximum from 122-970 mg/L CI
and mean from 50-162 mg/L CI. Only occasondly, did chloride exceed the 250 mg/L guideline.
Chloride concentrations dso tended to remain low at the Little Rouge River monitoring Site.

Chan and Clignett (1978) determined that sodium and chloride concentrations in the Niagara River

increased seasondly due to the winter use of road salt. The study was conducted near the town of
Niagara-on-the-Lake, Ontario. Chloride concentrations were dightly higher in February 1976 (11.2-
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12.5 mg/L) than in August 1975, November 1975, and May 1976 (sodium concentrations ranged from
10.1-10.7 mg/L). Chloride concentrations in February 1996 ranged from 22.0-23.7 mg/L versus
concentrations of 20.2-21.9 mg/L over August 1975, November 1975 and May 1976. No information
was provided on either the sodium or chloride loadingsinto the river or the length of the river affected.

In a recent assessment of water qudity in nearshore and tributary waters of Lake Ontario, the
Environmental Monitoring and Reporting Branch (1999) of the Ontario Minigtry of the Environment
reported that road salt is the largest single source of chlorides entering Lake Ontario from local sources.
While typicd concentrations were below guiddines for the protection of aquetic life, shock loads of
chloride, epecidly during spring snowmet, were high enough to harm aguatic life. The highest median
chloride concentrations (>55 mg/L) were observed in watersheds in the greater Toronto area. Trends of
chloride increase were aso observed between 1980-1982 and 1996-1998 at 71% of the monitoring
gtes.



Table4-2: Chloride concentrations (mg/L) in various rivers in the Toronto Remedid Action Plan
Watershed for 1990-1996. Source: Provincid Water Quality Monitoring Network.

#of | Min. | Max. | Mean | Median %Frequency
Obs. Exceedence of
Guiddines
Station Location 250 500
mgl | mgl
Don River
at Pottery Road 463 1 2,610 | 287 173 31 14
E. Don a Bayview and | 41 290 960 158 87 20 5
Stedles
W. Don at Highway #7 39 10 1,040 | 227 158 23 10
Humber River
a Albion Hills 11 31 96 46 36 0 0
a Highway #7 36 28 100 51 47 0 0
a old mill 444 0.2 1,680 | 1,775 108 14 7
East Humber R. 45 24 97 47 40 0 0
a Pine Grove
West Humber R. 37 33 240 94 80 0 0
a Clareville
Rouge River
at Box Grove, 48 35 583 110 83 4 2
Markham
a Stecles, W of 10" 40 30 122 50 46 0 0
Line
a Twin Rivers Drive 57 11 573 114 88 7 2
a Highway #2 56 37 970 162 100 16 5
Little Rouge River
a Twyn Rivers Drive 56 27 650 81 52 5 2

In the United States, Smith et d. (1987) found a Sgnificant reationship between sodium and chloride
concentrations in rivers and rates of highway road sat use. Hanes et a. (1970) reported on the results
of dudies investigating chloride levels in Maine rivers. Chloride concentrations in the Androscoggin and
Kennebec Rivers, which flowed through areas of high road densties, increased from <1 mg/L at their
headwaters to 15-18 mg/L at their mouth. In contragt, chloride levelsincreased only to 6-8 mg/L for the



Penoboscot, Machias, and Narraguagus rivers that were in areas of low road dendty. Peters and Turk
(1981) investigated increases in sodium and chloride levels in the Mohawk River, New Y ork, from the
1950s to the 1970s. Sodium increased from 7.9-13.6 mg/L while chloride increased from 8.3-20.4
mg/L. Sdts from road deicing were estimated to have contributed 96% of the sodium and 69% in the
chloride trangport increase.

4.4 Wetlands

No studies were found of the impacts of road sdt application on the chemistry of wetlands. Some
studies were found on the impacts of st depots on wetlands and are reported later in this report.

4.5 Pondsand Small Lakes
45.1 Maritime Regions of Canada and the United States.

Kerekes (1974) reported that, in spring, chloride concentrations increased nearly 7-fold in Pine Hill
Pond, located in Terra Nova Nationd Park, Newfoundland. Chloride concentrations had an average of
14.0 mg/L from April to December 1969 but increased to 94.0 mg/L in March. Road sdt applied to the
roads during winter was identified as the probable source of this increase. Information was not provided
on the duration of the elevated chloride levels nor the total road sdt application rate. Pine Hill Pond isa
gmal (surface area = 2.05 ha), shdlow (maximum depth = 5.5 m) pond with an estimated volume of
450,000 . The increased chloride concentration represents a 36,000 kg increase in the total chloride
content of the lake. On an aeria basis, this corresponds to an increased loading rate of 1.76 kg/nt of
chloride.

Arsenault et d. (1985) investigated five ponds in the Waterford River Basin, Newfoundland, as part of
a surface water quaity study during the spring of 1984. Bremigens Pond, located upstream of an
indugtrid park, had an average chloride concentration of 6 mg/L. Barazil Pond, also located upstream of
the park, had a dightly higher chloride concentration of 14 mg/L, possbly due to sdt contamination
from a nearby highway. Branscombe Pond, also located near a highway, had a sdt concentration of 18
mg/L. Findly, Digtrict Pond, located near a sdt depot, had the highest chloride concentration of 24
mg/L. No further information was provided on these ponds.

Road sat contamination was thought to be related to elevated winter and spring chloride concentrations
in the Chain Lakes (First Chain and Second Chain), near Halifax, Nova Scotia, when compared to
summer concentrations (Thirumurthi and Tan 1978). From June to September 1975, the chloride
concentration was approximately 19 mg/L. Concentrations began to increase in November and
eventudly peaked in May 1976, at 43 mg/L CI. Following this peak in May, the chloride concentration
dropped rapidly through the rest of May and June decreasing to 19 mg/L in July. First Chain Lake
(surface area = 20 ha, mean depth = 4.1 m, and volume = 810,000 nj) is somewhat larger than
Second Chain Lake (surface area = 16 ha, mean depth = 3.2 m, and volume = 330,000 n7), but the



time trends were smilar for both lakes. The ca 24 mg/L increase in chloride concentrations for both
lakes represents an gpproximate addition of 19,440 kg of chloride to First Chain Lake and 7,920 kg for
Second Chain Lake. On an aeria basis, this corresponds to 97.2 g/nt for First Chain Lake and 49.5
g/n for Second Chain Lake.

The Chain Lakes continued to be studied through the early 1980s (Hart 1985, 1988). Chloride
concentrations in both lakes increased gradudly from 1976 to reach a maximum in the mid 1980s of ca
120 mg/L in Firg Chain Lake and ca. 170 mg/L in Second Chain Lake (Fig. 4-4). Highest chloride
concentrations were observed during spring runoff.

Figure4-4.  Whole-lake chloride concentrations for the Chain Lakes, Halifax County (after Hart

1985).
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Kezer et d. (1993) invedtigated the water qudity of 51 lakes in the Haifax-Dartmouth area in April
1991 and compared this data with a Smilar study conducted in 1980. The most striking difference
between the two study periods was an amost doubling of conductivity. In 1980, only 12 lakes had
chloride concentrations that exceeded 50 mg/L; this increased to 22 lakes in 1991. In 1980, only 3
lakes had chloride concentrations that exceeded 100 mg/L and this increased to 12 lakes in 1991. In



1981, no lakes had chloride concentrations greater than 150 mg/L while in 1991, 4 lakes had chloride
concentrations which exceeded 150 mg/L with one lake reaching 197 mg/L chloride. Increases in
chloride, sodium, and calcium concentrations were related to the use of road sdt for deicing (sodium
chloride) and dust suppresson (cacium chloride). The largest increases in sdt concentrations were
associated with lakes in the more devel oped watersheds.

Underwood et al. (1986) surveyed 234 Nova Scotia lakes. Background chloride concentration was 8.1
mg/L while the maximum concentration was 28.1 mg/L. The Nova Scotia Department of the
Environment (1989) indicated that waters with chloride concentrations above 25 mg/L must have been
recelving chloride inputs from anthropogenic sources. In watersheds with numerous highways, road sdt
would have been the probable source.

In Maine, Hanes et d. (1970) discussed the effects of road sdt on a variety of aguatic ecosystems.
They noted that farm ponds located near highways had sodium concentrations ranging from 1.4-115
mg/L and chloride concentrations ranging from <1 mg/L to 210 mg/L. Sdt concentrations were higher in
April 1966 than July 1965. In 1967, chloride concentrations ranged from 1.4-221 mg/L, suggesting that
chloride levels were increasing.

452 Central Canada and the United States.

The Minigtry of Trangport Quebec investigated the impacts of road sdt on Lac ala Truit, by Highway
15 and near Sainte-Agathe-des-Monts. The lake drainage area, estimated at 728 ha, was affected by a
7-km dretch of highway, with a maximum dope of 5%. The lake had a surface area of 48.6 ha, amean
depth of 21.5 m, and an estimated lake volume is 486,000 nT. In 1972, average chloride concentration
for the lake was 12 mg/L. This increased through the 1970s to reach a maximum concentration of 150
mg/L in 1979. This corresponds to an addition of ca. 67,068 kg of sdt to the lake. The amount of sat
gpplied to the roads was reduced and chloride concentrations fell through the 1980s to reach 45 mg/L
in 1990. While concentrations declined, they remained devated at 42 mg/L a 3 m and 49 mg/L a 10
m.

In Ontario, published studies dedt with meromictic lakes and are discussed in the next section of this
report. However, the Ontario Minisiry of Transportation has unpublished data on the mean chloride
concentrations (May-October 1995) in eight water bodies in the Humber River Watershed (Scanton
1999). Chloride concentrations averaged 10.6 mg/L a Lake St. George, 26.8 mg/L a Preston Lake,
47.0 mg/L at Wilcox Lake, 60.8 mg/L at Heart Lake, 107.9 mg/L at Claireville Reservoir, 110.3 mg/L
a G. RossLord Dam, 174.0 mg/L at Lake Aquitane, and 408.9 mg/L a Grenedier Pond. The Humber
River, like Highland Creek, is a mgor urban catchment basin, lying to the west rather than the east of
Metropolitan Toronto. Road salt applications may be impacting the Humber River basin as has been
observed for the Highland Creek basin (Howard and Haynes 1997).

In an ongoing study, Watson (2000) is investigating the impact of road sdt on the water quaity of 89
ponds located near roadways in southern Ontario. Samples were collected in the spring and summer
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2000. This study is providing evidence that road sdt runoff can affect the water quality of roadsde
ponds and that the effect is dependent upon highway size, among other factors. The mean chloride
concentration in ponds located near two-lane roads was 95 mg/L, for ponds located near roads with
more than 2 lanes but less than Sze lanes was 124 mg/L while for ponds located near roads with six
lanes or more the mean chloride concentration was 952 mg/L. Maximum chloride concentrations
reached 368 mg/L, 620 mg/L and 3,950 mg/L respectively for these three categories of ponds.

Likens (1985) reported that Mirror Lake, a smdl lake located in the White Mountains of north-central
New Hampshire, increased in sdinity over four years (1975/1976 to 1979/1980). Chloride
concentrations increased from 0.94 to 204 mg/L (a 117% increase) while sodium concentrations
increased from 1.22 mg/L to 1.65 mg/L (a 35% increase). These increases were related to runoff from
road sdt and/or leaching from septic tanks. Mirror Lake has a surface area of 11 ha, a mean depth of
5.75 m and a maximum depth of 11 m. Its watershed is large currently extending over 85 ha versus 103
ha prior to the congtruction of Interstate Highway 1-93 that isolated some of the lake drainage area.

Siver et d. (1996) invedtigated historic changes in 42 Connecticut lakes sampled in the late 1930s, the
mid to late 1970s, and the early 1990s. Since the 1970s, many of the lakes located in resdentia
watersheds have increased in base cation concentrations by an average of 70 neg/L, a 9% rise. Much
of thisincrease is due to an increase in chloride concentrations in affected lakes (average increase 90 m
eg/L or 3.2 mg/L). Sodium concentration generaly increased concurrently with chloride concentrations
(60 neg/L or 1.4 mg/L). Siver et d. (1996) argued that much of this increase was due to road sdt
goplications. Field et d. (1996) continued this study, focusing on changes in tota phosphorus and
nitrogen. They noted that other factors in addition to road sdt could affect an increase in sodium and
chloride concentrations. Such factors include converting forest and scrubland to agriculturd land, tilling,
and agpplication of fertilizers and pesticides (Pionke and Urban 1985).

Sparkling Lake in the northern Wisconsn Lake Didrict experienced an increase in chloride
concentration due to contamination from road sdt-laden groundwater (Bowser 1992). The
morphometry of Sparkling Lake was not reported. The road sat was initialy applied to roads above the
lake and the sdt gpparently leached into the groundwater prior to entering the lake. Chloride
concentrations in unaffected lakes and groundwater in the area were 0.3-0.5 mg/L versus a chloride
concentration of 2.61 mg/L in 1982 and 3.68 mg/L in 1991 in Sparkling Lake. The load of chloride
required to produce such an increase in chloride concentration between 1982 and 1991 was calculated
by Bowser (1992) to be 1,200 kg/year.

Northridge Lakes in Milwaukee, Wisconsin, are atificid, interconnected, urban lakes with highly
elevated chloride concentrations during winter ice-cover (Cherkauer and Ostenso 1976). The average
chloride concentration for lakes in the generd area was 6 mg/L. In comparison, the chloride
concentration in the Northridge Lakes during March, 1975 was ~250 mg/L just below the ice and
increased to ~2,500 mg/L at the lake bottom. Thus, these lakes displayed a prominent chemocline
during winter ice cover, but vertical mixing of the water column occurred during spring. This may have
occurred because the lakes were very shdlow with a mean depth of only 2 m and because water inflow
during spring was sufficient to erode the deep layer. Cherkauer (1977) later investigated the effects of
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urban lakes on the qudity and quantity of baseflow. While these lakes had little impact of baseflow
volume, they impacted chloride concentrations in downsream waters until summer. Chloride
concentrations in Beaver Creek remained high (120 mg/L) 2-km downstream of the lake outflow in
goring and 1.4 km downstream in summe.

Eilers and Sdlle (1991) compared conductivity, akdinity, cacium, and pH data collected at 149
northern Wisconsin lakes over 1925-1931 with data collected over 1973-1983. All parameters
increased between the two time periods with the greastest increases associated with increased land
development on lake shorelines. Mean conductivity in developed watersheds increased from 38.1 to
47.7 nScm versus 14.2 to 15.3 n§cm. Increased conductivity appeared to be associated with a
combination of factors including road sdt, culturad eutrophication, and changes in hydrology. The
strongest increases were associated with [akes located near highways or paved roads.

45.3 PrairieProvinces, British Columbia and the United States

No studies were found on the effects of road salt on lakes in the Prairie Provinces and British Columbia
However, Warrington and Phelan (1998) noted that severd coastd |akes in British Columbia have been
impacted by snow dumping. One lake is located aong the highway between Terrace and Kitimat and
another is located between Port Alberni and Long Beach; additiona information on the lakes was not
provided. These lakes are adjacent to highways with snow and ice problems. They have roadsde
pullouts dong the lake shore that dlow for 1) sdt-laden snow to be pushed over the bank during
remova operations and 2) roadsde snow and st to run directly into the lake during the spring thaw.
The result has been an dteration of the norma chemica equilibrium dominated by cdcium and
carbonate ions to a new equilibrium dominated by sodium and chloride ions.

In the United States, Hoffman et d. (1981) reported elevated chloride concentrations in severd
mountain lakes (i.e., Putt’'s Lake, Gold Run Pond, and Summit Pond) in the Sierra Nevada Mountains,
Cdifornia as a result of road sdt gpplication. In 1975, Putt’s Lake developed a pronounced haocline
(vertica gradient in the concentration of a sat) with a surface chloride concentration of 8 mg/L and a
bottom concentration of 142 mg/L. Putt's Lake has a maximum depth of only 4 m. These highly
elevated concentrations were recorded in early spring (i.e, April and part of May); however, norma
Spring mixing and flushing occurred, removing the halocline.

4.6 M eromictic L akes

Some lakes, while developing a hadocline, become meromictic with a loss in vertica goring mixing.
Regiond studies of meromictic lakes are described in the following section. Physica characteridtics of
these |akes and their watersheds are shown in Table 4-3.
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Table4-3:

Meromictic lakes in Canada and the United States.

Lake Surface | Dranage Mean Maximum | Reference
Area Basn Depth Depth (M)
(m)

Chocolate Lake, NS 82.7ha | 900ha 39 12.2 Kelly et d. 1976

L ake Wabekayne, ON 19 ha N/A 1.84 N/A Free and
Mulamoottil 1983

Little Round, ON 74ha | 1.09kn? 8.3 16.8 Smol et d. 1983

Irondequoit Bay, NY | 6.78 kn? | 435 knt 6.9 23 Bubeck et 4.
1971

Ides Cove, NY 11.8 knt N/A N/A 8.8 Bubeck e 4.
1995

First Sister Lake, M| 12.9 kn? N/A N/A 7.2 Judd 1969

Third Sister Lake, Ml 3.8 ha N/A 8 171 Bridgeman & 4.
(2000)

Fonda Lake, M| N/A N/A N/A 13 Tuchman & 4.
1984;
Zeeb and Smoal
1991

4.6.1 Maritime Regionsof Canada

Chocolate Lake, in Nova Scotia, is a Maritime lake that has been impacted by deicing sdts. The lake is
sndl (82.7 ha), shdlow (mean depth = 3.9 m, maximum depth = 12.2 m), with an estimated volume of
350,000 n? (Kelly et . 1976). The watershed is large (900 ha), approximately 11 times as great asthe
lake surface area. Chloride concentrations were highly devated in the lake between April and August
1975. Average summer chloride concentrations were 207.5 mg/L versus an estimated background
vaue of 15-20 mg/L for non-impacted lakes. Chloride concentrations varied with depth, ranging from
199-224 mg/L at the surface, from 189-217 mg/L a 6.1 m, and from 225-330 mg/L a 12.1 m.
Sodium concentrations ranged from 108-125 mg/L, 102-125 mg/L and 116-183 mg/L at the same
depths. The gradient in sat concentrations and the absolute concentration of sdt in deep waters was
large enough to prevent complete vernd verticd mixing of the water column; deep waters became
anoxic in summer. The primary source of this excess chloride was tributed to highway deicing sat
runoff. Kelly et a. (1976) estimated that 64.2 tons (58,364 kg of road sdt representing 35,409 kg of
chloride and 22,737 kg of sodium) were gpplied to the Chocolate L ake drainage basin during the winter
of 1974-1975. In contrast, the estimated excess chloride in the lake in the summer of 1995 was 65,625
kg. Factors affecting the excess chloride in the lake were attributed to imprecision in sat gpplication
rates, urban inputs via a sewer ling, and a gradud increase in chloride concentrations in the lake with



incomplete annud flushing. The excess 65,625 kg chloride in the lake represents an aeria excess of
loading of 79.4 g/n for the lake.

A smilar study was conducted in Williams Lake, Nova Scotia (Underwood and Jossdlyn 1979). Sdlt
concentrations were about ten times higher than expected. Elevated salt concentrations were related to
road sating.

4.6.2 Central Canada and the United States

Winter road sat application affected Lake Wabekayne, a sorm-water impoundment in Mississauga,
Ontario (Free and Mulamoottil 1983). The morphometry of Lake Wabekayne is as follows. surface
area = 19 ha, mean depth = 1.84 m and volume = 35,000 n7. Chloride concentrations were elevated
from gpproximately February to April (eg., 282 mg/L in February 1979), particularly on the bottom of
the lake. Chloride concentrations decreased to 50 mg/L by August 1979. As aresult of the sdt-dengty
gradient produced from the winter application of road sdt, there was an incomplete mixing of the lake in
gpring and anoxic conditions devel oped.

Little Round Lake in centrd Ontario was affected by culturd disturbances that included urbanization,
septic tanks, highway road salt runoff and seepage from a st storage depot (Smol et d. 1983). This
amall lake (surface area = 7.4 ha, maximum depth = 16.8 m) gpparently became meromictic as a result
of road sdt runoff and localized storage. Salt concentrations in the monolimnion or deep layer were
58.4 mg/L sodium and 103.7 mg/L chloride, well in excess of that explainable by the natura geology of
the region. Road sdt additions gpparently resulted in the formation of meromixis some thirty years
ealier.

Irondequoit Bay, near Rochester, New York, is a smal embayment located on the southern shore of
Lake Ontario. The morphometry of the bay was reported as follows surface area = 6.78 knt,
maximum depth = 23.8 m, mean depth = 6.8 m, volume = 45.9 x 10° n?, and retention time = 116
days. The bay has been strongly impacted by road salt gpplication in its watershed (Bubeck and Burton
1987; Bubeck et d. 1971). The concentration of chloride measured in the bay in 1910 was 12 mg/L
while concentrations of chloride in the Irondequoit Creek in 1910 were gpproximately 14 mg/L. Road
sdt began to be gpplied in the watershed in the 1940s resulting in an increase in chloride concentrations
from ~90 mg/L in 1960 to ~125 mg/L in 1980. A maximum winter concentration of 600 mg/L was
recorded in the creek. The exact loadings from the creek to the bay were not reported. However, a
maximum load of 192 tonnes/day could be approximated from the maximum concentration of 600 mg/L
chloride and the mean annua discharge of 3.7 nv/s. This increase in chloride loading resulted in
incomplete mixing of the bay from 1970 to 1973 when maximum concentrations of chloride were
measured in the bay (e.g., surface concentration = 152 mg/L in 1971).

In alater study, Bubeck et d. (1995) investigated the physica and chemica limnology of 1des Cove, a

small cove on Irondequoit Bay. The cove has a surface area of 1.18 ha and a maximum depth of 8.8 m
and a bedrock sll 50 m wide and 1.5 m deep separates the cove from Irondequoit Bay. The cove is
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protected from strong prevailing winds by the steep dopes located on its north and west shores. During
1971-1972, the maximum annua chloride concentrations occurred in spring. Epilimnion concentrations
a that time ranged from 210-225 mg/L with chloride increasng an additiond 80-160 mg/L in the
hypolimnion. Following decreased usage of road sdt in the basin beginning in 1974, chloride inputs to
the cove decreased. By 1980-1982, spring maximum epilimnion chloride concentrations were 140-150
mg/L and chloride concentrations decreased 0-90 mg/L in the hypolimnion. As a result of this, the
duration and depth of spring and fall mixing increased between 1970-1982.

The induction of meromixis as a result of road sdt gpplication dso has been reported for First Sister
Lake in Michigan (Judd 1969). This induction occurred in the spring of 1965 and 1967 as aresult of a
sdt-dengity gradient induced by sdlt-laden inputs that entered the lake through two drainage pipes. The
eadtern drain carried runoff from a subdivison and the northern drain carried runoff from a series of
highways. Chloride concentrations reached a high of 177 mg/L (Judd 1969). Shortly after this Sudy, the
City of Ann Arbor, reduced its use of road sdts in the subdivison and chloride concentrations in the
eadtern drain were reduced (Judd and Steggall 1982). However, chloride concentrations continued to
increase in First Sister Lake as a result of increased inputs from the highways, reaching a deep water
maximum of 720 mg/L. However, mogt of this runoff entered the lake through a wetland, resulting in a
more diffuse entry of the sdt water into the water column runoff. As aresult, complete mixing in the lake
occurred in the spring of 1981 (Judd and Steggall 1982).

More recently, Bridgeman et a. (2000) reported changes in the generd limnology of Third Sister Lake,
aso in Ann Arbor, Michigan. Chloride levels increased nearly 13-fold from 19 mg/L in 1981 to 260
mg/L in 1999. This increase was sufficient to impact oring vertica mixing and the bottom waters of this
lake became anoxic by January, which has impacted benthic communities. Increased chloride
concentrations were related to increased road sdt runoff from an area that recently experienced
increased resdentia and commercid growth. Third Siter Lake is a smal (3.8 ha) lake with a mean
depth of 8 m and a maximum depth of 17.1 m.

Fonda Lake, dso in Michigan, was adversely impacted by seepage from a salt storage facility which
was established in 1953 (Tuchman et d. 1984; Zeeb and Smol 1991). An asphdt pad was constructed
in the early the early 1970s, apparently resulting in a reduction in the sdinity of this lake. Nevertheless,
the average chloride concentration in 1981 remained high a 235 mg/L versus 12 mg/L at Frains Lake
and 15 mg/L at Portage Lake, dso located in the area. Fonda Lake has a maximum depth of 13 m and
is spring fed with no permanent outlet and inlet.

4.6.3 PrairieProvincesand British Columbia

No studies were found on meromictic lakes which were created as a result of road sdt contamination in
these regions. Meromictic lakes, created by other processes, do occur in these regions.
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4.7 The Great Lakesin Central Canada and the United States

The Laurentian Great Lakes have experienced many anthropogenic impacts over the last one hundred
years, including increased chloride loadings. Of these five lakes, Lake Erie and Lake Ontario have seen
the greatest changes in chloride concentrations over the last 90 to 100 years (Moall et d. 1992). In
1910, the concentration of chloride in Lake Erie was 10 mg/L and maximum concentrations of over 25
mg/L chloride were reached by the late 1960s. While road sdt was one source of this chloride, other
sources included urban sewage and industrial wastes, particularly from the Detroit River. Following
various remedid actions, chloride concentrations dropped to 20 mg/L in 1990. Hanes et d. (1970)
reported that road salt accounted for only 11% of the chloride entering Lake Erie in the early 1960s.

Chloride concentrations in Lake Ontario were less than 10 mg/L around 1900 (Moll et d. 1992) and
then increased through the decades, exceeding 25 mg/L by the late 1960s. Although remedid actions
have been implemented, chloride concentrations in Lake Ontario have not declined. The failure to do so
is attributed to the longer retention time of water of Lake Ontario (i.e., 6 years) compared to Lake Erie
(i.e, 2.6 years). Sources of chloride to Lake Ontario include road sat and urban sewage discharged to
the Niagara River. Raston and Hamilton (1978) estimated that road sdt was the largest single source
with 45% (219,730 tonnes per year) of chlorides entering Lake Ontario from loca sources. However,
this value was only 5% of the estimated 4,620,000 tonnes per year entering the lake from the Niagara
River. In alater sudy, Fraser (1981) estimated that the road sdt contributed 1.0 and 1.5 million metric
tonnes of chloride annually to lakes Ontario and Erie. This loading represented 20% of the tota chloride
load to these lakes. Fraser dso concluded that the use of deicing sdt was not increasing the salt content
of lakes Ontario, Erie, Huron, and Superior.

Unlike lakes Erie and Ontario, Lake Huron has seen only minor changes in chloride content (Mall et d.
1992). In 1900, the chloride concentration was 5 mg/L, which increased to 7 mg/L by the late 1960s.
The concentration then returned to basdine by 1990. The mgor source of chloride to Lake Huron isthe
Saginaw Bay tributaries.

In Lake Superior, chloride concentrations have remained relatively congtant at 1 mg/L over the last 200
years (Mall et d. 1992). The low, constant concentration is a result of little to no contribution of
chloride from weathering of rock, smal municipd and indudtrid discharges and minor inputs from
deicing dit.

48  Salt Storage Sites

The effects of sdt storage in two meromictic lakes, Little Round and Fonda, were aready discussed in
section 4.6.2. Two additiond studies reported the effects of road sdt depots on the sdlinity of aquetic
ecosystemsin Canada. Two studies aso were located from the United States.

The Water Resources Branch of the New Brunswick Depatment of the Environment (1978)

investigated the quantity and quality of leachate from a highway sdt-trested sand pile. These sand piles
were not covered, but were underlain by an impermegble butylated rubber lagoon liner. Rainfdl was the
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primary factor affecting the loss of sodium chloride from the pile. During the 1975-1976 study year,
33% of the sdt was logt from the sand pile while, in 1976-77, 57.3% of the sdt was logt. This
represented a total mass of 55 tons of sdt in 1975-1976 and 45 tons in 1976-1977. Sodium and
chloride concentrations in the leachate reached 37,000 mg/L and 66,000 mg/L, respectively. The study
concluded that road sdlt loss could be substantially reduced by redtricting the amount of precipitation
which came in contact with the pile.

Arp (2001) investigated the impact of aroad st storage depot located in New Brunswick on nearby
waters. Chloride concentrations of 3,000-10,000 mg/L were observed at and near the depot but were
diluted to 100-300 mg/L in nearby stream waters. Salt concentrations were lowest during snowmelt and
runoff events. Highest concentrations were observed in summer during to lower rainfal and highest
evaporation rates. At that time, elevated chloride concentrations were observed in a nearby stream and

pond.

As pat of a surface water qudity study in the Waterford River Basin, Newfoundland, a sat depot
located in Mount Pearl was examined (Arsenault et al. 1985). This sat depot appeared to be significant
in affecting relaively high sodium and chloride concentrations at a river station located approximatdy 1
km from the depot. Chloride concentrations ranged from 7.8-178 mg/L (mean = 42.8 mg/L) and
sodium concentrations ranged from 6.1-130.0 mg/L (mean = 25.8 mg/L). Sodium and chloride
concentrations in a nearby shalow well ranged from 43-180 mg/L and 61-280 mg/L respectively, with
highest concentrations observed in February. In 1982, this depot was moved to the Donovans Industria
Park. Chloride concentrations in a nearby shalow well increased from 13-14 mg/L to 43-480 mg/L and
sodium from 9.8-16.0 mg/L to 55-1,360 mg/L. District Pond, also located near a salt depot, had the
highest chloride concentration of 24 mg/L.

Ohno (1990) investigated the contamination by four sand-sdt storage sites on the chloride, sodium, and
cyanide contamination of nearby (within 30 m) wetlands in Maine. At the Aton wetland, sodium
concentrations at the control site were 6 mg/L versus 16-8,663 mg/L at the affected Ste; chloride
concentrations were 8 mg/L a the control Stes versus 14-12463 mg/L at the affected gtes.
Concentrations varied seasondly from March to November. High concentrations recorded in June were
related to the concentration of salts due to evaporation from the wetlands. High concentrations in
September were related to application of fresh salt to the sand-sdt storage piles.

Pinhook Bog, LaPorte County, Indiana, was adversaly impacted by contamination from a sdt-storage
pile from the late 1960s to early 1980s (Wilcox, 1982). Chloride concentrations a control sitesin 1980
and 1981 were 5-6 mg/L. This compares to a maximum single daily reading for sdt-impacted locations
of 1,468 mg/L chloride in 1979, 982 mg/L chloride in 1980 and 570 mg/L in 1981. The tota chloride
inputs to the bog over the ten-year period when salt storage occurred were estimated as follows: 2.3
million kg from the st pile, 0.4 million kg from road sdting, and 0.012 million kg from direct
precipitation.



4.9  Snow Dumpsand Salt-Contaminated Snow

Delideet a. (1995) reported that of the 30,000,000 n® of used snow in the province of Quebec, 30%
is discharged directly into lakes and rivers. However, they aso notes that the Quebec Ministry of the
Environment would not alow direct river dumping after 1996. Snow accumulates contaminants as it lies
on the road surface and contaminant concentrations increase with snow-melt. Snow typicaly is high in
suspended solids, chlorides, sulfate, oil, grease, cacium, sodium, and metas such as iron, lead, and
chromium. Chloride concentrations in snow collected by Montred trucks ranged from 56-10,000 mg/L
and average 3,851 mg/L.

Droste and Johnston (1993) investigated four urban snow dumps in the Ottawa-Carleton region for a
wide variety of parameters. Chloride concentrations ranged from 454-1,018 mg/L. Metds and
suspended solids concentrations aso were high and the qudity of snow in the snow dump and in snow-
melt waters exceeded provincid guideines for a number of metds. However, some of this
contamination could be removed by alowing suspended particulates to settle in a retention pond for a
period of 2 to 6 hours, which would contaminate these sediments.

The City of Edmonton monitors met-water quality for its snow storage Stes. Data for the Kennedale
dte is shown in Table 4-4. Chloride concentrations ranged from 325-1,210 mg/L with highest
concentrations observed in the early spring.

Table 4-4. Méet-water data (mg/L) for the Kennedde, Edmonton snow storage site for 1998.
Source:  Enginesring Services Section, Street  Engineering Branch, Edmonton

Transportation.
Compound April 30 | May 12 | May 26 | June9 June 25
pH - 7.74 8.3 7.8 8.1
Arsenic 0.12 n.d. 0.02 n.d. 0.00
BOD 50 -4 35 4.0 3.7
Cadmium n.d. 0.01 0.00 0.00 0.00
Chloride 1,210 616 325 401 338
Chromium 0.02 0.01 0.01 0.01 n.d.
Copper 0.04 0.03 0.02 0.02 0.02
Totd Cyanide 0.01 0.01 0.00 0.00 <0.001
Huorine 0.35 0.2 n.d. 0.3 0.2
Lead 0.01 0.02 0.01 n.d. n.d.
Mercury 0.01 n.d. n.d. n.d. n.d.
Oil & Grease n.d. 8 4 6.9 <1.2
Silver n.d. 0.05 0.00 0.00 n.d.
Total Phosphorus 0.09 0.17 0.18 0.11 0.19
Total Suspended Solids 13 8.2 28 19 9.1
Zinc 0.05 0.09 0.05 0.5 0.04

n.d. = below detection limits



Foster and Maun (1978) investigated sodium and chloride concentrations in soil, white cedar foliage,
and snow at varying distances from highways 4 and 22, near London, Ontario. Chloride concentrations
in snow a the pavement edge ranged from 133-4,128 mg/L; concentrations decreased to 9-79 mg/L
some 8 m from the highway edge.

410 Highway Runoff and Storm-water Ponds

A number of gudies have directly measured highway runoff, including runoff entering storm-water
ponds. These studies provide information on the concentrations of road sdt and other congtituents
directly flowing into ditches, streams, surrounding vegetation, etc.

Field and O’ Shea (1992) reported a wide range in chloride concentrations in winter runoff for different

areas in the Midwest. A snow pile had a chloride concentration of 1,130 mg/L, a Parkway storm drain

in Des Moines, lowa had a concentration of 2,720 mg/L, and street in Madison, Wisconsin had a
concentration of 3,275 mg/L. Higher concentrations were observed in the winter runoff from a highway

in Chippewa Fals, Wisconsn (10,250 mg/L) and runoff from the Expressway in Chicago, Illinois

(25,100 mg/L).

Mayer et d. (1996) reported on nutrient, metal, and ionic composgition of severd urban storm-water
ponds in the greater Toronto area. Chloride concentrations for residential areas ranged from 22-345
mg/L for Heritage Pond and 28-1,201 mg/L for Unionville Pond, while concentrations ranged from 36-
617 mg/L for S. Smith Pond in an industrid area. Lowest chloride concentrations were observed in
Tapscott Pond (59-216 mg/L), located in an open area. In contrast, highest metal concentrations were
observed in storm-water ponds in the industrid areafollowed by the ponds in the resdentid aress.

In a later study, Mayer et a. (1998) reported on highway runoff a three study dtes: the 4-lane
Burlington Skyway Bridge (a high traffic area with 92,000 cardday), the 2-lane Highway #2 a a Ste
east of Brantford (31,100 cars/day), and the 2-lane Plains Road in Burlington (15,460 cars/day).
Highest chloride concentrations (up to 10,960 mg/L) tended to be observed in runoff from the Skyway
Bridge (Table 4-5), dthough high concentrations also were observed at the Plains Road. As expected,
the highest concentrations were observed from February to April.



Table 4-5: Chloride concentrations (mg/L) in highway runoff for the Burlington area as a function of
the number of lanes and traffic. Source: Mayer et a. (1998)

Date Skyway Bridge Highway #2 Plains Road
1997

February 18 19,135 - -
February 27 1,020 - -
April 7 10,960 - -
April 14 718 - -
April 17 2,410 - -
May 16 185 89 26
June 17 121 119 119
August 28 45 60 4
September 10 90 28 16
November 14 6,790 - -
November 28 3,250 1,050 2,270
December 8 591 246 801
1998 -

January 8 103 40 42
February 12 1,230 1,480 9,350
March 18 10,200 753 143

411 Repliesto Requestsfor Information

Replies to letters sent to agencies and notices published in scientific newdetters requesting additiona
information on the impacts of road sdt in aquatic ecosystems yielded two types of information. The firgt
type was information in the forms of reports, papers, etc. This information is cited in the appropriate
review sectionsin this report. The other type of information wasin the form of opinion and observations.
The highlights of these communications of summarized below.

Newfoundland

1) B. Moriarity with the Department of Fisheries and Oceans (letter dated December 3, 1998) noted
that “in generd, very little research has been carried out in the Newfoundland region on this topic”
(i.e, the application of road sdt and its effects of road sdt on stream, lake, and wetland
ecosystems). However, two studies were noted. The first was a Sudy that assessed the use of dust
suppressant chemicds in the Atlantic Region; calcium chloride was the main dust suppressant used
and it was used primarily in liquid form (Kidey 1994). The second report, by Murphy (1990),
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2)

investigated the hydrogeologica and geochemical characteristics of a shdlow overburden aguifer
that was affected by road salt applications in the Windsor area of St. John's, Newfoundland.

K. Robinson with the Bruce Peninsula National Park (e-mail dated July 15, 1998) noted thet little
was known about road sdt in this Ontario park. However, studies have been conducted in Terra
Nova Nationa Park, Newfoundland. These sudies indicate that road sdt had effects on
surrounding vegetation and salt pools acted as an attractant to moose.

Nova Scotia

1

2)

3)

J. Gorman with Cagpe Breton Highlands Nationa Park (e-mail dated November 30, 1998) noted
that road salt is used extensvely between October through to May in parks and other regions in
New Brunswick, Nova Scotia, and Prince Edward Idand. Unfortunately “little study has been
undertaken to assess or determine its impacts on the naturd environment and ecosystems in this
ared’. However, Gorman noted that heavy and continuous road sdt agpplication results in an
obvious white resdue or powder that, with spring rains, migrates into the soil and surrounding
vegetation. Moreover, he noted that moose and deer come to the roadside to lick the road sdt.
Browning of vegetation also has been noted.

D. Rushton with Nova Scotia Trangportation and Public Works (letter dated August 28, 1998)
provided two reports prepared by his agency. The first was a draft report on snow and ice control
operations. The second report, co-authored by the Nova Scotia Department of the Environment
and the Department of Trangportation and Communications (1989) discussed the environmenta
implications of road salting in Nova Scotia

S. Parker, with the Bruce Peninsula Nationa Park and Fathom Nationd Marine Park (e-mail dated
July 15, 1998) has noted elevated sdlt levels in park waters. These levels have been attributed to
dust/ice control.

Ontario

1

S. Bowen with the Ecosystem Science Section, Standards Development Branch of the Ontario
Minigtry of the Environment (e-mail dated July 28, 1998) noted that he is working on the impact of
road sats on streams draining the greater Toronto area. While background chloride concentrations
range from 10-25 mg/L, increased chloride concentrations have been noted &t dl Stesin the greater
Toronto area where long-term water qudity data exists.



M anitoba

1)

2)

D. Williamson with Manitoba Environment (e-mail dated September 14, 1998) noted that the
Water Quality Management Section has developed guiddines for managing snow dumps to ensure
that snow disposdl is well back from watercourses. They have not “seen problems with high salt
levels in streams, rivers, or lakes, dthough [they] have not done much work on wetlands in this
regard’. As a reatively large amount of snow accumulates through the winter, there is sgnificant
dilution of accumulated road salt with spring runoff.

A. Derkson with Manitoba Natura Resources, Fish Habitat Management (letter dated July 21,
1998) noted that his Branch has not conducted any surveys or research on road sdts. He further
noted that Winnipeg used to dump snow from street clearing into the Red River, but that this
practice was discontinued some years ago because of road sat concerns. To his knowledge, road
st is not used extensvely outsde of Winnipeg and any which is used would be diluted during
goring runoff. In the padt, the Highways Department used road sdt to de-ice culverts in stream
crossings, apparently during spring melt. The Department was asked to use steam instead of road
st in order to prevent possible impacts to spring-spawning fish.

Alberta

1

2)

3)

S. Tiege with the Fisheries Management Division of Alberta Environment Protection (letter faxed
Jduly 21, 1998) noted that very little work has been done in Alberta with regard to road salt.
However, Edmonton has congtructed a new snow depot with a clay liner and retention ponds.

G. Teply with the Engineering Services Section for the City of Edmonton Transportetion (letter to S.
Tiege dated July 21, 1998) noted that melt-water quality is poorest a two snow storage Stes.
Poundmaker and Kennedde. The stes are lined with a compacted clay liner. Médt-water is
collected in retention ponds and heavier solids allowed to precipitate before the water is released
into the torm sewer system and ultimately into the North Saskatchewan River. It is believed thet the
melt-water volume is of such volume that this release of retention pond water will be sufficiently
diluted before reaching the sewer outfals and theriver.

A. Sosak, Water Management Divison of Alberta Environment (telephone cal April 4, 2000),
noted that the impacts of road sat on Alberta waters have not been explicitly investigated dthough
there are various long-term water quality data sets upstream and downstream from magjor urban
centres in the province. For example, chloride concentrations have been measured in the Bow River
upstream of Calgary (Cochrane), 45 km downstream of Cagary (Carsdand), and near the river
mouth (Ronalane). Average chloride concentrations in the 1970s a these Stes were ca. 4.3-4.4
mg/L. Over the 1973-1997 period, chloride concentrations have increased dightly at an estimated
rate of 0.057 mg/L, 0.154 mg/L and 0.171 mg/L respectively for the three Sites. Increased chloride
concentrations could be due to a variety of factors associated with increased urban growth.
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British Columbia

1

2)

The home page of British Columbia Ministry of Environment, Lands, and Parks was consulted for
information on road sdts. One document, presenting information on water qudity trends (B.C.
Minigtry of Environment, Lands, and Parks March 1999) noted increased chloride concentrationsin
the Fraser River a Hope and a Marguerite and in the Thompson River a Spences Bridge:
increased chloride concentrations were related to pulp mill waste abatement.

A second report downloaded from the web sSite discussed road sdt and winter maintenance (B.C.
Ministry of Environment, Lands, and Parks April 1999). It noted that the community of Heffley
Creek suffered severe drinking water contamination from stored road sadt. Moreover, the water
quaity of individua drinking water wells had been impaired. Totd remediation costs were about
two million dollars. The report aso noted that two lakes, Terrace and Kitimat, between Port
Alberni and Long Beach, have gone from cacium carbonate dominated to sodium chloride
dominated as aresult of road sdt application. Snow aso was pushed into these lakes.

Northwest Territories

1)

C. English with Northwest Territories Transportation (letter dated October 2, 1998) provided
copies of five reports that dedlt with dust suppression in northern and western Canada, including the
NWT.

United States

1

2)

J. K. Crawford with the U.S. Geologica Survey, Water Resources Division (letter dated August
11, 1998) provided a copy of the report authored by Harned (1988). Crawford also noted that the
Susquehanna River Basn Commisson was conducting a sudy evauating the use of wetlands to
mitigate impacts from road sdts. It is interesting to note that when road sdt entered First Sister
Lake, Michigan through a wetland area rather than pipes, impacts of land dratification were
reduced (Judd and Steggall 1982).

A government respondent from Washington State reported that in the spring of 1994, a hatchery
used road sdt to deter weed growth on its property. One thousand pounds of road sat were
applied. The government respondent expressed concern that this application occurred less than 75
feet from a stream used year-round by fish.



4.12 Conclusions Regarding the Road Salt Concentrationsin the Environment

Chloride concentrations vary markedly in aquatic environments. Highway runoff concentrations as high
as 10,960 mg/L have been reported for the Toronto area and 25,100 mg/L for Chicago. Chloride
concentrations in highway runoff decrease with decreasng highway sze and traffic. Concentrations
typicaly are highest during months of snowfal and road st application.

1

2)

3)

4)

5)

6)

Chloride concentrations in roadsde snow range from <100 mg/L to 10,000 mg/L with
concentrations typicaly in the 4,000 mg/L range. Show met from snow Storage dumps have
reported chloride concentration ranges of 300-1,200 mg/L. Snow and snow-melt generdly are
contaminated with avariety of metals, organic compounds, and particul ates.

Thereis alarge variation in chloride concentration in road sdt-impacted streams and rivers. Highest
chloride concentrations tend to be found in roadside ditches where melt-water is concentrated. The
next highest concentrations (up to 4,310 mg/L) have been observed in rivers and creeks in highly
populated areas with sgnificant use of road sat. The Metropolitan Toronto area is the primary
example. There is compeling evidence that many creeks and rivers in the Toronto area are
sgnificantly contaminated by chloride.

Some winter-deposited chloride remains in the river/stream banks and is dowly leached out through
the late pring and summer. Some chloride enters the groundwater, contaminating aquifers and
gorings. Streams and rivers located away from densdy populated urban areas have subgtantialy
lower increases in chloride concentrations as a result of road sdt (eg., as little as 5 mg/L).
Neverthdess, there is evidence of widespread increases in chloride concentration in streams and
riversin many regions. Road sdt has been implicated as the causd factor in many of these increases.

Smdll lakes and ponds are more strongly impacted by road sdt than larger lakes, but are not as
grongly impacted as creeks and rivers. For most of these smal lakes, increased chloride
concentrations remained below 200 mg/L. Small, moderately deep (i.e., 7-17 m) lakes located in
urban areas were the most strongly impacted by road sdt. Meromictic Stuations were created in
many of these lakes, resulting in aloss of vertical mixing.

Larger lakes showed consderably smdler increases in chloride. Moreover, because large lakes
often had a wide variety of anthropogenic activities in their watersheds, there were many potentia
sources of chloride (e.g., sewage, industrid discharges, etc.). These activities often were a
sgnificant or the mgor source of increased chloride loading to these lakes.

There was a surprisng dearth of information on the effects of road sdt application on chloride
concentrations in Canadian and U.S. water bodies. In particular, no studies were located for
wetland areas. Both countries have extensive water quality monitoring programs, but gpparently this
data has not been examined to infer trends in chloride concentrations. Nevertheless, long-term
studies over broad geographic regions in the United States are showing that there has been a
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gradua increase in chloride content in lake and stream waters, with grestest increases occurring in
urban areas and/or near highways. Other elements, such as nitrogen and phosphorus, aso have
been observed to be increasing concurrently with sdinity.

7) Chloride ions appear to be a strong indicator of land disturbance, some of which appears to be due
to road sdt gpplication. These increases in chloride concentrations, while subtle, potentialy may
impact aguatic communities.

8) Road sdt dorage depats, if not properly constructed and maintained, can result in significant
contamination of nearby waters, including lakes.

While road sdlt is used as adeicer, it apparently has been used for other purposes. In Manitoba, it was
used in the soring to accelerate the thawing of ice-blocked culverts running under highways. In
Washington dtate, road salt apparently was used by a hatchery as a weed killer. It is not known how
widedy road sdt is and has been used for these other purposes.
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50 TOXICITY OF ROAD SALTSON AQUATIC ORGANISMS
51 Introduction

This section invedtigates the toxicity of sodium, cadcium, and magnesum chlorides on freshwater
organisms. The overdl objective is to obtain the toxicity data to be used in the Tier 1, 2, and 3 PSL
Assessments.

Unlike many of the chemicals investigated under PSL1 and now being investigated under PSL 2,
magnesum, potassum, sodium, cacium, and chloride are required sdts serving many essentid
biochemicd functions (Wetzd 1983). Cdcium is an essentid dement for dgee All plants with
chlorophyll require magnesium, snce it is a component of the chlorophyll molecule. Magnesum dsoisa
micronutrient used for enzymatic transformations, especidly by agae, fungi, and bacteria. Sodium and
potassum are involved primarily in ion trangportation and exchange in many organiams. Chloride plays a
rolein osmotic salinity balance and the exchange of ions.

Different organisms, however, have different requirements and tolerances for these sats. Species that

can tolerate a wide range of sdinities are referred to as “euryhding’” (Goldman and Horne 1983). Such
taxa are commonly found in estuaries, which have large gradients in sainity over short distances and,

with tidd movements, time. Some taxa are found in inland waters that undergo large variations in sdinity
(eg., adine lake which, with a mgor flooding event, can decrease markedly in sdinity). Alternatdly,

with an extended dry period, sdinity can increase markedly. Euryhaine species, found over wide
gradients in sdinity probably consst of several physiological races or genotypes, each adapted to a
particular set of environmentd conditions. In contrast, “stenohdineg’ species can only tolerate a narrow
range of sdinities. Some, such as freshwater organisms, are adapted to low-sdinity environments.

Others, such as marine organisms, are adapted to the high sdinities associated with the world's oceans

and sess.

Aquatic biota have two generd drategies for dedling with high salt concentrations in their environment.
The firg drategy isto dlow internd sdt concentrations in the organism to conform to the sdinitiesin the
environment (Hammer 1986b). Usudly this mechanism is found in organisms thet live in fresh to
mesosdine waters. In very sdine waters, the interna concentrations of these “conformers’ can become
0 great that the organism dies (Figure 5-1). Examples of conformers include the amphipod,
Gammarus duebeni, the copepod, Calamoecia salina, and the freshwater caddisflies, Limnephilus
stigma and Anobolia nervosa (Sutcliffe 1961b).

The second drategy involves physica mechanisms for maintaining lower ionic concentrations in the body
compared to the surrounding sdline environment (i.e, hypotonic regulation). To facilitate hypotonic
regulation, freshwater organisms may have low surface permesbility which passvely controls the
diffuson rate of water and ions (e.g., invertebrates with thick chitinous cuticles) (Pringle et a. 1981;
Hammer 1986b). Fresh-water fish may aso drink sdine water and then secrete the sdlts in order to
regain water that diffuses out of their bodies due to the concentration gradient. However, there are
energetic cods associated with utilizing such a regulatory system. These energetic costs may mean that
thereisless energy available for other physiological processes or functions, such as reproduction.



Organisms must have a hypotonic regulating system in order to live in hypersaline ecosystems. Examples
of “hyporegulators’ include the chironomid, Chironomus salinarius, and the brine shrimp, Artemia
$op. (Hammer 1986b). Sutcliffe (1961a) found that the caddisfly larvae, Limnephilus affinis, is a
strong hyporegulator and this species is known to occur in both fresh- and brackish-water environments
in Europe. Some fresh-water fish that have been shown to be hyporegulators (Hammer 1986b) include
the three-spine stickleback (Gasterosteus aculeatus), the nine-spine sickleback (Pungitius

pungitius),

ranbow trout (Oncorhynchus mykiss), smdlmouthed hardyhead (Taeniomembras

microstomus), and the Arabian killifish (Aphanius dispar).

Figure5-1:

Range in osmoatic pressure of body fluids (expressed as sdlinity) as related to the sdinity
of externa water. Area A describes the broad range of osmotic pressure found in
brackish water organisms. The pressure curve extends from al, which is the most
homoiosmoatic (i.e., retains interna osmotic concentration), to a2, which is the most
poikilosmatic (i.e., adjust csmotic pressure to be more or less isotonic with solution).
None of these organisms have colonized freshwater sysems, the left margin indicates
the variability of the lower sdlinity limits. Area B indicates brackish water organisms that
have colonized freshwater systems. These organisms are partidly homoiosmotic. Area
C indicates the osmatic pressure of most freshwater organisms, with extremes in
osmotic pressure indicated by ¢l and c2 (adapted by Wetzel, 1983).
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This section presents the results of the literature review of laboratory studies investigeting the toxicity of
sodium, potassum, magnesum, and cacium chlorides on a wide range of aguatic organisms
representing al components of aguatic ecosystems (i.e., bacteria, fungi, protozoa and flagellates,



phytoplankton, macrophytes, zooplankton, benthic invertebrates, fish, amphibians and aguatic birds).
The effect of achemica on aplant or animal is directly related to (Manahan 1990):

1

2)

3)

4)

5)

The type of organism. Some organisms are more sengtive than others. Smilarly, organisms may be
more sendtive a certain stages in ther life history or when stressed by other factors such as food
limitation, low oxygen, c.

The route of exposure also isimportant. For example, ditch vegetation may be exposed to road sat
through direct spray and through snowmelt. A stream invertebrate may be exposed to a pulse of
road sdt draining from arura highway or to a pulse of contaminant-laden road sdt from a heavily
trafficked urban bridge.

The amount of chemicd to which the organism is exposed clearly is important. Very low
concentrations may have no effect or even a beneficid effect on a organism. Toxicity will incresse
with increasing concentrations. After the 100% mortality concentration is reached, further increases
in concentration will not affect the locd populaion dthough the downstream impact will be
lengthened.

The period of time the organism is exposed to the chemicd is important. That is, a relatively high
concentration of a compound is required to kill an organism exposed to that compound for a short
time (e.g., one day). As exposure time is increased, a lower concentration of that compound may
kill the organism. The possibility dso exigts for organisms to become adapted to that compound if
the exposure time is long and the increase in *contaminant” concentration gradual. Each organism
has its own ability to adapt to such conditions. Energetic costs may be associated with these
adaptations which, in the red world, may prevent that species from competing successfully with
other speciesin that environment.

The inherent ability or strength of the chemical to cause harmful effects in the organism (i.e, the
chemicd’s toxicity) is dso important. A metd, such as arsenic, which has no known biochemica
and physologicad function has a grester potentid to cause harmful effects to organisms than
compounds, such as sodium, chloride, and potassum, which are vitd to the norma biochemica and
physiologica functioning of mogt if not dl organisms.

A chemicd is consdered to be harmful or toxic if it produces a srong negative effect when the organism
is exposed to that chemicd. Short-term exposures typicdly investigate lethd effect (i.e., death) and
provide information on acute toxicity (Manahan 1990). In generd, these exposure periods are in the
order of minutes to a few days. Chemicads aso may be toxic at lower concentrations when exposure
times are longer (e.g., aslittle asaweek to aslong as severa months). In such situations, the chemicd is
consdered chronicaly toxic. While mortality can continue to occur over these exposure periods, the
surviving population may be exhibiting other, more pronounced responses, such as reduced growth or
reproductive success. Chronic, subletha effects have the ability to greetly impact the hedth and survivd
of a population despite the fact that such effects do not result in the immediate death of an organism. For



example, if atoxin affects the ability of afish to reproduce, the population of that pecies may not persst
in thet region.

Mog of the toxicity studies that were located during this literature review investigated acute lethdity.
These studies were based on sodium, potassium, magnesium, and chloride sdts rather than the various
formulations of road sdt. By far the largest database was for sodium chloride toxicity. This is probably
because researchers have been intrigued by the ability of organisms to survive in marine and fresh
waters and, for various theoretical reasons, have investigated different aspects of sdinity tolerances. This
review has only touched on these studies. Fewer studies have investigated tolerances to potassum,
cacium, and magnesum chlorides. These studies are included in this literature review because these
chlorides are components of some road sdt formulations. The largest database was obtained for fish
and benthic invertebrates. However, for these other chloride salts and organisms, a sufficient number of
dudies were conducted to identify trends and factors influencing lethd toxicity. Letha toxicity data is
summarized in Tables 5-1 to 5-10 and listed more completely in Appendix B.

A smaler number of studies were found which located sublethd effects. These studies invedtigated a
wide range of responses including immobilization, weakening, and increased movement. Other studies
investigated changes in respiration rates, protein content, cell volume, spore production, egg production,

and degradation of RNA. Data was found for bacteria, protozoa, fungi, phytoplankton, macrophytes,

zooplankton, benthic invertebrates, fish, amphibians, and aquatic birds, dthough this data was limited for
macrophytes, amphibians and aguatic birds. Laboratory data was not found on the subletha effects of
road sdts on periphyton and reptiles. As well, chloride toxicity data for any one group of biota did not
adways indude subletha effects of dl four sdts (eg., sudies were not found of investigations of the
sublethal effects of potassum chloride on bacteria, protozoa, or fungi). The results of the studies on
sublethd effects are summarized in Appendix B.

These subsections are then followed by a discussion of three additiond topics relating to the toxicity of
road sdts. The firgt isadiscusson of how the interaction of various sdt ions can influence the toxicity of
road sdts to aquatic organisms. The second discusses the toxicity of road sdt itsdf. The third is a brief
discussion of the results of recent |aboratory studies investigating factors affecting intraspecies variability
in toxicity. The section concludes with asummary of the highlights of these dudies.

Various terms were used in the studies to define the concentration a which a letha response occurs.
These terms include threshold toxicity, minimum letha dose, lethd concentration, and median tolerance
limit. The threshold toxicity, or minimum lethd dose (MLD), is the minimum concentration required to
kill one or more of the test species (McKee and Wolf 1963; Hammer 1977). The median letha
concentration (L Csp) or the median tolerance limit (TLm) is the concentration at which 50% of the test
organisms die within a certain time period (McKee and Wolf 1963; Hammer 1977). The median effect
concentration (ECso) is the estimated concentration a which a subletha or lethd toxic effect is detected
in 50% of the test organisms (Environment Canada 1998). The no observable effects concentration
(NOEC) is the highest concentration at which no effects were observed, the lowest observable effects
concentration (LOEC) is the lowest concentration a which there is an observable effect, and the
threshold effect concentration (TEC) is the geometric mean of the NOEC and LOEC.
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Two units were used in reported toxicity: mg/L and moles/L or M. In order to Standardize comparisons
between studies, toxicity data based on molar units were converted to mg/L. These units were selected
in part because water quaity guidelines or criteria are expressed in mg/L. Moreover, the mgority of the
toxicity data was expressed in mg/L. Findly, it is more common to consider the application of road sat
in units of weight (kg or tonnes) than molecules (or moles) of sat gpplied.

There are various limitations to this data. Many of the studies, especidly the zooplankton and some of
the fish studies, were conducted prior to the 1960s and provided limited information on experimenta
design (i.e, exposure time, water temperature, and test-water quality). Thisinformation also was lacking
in review articles that cited earlier articles that could not be readily located. Other limitations of the data
include the fact that specific endpoints (eg., 50% mortdity) and specific species (eg., bluntnose
minnow or Pimephal es notatus) occasiondly were not reported.

5.2 Bacteria

Only one laboratory study was found which investigated the sdlt tolerances of bacteria Ito et. a (1977)
determined that high concentrations of sodium chloride degrade Escherichia coli RNA. When the
bacteria was exposed to 8,800 mg/L NaCl, 50% of the RNA in E. coli was degraded within two
hours. However, the degradation was inhibited when 6,000 mg/L MgSO, was added in addition to the
NaCl. Ito et a. hypothesized that the degradation of RNA by sodium chloride was associated with
resultant losses of magnesum from the cells. E. cali is a predominant bacteria in human and anima
intestines and incidentaly in aguatic environments contaminated by such fecal matter.

53 Fung

Two laboratory studies were located which investigated the effect of sats on spore production in fungi.

1) Sridhar and Barlocher (1997) found increases in sporulation of agquatic hyphomycetes when the
fungi were exposed to either 659 mg/L NaCl or 554 mg/L CaCl, for 48 hours in soft water a 20

°C. However, sporulation decreased when the hyphomycetes were exposed to 2,215 mg/L CaCl,
under the same conditions.

2) Rantamaki et d. (1992) found that the fungus, Aphanomyces astaci, did not produce spores when
it was exposed to 1,904 mg/L MgCl, for five daysin lake water a 13 °C.
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54  Protozoa and Flagellates

Three studies were located which investigated the responses of flagellates to chloride sdts. The first two
of these sudiesinvestigated acute toxicity.

1) Gonzalez-Moreno et d. (1997) investigated the effects of sodium chloride exposure on the growth
of the protozoan, Euglena gracilis. This organism is photosynthetic and, as a result, can aso be
classfied as an dgd species. E. gracilis was grown for 7 days in an acidic organotrophic medium
at 27-28 °C. When grown in the light in a concentration of 5,845 mg/L NaCl, cell concentration
was 84% that of the controls, whereas in the dark, cell concentration was 62% that of the controls.
For the 11,690 mg/L NaCl treatment, E. gracilis cdls atained a cell concentration of only 20% of
the controls after being cultured in either the light or the dark for seven days. Other responses to
elevated sodium chloride concentrations included decreases in 1) oxygen production, 2) interna
concentrations of magnesum and potassum chloride, and 3) the ratio of chlorophyll a to b.
Conversdly, there were increases in 1) respiraion, 2) cel volume, 3) internad concentrations of
potassum and sodium, and 4) the total amount of both chlorophyll aand b.

2) Fuji and Hellebust (1994) investigated the effects of sodium, magnesum and potassum chloride on
the growth of the euryhdine (sdt-tolerant), golden-brown microflagellate dga, Boekelovia
hooglandii. Experimental conditions involved a 12 day incubation period for the aga in culture
medium a 25 °C. B. hooglandii grew optimally when placed in 11,690 to 23,380 mg/L NaCl, but
did not grow when the sodium chloride was absent or in concentrations greater than 58,450 mg/L
NaCl, nor did B. hooglandii grow in 13,333 mg/L MgCh or 14,911 mg/L. KCI. This data suggests
that magnesum and potassum salts are toxic to B. hooglandi at the same concentrations at which
sodium chloride provides for optimum growth.\

3) Cronkite et a. (1985) observed a 17% reduction in cdll divison of Paramecium tetrourelia when
exposed to 577 mg/L NaCl. Exposure time was 5 days.

5,5  Phytoplankton

Severd laboratory studies were found investigating the toxicity of road sdts on non-protozoan
phytoplankton growth.

1) Patrick et a. (1968) determined that the concentration of the diatom, Nitzschi linearis, was
reduced by 50% when cells were exposed to 3,130 mg/L CaCl,, 2,439 mg/L NaCl and 1,337
mg/L KCl for 120 hours. The test temperature was not given. These results suggest that N. linearis
are mogt sengtive to potassum chloride, followed by sodium chloride, and findly cacium chloride.
Fritz et d. (1993) investigated diatom assemblages in saline lakes of the northern Greet Plains that
were, in large measure, dominated by sodium, magnesium, sulfate, and carbonate ions. They
edimated that N. linearis had a sdinity optima of 2,720 mg/L and an upper and lower tolerance
limit of 1,960 mg/L and 2,770 mg/L respectively in their sudy lakes. The difference in the tolerance



2)

3)

4)

5)

5.6

of N. linearis to chloride between these two fidd and laboratory study suggests that there are
different clones of this species, with different clones having different tolerances.

Mohammed and Shafea (1992) investigated the effect of sodium chloride on the freshwater green
adga, Scendesmus obliquus. The dga was exposed to the sdt for seven days in a modified
Beijerinck medium at awater temperature of approximately 25 °C. S. obliquus exposed to sodium
chloride concentrations of 11,690 mg/L attained a cell concentration only 43% that of the controls.
Physiological responses to high sodium chloride concentrations included decreases in oxygen
production, photosynthetic pigment and dry matter. S obliquus dso showed an increase in
respiration rates and concentrations of soluble saccharides and proteins.

Reynoso et a. (1982) observed a 49% reduction in growth of Chlamydomonas reinhardtii when
exposed to a4,965 mg/L NaCl. Exposure time was 6 days.

Setter et d. (1982) reported growth inhibition in Chlorella emersonii. Exposure concentration was
11,700 mg/L NaCl for 8-14 days.

Other gtudies reporting growth inhibition are Shitole and Joshi (1984) for Pithophora oedogonia
and Spirogyra setiformis, and De Jong (1965) for Chlorella vulgaris. Other non-quantitative
agd studies are reported in USEPA (1988) (e.g., Kdinkina 1979; Kainkina and Strogonov 1980;
Kdinkinaet d. 1978 and Hosaiduoma 1976).

Macrophytes

Wetland vegetation is sendtive to the water generated from roadside snowmelt and sodium chloride in
particular. Three studies were located which investigated the sublethd toxicity of chloride sdts to
aguatic macrophytes.

1)

2)

3)

Sphagnum species have been found to be sendtive to sodium chloride contamination of bog
waters. Both Sphagnum recurvum (yellow-green peat moss) and Sohagnum fimbriatum (fringed
bog-moss), from Pinhook Bog, La Porte, Indiana, experienced reduced growth in length with
exposure to increasing sodium chloride concentrations (Wilcox 1984; Wilcox and Andrus 1987). S.
recurvum grown in control bog waters increased in length by a mean of 3.22 cm versus 1.40 cm
for populations exposed to 5,000 mg/L CI. S. fimbriatum was more sendtive, ataining a mean
increasein length of 2.61 cm in bog waters, but only 0.03 cm in waters with 5,000 mg/L CI.

Stanley (1974) reported a 50% reduction in dry weight in the Eurasan millfoil, Myriophyllum
spicatum, when exposed to sodium chloride concentrations ranging from 2,196-8,178 mg/L.
Exposure time was 32 days.

Teeter (1965) reported reduced germination of the seeds of the pondweed, Potemogeton
pectinatus, when exposed to 2,999 mg/L NaCl for 28 days. Reduced dry weight was observed in
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5.7

a 9-week old plant exposed to the same concentrations for 35 days. 13-week old plants had
reduced shoot growth and dry weight.

Zooplankton

Severd laboratory studies were found which investigated the toxicity of road sdts to zooplankton.
Some studies were old (written prior to 1957) and were found in review articles Such studies
frequently were lacking information on exposure time, water temperature, or test-water quaity (eg.,
Dowden 1961, Dowden and Bennett 1965 and Biesnger and Christensen 1972). This missing
information makes it difficult to directly compare the results of the various toxicity tests. Highlights of
sudy results are asfollows:

1)

2)

3)

4)

5)

Kanygina and Lebedeva (1957) recorded that the cyclopoid copepod, Cyclops serrulatus,
tolerates a maximum sodium chloride concentration of 394 mg/L NaCl at a water temperature of 20
°C; exposure time and water chemistry were not provided.

Arambasic et d. (1995) reported that 50% of the water flea, Daphnia magna, died when exposed
to a4,746+170 mg/L NaCl solution for 48 hours a 20 °C. The test water used was made from a
combination of infuson water, test solution, and synthetic water. However, Birge et d. (1985),
testing Daphnia pulex in stream water, reported a LCs, of 1,470 mg/L CI for a 48-hour exposure.
The chronic (21-day) TEC wasonly 372 mg/L CI.

Fowler (1931) exposed the cladoceran, Daphnia longispina, to various sdts usng wel water as
the test water. Temperature was not reported, but was presumably near room temperature.
Daphnia died following a 66-hour exposure to 2,922 mg/L NaCl. Tolerances to other chloride
sdts dso wereinvestigated. D. longispina died after less than 7 hours of exposure to 1,864 mg/L
KCl, 43 hours of exposure to 3,524 mg/L MgCh, and 41 hours of exposure to 5,550 mg/L CaCl; .
This data suggests that D. longispina were most sengitive to potassium chloride and more sengtive
to magnesum than calcium chloride. Differences in exposure time confound the interpretation of the
relative sengtivity of D. longispina to sodium versus magnesum and cadcium chloride. While
sodium chloride causes death of D. longispina a a lower concentration (2,922 mg/L NaCl)
compared to cacium and magnesum chloride (3,524 mg/L MgCh and 5,550 mg/L CaCl,), the
exposure time was longer (66 hours for NaCl versus 41-43 hours for the other two sdts).

Cowgill and Milazzo (1990) investigated the sendtivity of Daphnia magna and Ceriodaphnia
dubia to water hardness and salinity. The 2-day LCs, was 7,754 mg/L NaCl for D. magna and
2,308 mg/L NaCl for C. dubia. This data suggests that C. dubia is particularly sengtive to sdinity.
Both species were less sendtive to water hardness (i.e, CaCO; was less toxic a the same
concentrations as NaCl).

The qudity of the test water has been shown to affect survivorship. Ellis (1937) reported that a
sodium chloride concentration as low as 1 mg/L killed Daphnia magna within three hours. The



experiment was conducted in distilled water. Thisindicates that Daphnia require low concentrations
of sdts for their surviva. Anderson (1946) noted that Daphnia do not survive long in didtilled
waters when only single sdts are added as test substances. Similarly, Birge et d. (1985) reported an
LCs, for Daphnia pulex of 1,470 mg/L CI' in stream water, but 3,100 mg/L CI' in recongtituted
water. These tests were conducted over 48 hours.

6) Low oxygen concentrations may aso lower sdinity tolerance. Fairchild (1955) reported the
threshold toxicity for D. magna was 3,170 mg/L NaCl when the test water contained 1.48 mg/L of
dissolved oxygen. The low oxygen concentration is below the USEPA’s (1976) water quality
criterion for the protection of aguatic life of 5 mg/L dissolved oxygen. When the dissolved oxygen
was increased to 6.4 mg/L, the threshold toxicity increased to 5,093 mg/L NaCl.

7) Temperature dso affects the tolerance of zooplankton to sdinity stress. Kanygina and Lebedeva
(1957) found that Daphnia magna tolerate higher concentrations of sodium chloride at lower water
temperatures. At 3 °C, the maximum concentration of sodium chloride tolerated by D. magna was
800 mg/L. At 20 °C, the maximum tolerance of D. magna dropped to 200 mg/L NaCl. Neither
the duration of exposure nor other test conditions were reported.

8) Food leves aso affects chloride toxicity. Biesnger and Christensen (1972) reported that unfed
Daphnia magna experienced a 48-hour LCs, when exposed to 4,171 mg/L NaCl, but that fed D.
magna had an LCs, of 4,629 mg/L NaCl. Smilar results were obtained with potassum chloride
(177 mg/L versus 317 mg/L KCl), magnesium chloride (549 mg/L versus 1,263 mg/L. MgCl) and
cdcium chloride (143 mg/L versus 1,275 CaCl). D. magna were most sendtive to cacium
followed by potassum chloride in the absence of food and most sengtive to potassum chloride and
then magnesum chloride in the presence of food. Animads were subgtantidly more tolerant to
sodium chloride than the other three chloride sdlts.

Road sdts and ther additives result in the following subletha effects in zooplankton: weskening,
immobilization, falure to develop, inhibition of egg development, and suppresson of feeding. With the
exception of one study (Cowgill and Milazzo 1990), the other studies summarized are older (prior to
1948) and often from review articles that did not contain details on test conditions (e.g., Anderson et d.
1948; Edmigter and Gray 1948). In addition, many of the test endpoints are more closely related to
lethd effects (e.g., immobilization and overturn) than to sublethd effects (e.g., increased concentrations
of saccharides and proteins).

1) Ramult (1925) reported weakening in the cladoceran, Ceriodaphnia laticaudata, at 2,992 mg/L
NaCl and developmenta falure for Daphnia pulex a 5845 mg/L NaCl in pond water.
Developmentd failure and weakening dso occurred for D. pulex at 1,854 mg/L CaCl, in pond
water.

2) Anderson (1948) reported that sodium chloride concentrations ranging from 2,922-6,069 mg/L at
20-25°C in Lake Erie water immobilized zooplankton.
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3)

4)

5)

6)

7)

8)

Cowgill and Milazzo (1990) investigated various sengtivity responses of Daphnia magna and
Ceriodaphnia dubia to water hardness and sdinity. The 7-day LCs, was 5,777 mg/L NaCl for D.
magna and 1,794 mg/L NaCl for C. dubia. The vaues were gpproximately 1.8 and 1.2 times
higher respectively than the 2-day test results. Other measures were investigated. The ECs, for D.
magna for dry weight was 4,310 mg/L NaCl, for tota progeny was 4,282 mg/L NaCl, for mean
number of broods was 5,777 mg/L NaCl and for mean brood size was 4,040 mg/L NaCl. Total
progeny and mean brood Sze were the most sengitive measures and were 1.3-1.4 times lower than
the ECso. The NOEC was 1,296 mg/L NaCl for al three measures, except for the total progeny
where the NOEC was 3,600 mg/L NaCl. The ECs, for D. magna tota progeny was 1,794 mg/L
NaCl, for mean number of broods was 1,991 mg/L NaCl and for mean brood size was 1,761 mg/L
NaCl. Totd progeny and mean brood size were the most sendtive measures and were smilar to the
ECso. The NOEC was 1,296 mg/L NaCl for dl three tests. Again, this data suggests C. dubia is
paticularly sendtive to dinity.

Biesinger and Chrigtensen (1972) dso investigated the effects of chloride sdts on Daphnia magna
reproduction. The test was conducted over 21 days and investigated the concentration at which
reproduction was impaired by 16%. Concentrations were 1,730 mg/L for sodium chloride, 319
mg/L magnesum chloride and 101 mg/L for potassum chloride.

Anderson (1948) aso reported that, in terms of sublethd effects, potassum chloride was most toxic
to D. magna, followed by magnesum chloride, cacium chloride and findly sodium chloride. The
concentrations resulting in the immobilization of 50% of the D. magna tested for 64 hours in Lake
Erie water at 25°C were 432 mg/L KCl, 740 mg/L MgCh, 920 mg/L CaCl,, and 3,680 mg/L
NaCl.

Test concentrations of calcium chloride ranging from 920 to 3,662 mg/L CaCl, can cause
wegkening, inhibition of egg development, and immobilization (Naumann 1934).

Naumann (1934) aso noted that the calcium chloride toxicity response is affected by the quality of
the test water (i.e., soft versus hard waters). High concentrations of calcium chloride had a greater
effect on Daphnia magna in soft water than in hard water. For example, no effect was noted after
a 24 hours of exposure to 1,831 mg/L CaCl, in hard water, but a weakening was observed when
D. magna were placed in soft waters at the same sdinity. Potassum chloride, like calcium chloride,
has a greater effect in soft water than in hard water. D. magna were irritated by 746 mg/L KCl in
hard water, but were immobilized by the same concentration of KCI in soft water. Findly, 1,571
mg/L MgClL, was harmful to D. magna in both soft and hard water which is comparable to
Anderson’s (1948) results above. However, exposure time and water temperature were not
reported for this sudy. Nauman's study suggests that D. magna are most senditive to potassum
chloride, least sengtive to calcium chloride, and of intermediate sengtivity to magnesum chloride.

Sdinity tolerances may vary within a given species as shown by Hutchinson (1933) who investigated

the tolerances of two species of Daphnia to magnesium chloride. The response observed was the
continued production of living young. Daphnia longispina (clone 2) had the lowest tolerance at a
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concentration of 119 mg/L MgCh whereas D. magna had the highest tolerance a a concentration
of 952 mg/L MgCl. Water temperatures and exposure times were not given.

5.8 Benthic Invertebrates

Severd studies were found on the lethal effects of road salts on benthic invertebrates (Table 5-1and 5
2; Appendix B). Only the information from one of these studies (Kanygina and Lebedeva 1957) was of
a secondary nature, being obtained from the review article by McKee and Wolf (1963). As aresult, the
data for exposure time, water temperature and test-water qudity is more complete, making
interpretation more straight forward. The results of the various studies indicate thet letha toxicity of road
sdts and their additives to benthic invertebrates is influenced by the type of invertebrate, type and
concentration of salt, quality of test water and the temperature of test water.

1) Birgeet a. (1985) reported an LCs, for the isopod, Lirceus fontinalis, at 2,950 mg/L CI (4,863
NaCl) and the snail, Physa gyrina, at 2,540 mg/L CI. The tests were conducted over 96-hours in
recongtituted water.

2) Jones (1940; 1941) investigated sodium, cacium, magnesium, and potassium chloride toxicity to the
planarian, Polycdlis nigra. P. nigra was exposed to different salt solutions for 48 hours at 15-18 °C.
It was mogt senditive to potassum chloride (1,259 mg/L for 48-hour survivd), followed by
magnesum chloride (3,798 mg/L), cacum chloride (7,200 mg/L) and findly sodium chloride
(11,209 mg/L).

3) Wadler et a. (1996) investigated the effects of sodium, calcium and potassum chloride on the zebra
mussd, Dreissena polymorpha. The zebra mussd is an exotic species that invaded the Greet
Lakes during the early 1990s. Experiments were conducted a a water temperature of 12 °C, a
water hardness of 140+10 mg/L CaCQOs;, and a 24-hour exposure time. A concentration of 2,500
mg/L KCl resulted in 100% mortality of both veligers and settlers. A concentration of 10,000 mg/L
CaCl, was required to for the same results. A concentration of 10,000 mg/L NaCl resulted in
100% mortaity of veligers and 98% mortdity in settlers under the same environmenta conditions.
Thus, potassum chloride was the mogt toxic to the zebra mussdl, followed by cacium chloride and
then sodium chloride.

4) Dowden and Bennett (1965) observed a 48-hour LCs, of 10,254 mg/L for the mosquito larvee,
Culex sp. Animals were reared in an artificid water media at room temperature.

5) Hamilton et d. (1975) investigated the sodium chloride and potassum chloride toxicity of the
chironomid, Cricotopus trifascia, the caddisfly, Hydroptila angusta, and the oligochaete worm,
Nais variabilis. Organisms were exposed to a range of ether sodium chloride or potassum
chloride concentrations in filtered lake water for a 48-hour period at 12 °C. A regression equation
was then developed to estimate the concentrations causing 100% mortdity. N. variabilis was the
most sensitive species, experiencing a 100% mortality when exposed to 3,735 mg/L NaCl and 204



6)

7)

8)

9)

mg/L KCl, followed by C. trifascia, a 8,865 mg/L NaCl and 4,896 mg/L KCl and then H.
angusta, at 10,136 mg/L NaCl and 6,317 mg/L KCIl, under the same test conditions.

Sutcliffe (1961b) investigated the tolerances of two species of caddisflies to sodium chloride. Both
Anaobolia nervosa and Limnephilus stigma experienced 75% mortality when exposed to a 9,936
mg/L NaCl for 72 hours. The test solution was a mixture of tap and sea water and the experiment
was conducted at 14-17 °C. Mortdlity rates were 50% a a concentration of 7,014 mg/L NaCl
under the same test conditions.

Thorton and Sauer (1972) found that the chironomid, Chironomus attenatus, experienced 100%
mortality when cultured in 12,000 mg/L NaCl for 12 hours in dechlorinated, oxygenated water at
25 °C. Mortdity rates were 50% when the same species were cultured at 9,995 mg/L NaCl under
the same test conditions.

Tolerances are affected by the quality of the test water. Khanna et d. (1997) reported that the type
of test water used influenced the tolerance of the nematode, Caenorhabditis elegans, to sodium
chloride. Nematodes were cultured in moderately hard recongtituted water (MHRW) (96 mg
NaHCO; + 60 mg CaSO,- 2H,0 + 60 mg MgSO, + 4 mg KCl per litre distilled water) and in K-
medium (2.36 g KCI + 3.0 g NaCl per litre digtilled water) a 20°C. Up to 20,500 mg/L NaCl (24
hours) to 20,950 mg/L NaCl (96 hours) and 18,850 mg/L KCl (24 hours) to 18,900 mg/L KCl
(96 hours) were tolerated in MHRW with mortalities not sgnificantly different from controls. The
higher mortdity in K-medium rather than MHRW was likely associated with the relatively high
potassum chloride concentrations of the former. The study dso shows that C. elegans is more
sengdtive to potassum than sodium chloride.

Tolerances dso are affected by water temperature. Two studies have identified that benthic
invertebrates are more tolerant of sats when water temperature is lower.

a. Kanygina and Lebedeva (1957) found that the maximum concentration of sodium chloride
tolerated by the chironomid, Stictochironomus was 1,000 mg/L when the test water was 3 °C.
However, the maximum tolerance dropped to 788 mg/L NaCl when the temperature was 20
°C. Kanygina and Lebedeva found similar results using an oligochagte worm.

b. Waller et d. (1996) adso found that increases in temperature from 12 to 17 °C shortened the
length of time from 24 hours to 6 hours to achieve nearly 100% mortdity in zebra mussdl
veligers and settlers exposed to water with 10,000 mg/L NaCl. Potassum chloride was most
toxic to the zebramussd, followed by cacium chloride and sodium chloride.

10) Findly, current velocity may affect sdinity tolerances for stream invertebrates. Lowdll et d. (1995)

report that the ECs (48 hours) for the mayfly, Baetis tricaudatus, increased from 4,704 mg/L
NaCl in the absence of a current, to 5,330 mg/L NaCl at a current velocity of 6 cm/sec, and to
5,440 mg/l NaCl at a current velocity of 12 crm/sec. Increased current velocity increases the rate at



which freshly oxygenated water flows over the invertebrate, which may improve the physiologicd
ability of the organism to manage sdine stress.

Table5-1: Responses of benthic invertebrates to various concentrations of sodium chloride.
Exposure | Exposure Toxic Speciesof |Exposur | Water | Reference
Concentrati (Concentratio Response Concern eTime |Temperatu
on (NaCl n (NaCl re (°C)
mg/L) moles/L)
1,319 0.023 aurvival and pupate | Hydropsyche 240 unknown |Kersey 1981
betteni hours (10
(caddidfly) days)
1,319 0.023 surviva and pupate | Hydropsyche 240 unknown |Kersey 1981
bronta (caddisfly)|hours (10
days)
1,319 0.023 aurvival and pupate | Hydropsyche 240 unknown |Kersey 1981
dossonae  |hours (10
(caddidly) days)
3,735 0.064 100% mortality Nais variabilis | 48 hours 12 Hamilton et
(oligocheete) a. 1975
4,121 0.071 20% mortality Gammarus | 24 hours| unknown | Crowther
pseudolimnaeus and Hynes
(amphipod) 1977
4,863 0.083 50% mortdity Lirceus 96 hours| unknown | Birgeetd.
fontinalis 1985
(isopod)
5,330 0.091 50% mortality Baetis 48 hours| unknown |Lowel et d.
(stream velocity = tricaudatus 1995
6 cm/sec) (meyfly)
5,440 0.093 50% mortality Baetis 48 hours| unknown |Lowel et d.
(stream velocity = tricaudatus 1995
12 cm/sec) (mayfly)
7,014 0.120 50% mortality Anaobolia | 72hours| 14-17 Sutdiffe
nervosa (3 days) 1961b
(caddidly)




Table5-1: Continued.
Exposure | Exposure Toxic Speciesof |Exposur | Water | Reference
Concentrati (Concentratio Response Concern eTime |Temperatu
on (NaCl n (NaCl re (°C)
mg/L) moles/L)
7,014 0.120 50% mortality Limnephilus | 72 hours| 14-17 Sutdiffe
stigma (caddidfly)| (3 days) 1961b
7,996 0.137 50% mortdity (TLm)| Chironomus |48 hours 25 Thornton and
attenatus Sauer 1972
(chironomid)
8,865 0.152 100% mortality Cricotopus | 48 hours 12 Hamilton et
trifascia a. 1975
(chironomid)
9,890 0.169 80% mortality Hydropsyche 144 unknown |Kersey 1981
betteni hours (6
(caddidly) days)
9,936 0.170 75% mortality Anaobolia | 72hours| 14-17 Sutdiffe
nervosa (3 days) 1961b
(caddidly)
9,936 0.170 75% mortdity Limnephilus |72 hours| 14-17 Sutdliffe
stigma (caddisfly)| (3 days) 1961b
9,995 0.171 50% mortdity (TLm) [ Chironomus | 12 hours 25 Thornton and
attenatus Sauer 1972
(chironomid)
10,000 0.171 veigers = 100% Dreissena 6 hours 17 Wdler et d.
mortdlity; settlers= polymor pha 1996
70% mortality (zebramussd)
10,000 0.171 veligers = 100% Dreissena 24 hours 12 Wadler et d.
mortality; settlers= polymorpha 1996
98% mortality (zebramuss)
10,136 0.173 100% mortdity Hydroptila | 48 hours 12 Hamilton et
angusta a. 1975
(caddidly)
10,254 0.175 50% mortality Culex sp. 48 hour | unknown |Dowden and
(mosquito) larvee Bennett
1965
11,109 0.190 aurviva for 48 hours | Polycelisnigra |48 hours| 15-18 | Jones 1940

(planarian)




Table5-1: Continued.
Exposure | Exposure Toxic Speciesof |Exposur | Water | Reference
Concentrati [Concentratio Response Concern eTime [Temperatu
on (NaCl n (NaCl re(°C)
mg/L) moles/L)
12,000 0.205 100% mortality Chironomus | 12 hours 25 Thornton and
attenatus Sauer 1972
(chironomid)
15,460 0.265 mortdity not Caenorhabditis | 24 hours 20 Khannaet d.
ggnificantly different elegans 1997
from controls (nematode)
15,500 0.265 mortaity not Caenorhabditis | 96 hours 20 Khannaet d.
sgnificantly different elegans 1997
from controls (nematode)
20,000 0.342 veigers = 100% Dreissena 6 hours 17 Wdler et d.
mortdlity; settlers= polymor pha 1996
99% mortality (zebramuss)
20,500 0.351 mortdity not Caenorhabditis | 24 hours 20 Khannaet d.
sgnificantly different elegans 1997
from controls (nematode)
20,950 0.358 mortaity not Caenorhabditis | 96 hours 20 Khannaet d.
sgnificantly different elegans 1997
from controls (nematode)

Only two quantitative studies were found investigating the subletha effects of sodium, cacium, and
potassum chlorides on benthic invertebrates. Responses investigated included movement, natdity, and
the ratio of the mean number of newborn clams to the number of parents in those studies where
exposure times were reported.

1) Mackie (1978) found the natdity of the clam, Musculium securis, was negatively affected by high
sodium and calcium chloride concentrations. Experiments were conducted for 60-80 days. Natality
was reduced with increasing concentrations of sodium chloride, with zero natality occurring a 1,000
mg/L NaCl. Smilarly, natality was reduced with increasing concentrations of calcium chloride, up to
400 mg/L CaCl,. However, at higher calcium chloride concentrations, natality increased, but not to
the level of the control clams. The specific reason for improved nataity above 400 mg/L CaCl, was
not determined dthough Mackie suggested that cacium may have a simulating effect on
reproduction, while chloride may have an adverse effect. If this hypothess is correct, then the
adverse effects of chloride may be more pronounced a low cacium chloride concentrations, while
the stimulating effects of calcium are more pronounced at high chloride concentrations.



2) Exposure to high concentrations of potassum chloride resulted in the increased movement of the
water beetle, Laccophilus maculosis. Exposure to potassum chloride concentrations of 5,800
mg/L KCl resulted in the increased movement of 50% of test animals (Hodgson 1951). Exposure
times were not given, but most likely were in the acute range (i.e., one day or less).

Table5-2: Responses of benthic invertebrates to various concentrations of potassum chloride.
Exposure | Exposure Toxic Response Speciesof [Exposur| Water | Reference
Concentrati (Concentratio Concern eTime |Temperatu
on (KCl n (KCl re(°C)
mg/L) moles/L)
204 0.003 100% mortality Naisvariabilis 48 hours 12 Hamilton et al.
(oligochaete) 1975
940 0.013 50% mortality Physa 96 hours 20+2 Patrick et al.
heterostropha 1968
(fresh-water snail)
1259 0.017 Survival for 48 hours Polycelisnigra 48 hours 1518 Jones 1940
(planarian)
2,500 0.034 Veligers=100% Dreissena 24 hours 12 Waller et a.
mortality; settlers= polymor pha 1996
100% mortality (zebramussdl)
2,500 0.034 Veligers=100% Dreissena 24 hours 17 Waller et a.
mortality; settlers = 96% polymorpha 1996
mortality (zebramussdl)
4,896 0.066 100% mortality Cricotopustrifascia| 48 hours Hamilton et a.
(chironomid) 1975
6,317 0.085 100% mortality Hydroptila angusta| 48 hours Hamilton et al.
(caddisfly) 1975
10,000 0134 Veligers= 100% Dreissena 3 hours Waller et a.
mortality; settlers = 89% polymor pha 1996
mortality (zebramussel)
11,510 0154 mortality not Caenorhabditis | 24 hours 20 Khannaet al.
significantly different elegans 1997
from controls (nematode)
11,510 0154 mortality not Caenorhabditis | 96 hours 20 Khannaet al.
significantly different elegans 1997
from controls (nematode)
18,850 0.253 mortality not Caenorhabditis | 24 hours 20 Khannaet al.
significantly different elegans 1997
from controls (nematode)
18,900 0.253 mortality not Caenorhabditis | 96 hours 20 Khannaet al.
significantly different elegans 1997
from controls (nematode)




59 Fish

A subgtantid number of the references on the toxicity of road sdts and their additives to fish found to
date are older and often from review articles. As a result, information on experimental characterigtics
(i.e., exposure time, water temperature, and test-water quality) is often absent and specific endpoints
(e.g., 50% mortality) or specific species (e.g., bluntnose minnow, Pimephales notatus), are often not
reported. Due to the large quantity of data available on fish, the results of these studies have been
summarized according to the type of sdt and by the length of exposure. Short-term expaosure has been
defined here as an exposure of 24 hours or less, while long-term exposure has been classified as atime
period greater than 24 hours. As with zooplankton and benthic invertebrates, the lethdity of road sdtsis
influenced by type of fish, type and concentration of sdt, and quality and temperature of the test water.

5.9.1 Sodium Chloride
Short-term Exposure (24 hours)

There have been a number of studies conducted investigating mortdity of fish when exposed to devated
sodium chloride concentrations for short time periods of one day or less. (Table 5-3 and Appendix B-
1).

1) The lowest sodium chloride concentration at which a response was observed was at 5,496 mg/L
NaCl. Exposure to this concentration resulted in 50% mortality of Salmo gairdneri (rainbow trout)
(Kostecki and Jones 1983). The next lowest sodium chloride concentration at which a response
was observed was a 7,500 mg/L NaCl. Exposure resulted in 50% mortdity of the fry of three
gpecies of Indian carp Catla catla, Labeo rohoto, and Cirrhinius mrigalo) (Gosh and Pal
1969). Test water temperature was 26 °C. This high mortdity for a rdaively low sdinity may be
associated more with the life stage than species tested. Most adult fish appear to be able to sustain
short-term exposures to considerably higher sdinities than reported by Gosh and Pdl for Indian carp

fry.

2) Wdler e d. (1996) invedtigated the sdinity tolerances of channd catfish (ctalurus punctatus),
bluegill sunfish (Lepomis macrochirus), smalmouth bass (Micropterus dolomieu), rainbow trout
(Oncorhynchus mykiss), yellow perch (Perca flavescens), fathead minnows (Pimephales
promelas), brown trout (Salmo trutta), lake trout (Salvelinus namaycush) and waleye
(Stizostedion vitreum). Fish were exposed to 10,000 or 20,000 mg/L NaCl, for 6 or 24 hours, at
water temperatures of 12 or 17 °C. Water hardness was held at 140+10 mg/L CaCO; for al tests.
The only test conditions that dl fish were tested under were 10,000 mg/L NaCl for an exposure
time of 24 hours at a temperature of 12 °C. There was negligible mortdity for the various species
tested at sodium chloride concentrations of 10,000 mg/L NaCl.
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3) A number of sudies were found investigating sdinity tolerance between 11,500 mg/L and 15,000
mg/L NaCl. Minnows, bluegill sunfish, and goldfish dl began to experience sgnificant mortdity at
these sdlinities (e.g., Ellis 1937; LeClerc 1960; Dowden and Bennett, 1965; Kszos et d. 1990).

4)

Exposure times, resulting in mortality, were shorter for experiments conducted at sdinities of 20,000

mg/L NaCl and greater. Channel catfish and fathead minnows appeared to be more senditive than
bluegill sunfish and rainbow trout (e.g., Wiebe et d. 1934; Phillips 1944).

5) Vevy high sdinities (35,100-50,000 mg/L NaCl) resulted in death in a matter of minutes (Powers
1917; Phillips 1944).

Table5-3: Short-term responses (24 hours or less) of fish to various concentrations of sodium
chloride.
Exposure | Exposure Toxic Response Speciesof  |Exposur Water Reference
Concentrati |Concentratio Concern eTime |Temperatur
on (NaCl n (NaCl e (°C)
mg/L) moles/L)
5,496 0.094 50% mortdity Salmo gairdneri | 24 hours | unknown |Kostecki and
(rainbow trout) Jones 1983
7,500 0.128 50% mortdity Catla catla, 24 hours 26 Gosh and Pdl
Labeo rohoto, 1969
Cirrhinius (in Hammer
mrigalo 1977)
(three species of
Indian carp fry)
10,000 0171 0% mortality Ictalurus 24hours| 12and 17 | Waller et dl.
punctatus (two 1996
(channel catfish) different
experiments)
10,000 0171 0% mortality Lepomis 24hours| 12and 17 | Waller et dl.
macrochirus (two 1996
(bluegill sunfish) different
experiments)
10,000 0171 3.3% mortality Micropterus | 24 hours 12 Waller et d.
dolomieu 1996
(smaImouth bass)
10,000 0.171 killed or immobilized Minnows 6 hours | unknown LeCler
1960;
LeClerc and
Devlaminck
1950; 1955
(in McKee
and Wolf
1963)
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Table5-3: Continued
Exposure | Exposure Toxic Response Speciesof |Exposur | Water | Reference
Concentrati [Concentratio Concern eTime [Temperatu
on (NaCl n (NaCl re(°C)
mg/L) moles/L)
10,000 0.171 0% mortdity Oncorhynchus |24 hours| 12 and 17 | Wdler et A.
mykiss (two 1996
(rainbow trout) different
experiments)
10,000 0.171 0% mortdity Perca flavescens| 24 hours| 12 and 17 | Wdler et A.
(yellow perch) (two 1996
different
experiments)
10,000 0171 0% mortdity Pimephales |24 hours| 12and 17 | Wdler et d.
promelas (two 1996
(fathead minnow) different
experiments)
10,000 0.171 0% mortdity Salmo trutta | 24 hours 12 Wadler et d.
(brown trout) 1996
10,000 0.171 0% mortdity Stizostedion |24 hours| 12 and 17 | Wdller et d.
vitreum (waleye) 1996
11,500 0.197 killed or immohbilized miNNows 6 hours | unknown LeClerc
1960;
LeClerc and
Devlaminck
1950; 1955
(inMcKee
and Wolf
1963)
11,765 0.201 killed or immobilized Carassius 17 hours| unknown |Ellis 1937 (in
auratus (goldfish) McKee and

Wolf 1963)
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Table5-3: Continued
Exposure | Exposure Toxic Response Speciesof |Exposur | Water | Reference
Concentrati [Concentratio Concern eTime |Temperatu
on (NaCl n (NaCl re (°C)
mg/L) moles/L)
13,480 0.231 50% mortality Carassius 24 hours| unknown |Dowden and
auratus (goldfish) Bennett
1965
14,100 0.241 50% mortdity (TLm) Lepomis 24 hours| unknown [Abegg 1949;
macrochirus 1950 (in
(bluegill sunfish) Doudoroff
and Katz
1953)
14,194 0.243 50% mortality Lepomis 24 hour | unknown |Dowden and
macrochirus Bennett
(bluegill sunfish) 1965
14,612— | 0.250-0.500 death Oriziaslatipes |24 hours| unknown | Iwao 1936
29,224 (smdl freshwater (in
cyprinodont) Doudoroff
and Katz
1953)
15,000 0.257 average survivd time | Notemigonus 4.73 22-22.5 | Wiebeet d.
crysoleucas hours 1934
(golden shiners)
20,000 0.342 100% mortdity Ictalurus 6 hours 17 Wdler et d.
punctatus 1996
(channd catfish)
20,000 0.342 47% mortality Lepomis 6 hours 17 Wadler et d.
macrochirus 1996
(bluegill sunfish)
20,000 0.342 average survivd time | Notemigonus 1.33 22-22.5 | Wiebeet d.
crysoleucas hours 1934
(golden shiners)
20,000 0.342 40% mortality Oncorhynchus | 6 hours 17 Wdler e d.
mykiss 1996

(rainbow trout)
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Table5-3: Continued
Exposure | Exposure | Toxic Response Speciesof |Exposur | Water | Reference
Concentrati [Concentratio Concern eTime [Temperatu
on (NaCl n (NaCl re (°C)
mg/L) moles/L)
20,000 0.342 100% mortality Pimephales | 6 hours 17 Wdler e d.
promelas 1996
(fathead
MINNOWS)
30,000 0.513 survivd and recovery|  Salvelinus 0.5to1| unknown |[Phillips1944
fontinalis (brook| hour
trout)
35,100 0.601 death Carassius 0.47 - ~21 Powers
auratus (goldfish)| 0.63 1917 (in
hours Hammer
1977,
Doudoroff &
Katz 1953)
50,000 0.855 50% mortality Salvelinus  [0.25 hour| unknown |Phillips 1944
fontinalis (brook
trout)

Long-term Exposure (2 days to one month)

Various tests of sodium chloride toxicity to fish have been conducted using an exposure time of greater
than 24 hours (Table 5-4, Appendix B-1). The range of concentrations causing desth for these longer
exposuresis 2,500-17,500 mg/L NaCl.

1) No mortaity was observed for rainbow and brown trout fingerlings exposed to sdinities of 800
1,000 mg/L NaCl for approximately eight days (Camargo and Tarazona 1991).

2)

As sdinity increased above 1,000 mg/L, mortality began to be observed. Pickering et d. (1996)

reported that the no observed effects concentration (NOEC) for 1-7 day old fathead minnow was
4,000 mg/L NaCl and the lowest observed effects concentration (LOEC) was 8,000 mg/L. Other
studies conducted in this range were less quantitative.

3)

Similarly, Birge et d. (1985) reported a 96-hour LCs, for fathead minnow of 10,830 mg/L NaCl

(6,570 mg/L CI) and 9,628 mg/L NaCl (5,840 mg/l CI) for bluegill sunfish. Experiments were
conducted in recondituted water which provided a two times greater estimate of LCs than
experiments conducted when Daphnia pulex was the test organism.
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4)

5)

6)

7)

Birge et d. (1985) also reported that sodium chloride concentrations as low as 1,650 mg/L NaCl
had an adverse impact of the 33-day surviva of fathead minnow eggs (mean survival ca 20%) with
no surviva at 2,308 mg/L NaCl. Moreover, fry were satisticaly smdler at test concentrations of
1,210 mg/L NaCl (15.91 mm) and 1,743 mg/L NaCl (15.62 mm) than in the control and
concentrations ranging from 425-880 mg/L NaCl (16.92-17.73 mm). The chronic TEC for fathead
minnow was 492 mg/L NaCl.

Addman et d. (1976) reported a 96-hour LCsy of 7,650 mg/L NaCl for fathead minnows and
7,341 mg/L NaCl for goldfish. Threshold LCsy of 7,650 mg/L NaCl and 7,322 mg/L NaCl were
reached in Sx days.

Hinton and Eversole (1978) determined that the glass ed (larvd) stage of the American ed
(Anguillarostrata) has a 96-hour LCs, of 17,880 mg/L NaCl. In contragt, the black ed stage had
a 96-hour LCsy of 21,450 mg/L NaCl. Adult eds live in fresh and sat waters, being found in the
Gresat Lakes, offshore of the Maritimes, and as far north as Greenland and as far south as the north
coast of South America; edls spawn in freshwater (Scott and Crossman 1973).

In order to improve estimates of sdinity tolerances of fish between ambient sodium chloride
concentrations and salinities up to 8,000 mg/L NaCl, Beak Internationa (1999) was contracted to
conduct a series of tests using fathead minnow and rainbow trout. Experimental concentrations were
control, 250, 500, 1,000, 2,000, 4,000, and 8,000 mg/L NaCl. Experimenta results were as
follows

a) Fathead minnow larvae (<24-hours old) exposed to eevated sdinities for 7 days experienced
no mortality at sdinities up to 1,000 mg/L NaCl. Mean mortaity was 10% at 2,000 mg/L
NaCl, 28% at 4,000 mg/L NaCl, and 75% at 8,000 mg/L NaCl.

b) Surviving fish had impared growth at 4,000 and 8,000 mg/L NaCl with mean body weight
agoproximately 50% of the controls. Swimming behaviour was dso impaired a sdinities of
4,000 and 8,000 mg/L NaCl.

¢) The estimated 7-day NOEC was 2,000 mg/L NaCl, the LOEC was 4,000 mg/L NaCl and the
TEC concentration was 2,830 mg/L NaCl. The LCs was 5,490 mg/L NaCl. In contrast, Birge
et d. (1985) reported a 33-day TEC of 492 mg/L NaCl for fathead minnows reared in
recongtituted water.

d) Potassum chloride was used as a reference toxicant and had a 7-day LCs, of 861 mg/L KCl.
This compares favorably to Pickering et d.’s (1996) NOEC of 500 mg/L for KCl.

e) A 7-day embryo larval and teratogenicity test was conducted with fathead minnow embryos

<36 hours old. There was no significant mortaity at sdinities up to 1,000 mg/L NaCl, 90%
mortaity at 2,000 mg/L NaCl, and 100% at both 4,000 and 8,000 mg/L NaCl. A number of
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8)

9)

deformed larvae were observed a 2,000 mg/L NaCl. The find mortdity, which included the
combined number of dead embryos and dead and deformed larvae was estimated at 97.5% at
2,000 mg/L NaCl and 100% at 4,000 and 8,000 mg/L NaCl. The calculated NOEC was
1,000 mg/L NaCl, the LOEC was 2,000 mg/L NaCl and the TEC was 1,410 mg/L NaCl.
Fathead minnow embryos gppear to be more senstive to eevated sodium chloride
concentrations than larvae,

f) Smilar 7-day tests were conducted with fertilized rainbow trout eggs. There was no difference
between mean mortdlity of the control and eggs exposed up to 2,000 mg/L NaCl (range of
mortdity 2.5-4.1%). Mean mortality at 4,000 mg/L NaCl was 86.3% and 100% at 8,000 mg/L
NaCl. The estimated ECs was 1,630 mg/L NaCl and the ECs, was 2,400 mg/L NaCl.

g Finaly, a27-day embryo-alvin test was conducted with rainbow trout. The mean percentage of
nonviable embryos ranged from 10.8-18.5% at sdinities ranging from the control to 1,000 mg/L
NaCl. There was no relationship between mortality and sdinity. Mean mortdity (uncorrected
for controls) was 31% at 2,000 mg/L NaCl, 90.8% at 4,000 mg/L NaCl and 100% at 8,000
mg/L NaCl. The estimated EC s was 18,630 mg/L NaCl and the ECs, was 2,630 mg/L NaCl.

Overdl, these tests suggest that mortdity of early life history stages of fish increase sharply between
2,000 and 4,000 mg/L NaCl when exposed for periods of approximately seven days.

Other researchers have investigated sdlinity tolerances at sodium chloride concentrations of 10,000
mg/L NaCl and higher. Bluegill sunfish had 50% mortdity at sdinities of ca. 13,000 mg/L NaCl
when exposed for 96 hours while mosguito fish had ca. 50% mortdity when exposed to 17,500
mg/L NaCl for the same time period (Patrick et al. 1968; Trama 1954; Wallen et d. 1957). Perch
a0 gppear to be fairly tolerant of sodium chloride, surviving 14 days in 14,000 mg/L NaCl (Black
1950). When the sodium chloride concentration was gradualy increased from 9,100 to 17,500
mg/L, yellow perch survived (Y oung 1923).

Aswith invertebrates, chloride tolerance varies with the species tested and the type of sdt. Edmister
and Gray (1948) investigated the tolerances of lake whitefish (Coregonus clupeaformis) and
wadleye (Stizostedion vitreum) fry to potassum, sodium, and cacium chlorides. Walleye fry were
the most sengitive, becoming immobilized at 751 mg/L KCl, 3,859 mg/L NaCl, and 12,060 mg/L
CaCl,. Lake whitefish fry were subgtantidly more tolerant becoming immobilized at 10,368 mg/L
KCl, 16,500 mg/L NaCl, and 22,080 mg/L CaCl.. Furthermore, these tests indicate the fry were
mogt sendtive to potassum chloride, followed by sodium chloride and then cacium chloride.
Exposure time was not given. An additiona study by Threader and Houston (1983) was located,
but exposure times were unknown.
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Table5-4:

Long-term responses (greater than 24 hours) of fish to various concentrations of sodium

chloride.
Exposure | Exposure Toxic Response Speciesof [Exposur| Water | Reference
Concentrati |Concentratio Concern eTime |Temperatu
on (NaCl n (NaCl re(°C)
mg/L) moles/L)
734 0.013 smdler size Pimephales 33days | unknown | Birgeetal.
promelas (fathead 1985
minnow) fry
800 0.0137 surviva (no effect) | Oncorhynchus |196 hours] 1516 |Camargo and
mykiss (rainbow |(~8 days) Tarazona
trout) fingerlings 1991
1,000 0.017 surviva (no effect) Pimephales |168 hours 23 Beak 1999
promelas (7 days)
(fathead minnow)
embryo <24 hours
1,000 0.017 surviva (no effect) Pimephales |168 hours 23 Beak 1999
promelas (7 days)
(fathead minnow)
embryo <36 hours
1,000 0.017 surviva (no effect) Salmo trutta (196 hours| 1516 |Camargo and
(brown trout) | (~8 days) Tarazona
fingerlings 1991
1,057 0.018 smaler sze Pimephales 33days | unknown | Birgeet al.
promelas (fathead 1985
minnow) fry
1,054 - 1,060 0.018 80% mortdity Pimephales 33days | unknown | Birgeet al.
promelas (fathead 1985
minnow) eggs
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Table5-4: Continued.
Exposure | Exposure | Toxic Response Speciesof |Exposur | Water | Reference
Concentrati [Concentratio Concern eTime [Temperatu
on (NaCl n (NaCl re (°C)
mg/L) moles/L)
2,000 0.034 31% mortdity Oncorhynchus |168 hours| 23 Beak 1999
mykiss (rainbow | (7 days)
trout) eggs
(embryo-dvin
test)
2,000 0.034 10% mortality Pimephales |168 hours 23 Beak 1999
promelas (7 days)
(fathead minnow)
embryo <24 hours
2,000 0.034 90% mortdlity Pimephales 168 hours 23 Beak 1999
promelas (7 days)
(fathead minnow)
embryo <36 hours
2,500 0.043 threshold toxicity Notropis 120 hours 18 Van Horn et
atherinoides a. 1949
(lake emerdd
shiner)
2,500 0.043 death Notropis 216-576 room Garrey 1916
blennius (river hours | temperature| (in Hammer
shiner) 1977,
Doudoroff
and Katz
1953)
2,500 0.043 threshold toxicity Notropis 120 hours 18 Van Horn et
spilopterus a. 1949
(spotfin shiner)
4,000 0.068 86.3% mortality Oncorhynchus |168 hours 23 Beak 1999
mykiss (rainbow | (7 days)
trout) eggs




Table5-4: Continued.
Exposure | Exposure | Toxic Response Speciesof |Exposur | Water | Reference
Concentrati [Concentratio Concern eTime [Temperatu
on (NaCl n (NaCl re (°C)
mg/L) moles/L)
4,000 0.068 90.8% mortality Oncorhynchus |168 hours| 23 Beak 1999
mykiss (rainbow | (7 days)
trout) eggs
(embryo-dvin
test)
4,000 0.068 28% mortality Pimephales |168 hours 23 Beak 1999
surviving fish had promelas (7 days)
impaired growth and | (fathead minnow)
swimming behavior | embryo <24 hours
4,000 0.068 100% mortality Pimephales 168 hours 23 Beak 1999
promelas (7 days)
(fathead minnow)
embryo <36 hours
4,000 0.068 NOEC Pimephales |168 hours 23 Beak 1999
promelas (7 days)
(fathead minnow)
embryo <24 hours
4,000 0.068 LOEC Pimephales (168 hours|  25+1 Pickering et
promelas (fathead (7 days) a. 1996
minnow) embryo
5,000 0.086 Surviva Carassius  |240 hours| unknown | Ellis1937 (in
auratus (goldfish) Hammer
1977)
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Table5-4: Continued.
Exposure | Exposure | Toxic Response Speciesof |Exposur | Water | Reference
Concentrati [Concentratio Concern eTime [Temperatu
on (NaCl n (NaCl re (°C)
mg/L) moles/L)
5,000 0.086 surviva (no effect) Carassius 600 hours| unknown | Ellis1937 (in
auratus. (25 days) Hanes et d.
(goldfish) 1970 and
Anderson
1948)
5,000 0.086 0% mortality Micropterus | 200-250 | 22-225 | Wiebeet al.
salmoides hours 1934
(largemouth black
bass)
5,000 0.086 average surviva time | Notemigonus |148 hours| 22-225 | Wiebeet d.
crysoleucas 1934
(golden shiners)
5,840 0.100 50% mortdity Lepomis 96 hours | unknown | Birgeet al.
macrochirus 1985
(bluegill sunfish)
6,000 0.103 50% mortdity Catla catla, 48 hours | unknown | Gosh & Pal
Labeo rohoto, 1969
Cirrhinius (in Hammer
mrigalo 1977)
(three species of
Indian carp fry)
7,341 0.126 50% mortdity Carassius 96 hours 25 Adelman et
auratus (goldfish) a. 1976
7,650 0.131 50% mortality (LCsp) Pimephales | 96 hours 25 Adelman et
promelas a. 1976
(fathead minnows)
8,000 0.137 100% mortdlity Oncorhynchus |168 hours| 23 Beak 1999
mykiss (7 days)
(rainbow trout)
€ggs
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Table5-4: Continued.
Exposure | Exposure | Toxic Response Speciesof |Exposur | Water | Reference
Concentrati [Concentratio Concern eTime [Temperatu
on (NaCl n (NaCl re (°C)
mg/L) moles/L)
8,000 0.137 100% mortality Oncorhynchus |168 hours| 23 Beak 1999
mykiss (7 days)
(rainbow trout)
€ggs
(embryo-dvin
test)
Gradual gradual survival Perca flavescens| 720 hours| unknown | Young 1923
increase from| increase from (yellow perch) | (1 month) (in Hanes et
9,100to |0.156to 0.299 d. 1970)
17,500
8,000 0.137 75% mortality Pimephales |168 hours 23 Beak 1999
surviving fish had promelas (7 days)
impaired growth and | (fathead minnow)
svimming behavior | embryo <24 hours
8,000 0.137 100% mortality Pimephales |168 hours 23 Beak 1999
promelas (7 days)
(fathead minnow)
embryo <36 hours
8,000 0.137 LOEC Pimephales |168 hours|  25+1 Pickering et
promelas (7 days) a. 1996
(fathead minnow)
1to 7 daysold
10,000 0171 death Carassius 240 hours| unknown | Ellis1937 (in
auratus. or less Hanes et d.
(goldfish) (10 days 1970 &
or less) Anderson
1948)
10,000 0171 100% mortality Micropterus | 142-148 | 22-225 | Wiebeetd.
salmoides hours 1934
(largemouth black
bass)




Table5-4: Continued.
Exposure | Exposure | Toxic Response Speciesof  |Exposur W ater Reference
Concentrati [Concentratio Concern eTime |Temperatur
on (NaCl n (NaCl e (°C)
mg/L) moles/L)
10,000 0.171 average survival Notemigonus | 97 hours| 22-22.5 Wiebeet dl.
time crysoleucas 1934
(golden shiners)
11,690 0.200 surviva Anguilla japonica| 50 hours 20-22 Oshima 1931
(young ed) (in Doudoroff
& Katz 1953)
11,700 0.200 death Carassius auratus| 17 - 154 ~21 Powers 1917
(goldfish) hours (in Hammer
1977;
Doudoroff and
Katz 1953)
12,200 0.209 50% mortdity Lepomis 288 hours| 18.8-20.1 | Kszoset al.
(LCx0) macrochirus | (12 days) 1990
(bluegill sunfish)
young of the year
12,946 0.221 50% mortdlity Lepomis 96 hours 18+2 Patrick et al.
(LCs0) macrochirus 1968
(bluegill sunfish)
12,964 0.222 50% mortdity Lepomis 96 hours | unknown | Trama 1954
(TLm) macrochirus (in McKee
(bluegill sunfish) and Wolf
1963)
14,000 0.240 0% mortdity bass 336 hours| unknown |Black 1950 (in
(14 days) Hanes et a.
1970)
14,000 0.240 0% mortdity perch 336 hours| unknown |Black 1950 (in
(14 days) Hanes et .
1970)
17,500 0.299 50% mortdity | Gambusia affinis | 96 hours | unknown | Wallenet d.
(TLm) (mosguito-fish) 1957
(in Hammer
1977; McKee
and Walf,
1963)
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5.9.2 Cacdum Chloride

Short-term Exposure (24 hours or less)

A few studies have investigated the short-term toxicity (24 hours or less) of cacium chloride (Table 5-5
and Appendix B-2). Wdler et d. (1996) conducted the most detailed studies. Unfortunately, the lowest
test exposure was 7,752 mg/L. CaCl. Highlights are asfollows

1)

2)

3)

Three older sudies, Ellis (1937) and Abegg (1949; 1950) suggest that harmful effects can be
observed on goldfish and bluegill sunfish a concentrations of 7,550-8,400 mg/L CaCl. The firs
sudy was conducted in digtilled water where as the latter two were conducted in synthetic river
water. An additional study by Cairns and Scheler (1959) was located, but exposure times were
unknown.

Dowden and Bennett (1965) observed 50% mortality in bluegill Lepomis macrochirus) when
exposed to a concentration of 8,363 mg/L CaCl,.

Wadler et d. (1996) conducted an extensve suite of tests involving cacium chloride and the same
fish gpecies as were tested with sodium chloride (i.e, channd catfish, bluegill sunfish, smadlmouth
bass, rainbow trout, yellow perch, fathead minnows, brown trout, lake trout and walleye). Test
conditions involved 10,000 or 20,000 mg/L CaCl,, exposure times of 3, 12 or 24 hours, and water
temperatures of 12 or 17 °C. Water hardness was again held at 140+10 mg/L CaCOs for dl tests.

a) Channd catfish and fathead minnows experienced 100% mortaity when exposed for 24-hours
at 12°C to 10,000 mg/L CaCl, water. Yellow perch (80% mortality), brown trout (20%
mortdity), rainbow trout (16% mortality), bluegill sunfish (3.3% mortdity), waleye (3.3%
mortality) and smadlmouth bass (0% mortdity) were less sengtive to these conditions. These
same species of fish where less sengtive to sodium chloride under the same experimenta
conditions, experiencing no mortdity. Thisis in contrast to Edmister and Gray’s (1948) study
that found waleye and lake whitefish fry to be more sendtive to sodium chloride than cacium
chloride. Whitefish fry were immobilized at 12,060 mg/L CaCl, versus 16,560 mg/L NaCl while
walleye fry were immobilized a 22,080 mg/L CaCl, versus 3,859 mg/L NaCl. However,
Edmigter and Gray's study was an older, less comprehensive study and unknown factors may
have confounded study results.

b) Fathead minnow experienced a mean mortdity of 47%, channd catfish a mean mortdity of
37%, and yellow perch a mean mortdity of 10% when exposed for 12-hours a 12°C to
10,000 mg/L CaCl,. Ydlow perch gpparently are more sengtive that fatheed minnow to
cacium chloride.

c) Theresults of tests conducted by Wadler et d. (1996) dso illustrate how the sengtivity of fish to
cacium chloride increases with increasing temperatures. Channd catfish experienced a mortality
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of 37% during a 12-hour exposure to 10,000 mg/L CaCl, at 12°C. Mortdlity increased to 63%
when the same experiment was conducted at 17 °C.

Table5-5: Short-term responses (24 hours or less) of fish to various concentrations of cacium
chloride.
Exposure | Exposure Toxic Response Speciesof |Exposur| Water | Reference
Concentrati [Concentratio Concern eTime |Temperatu
on (CaCl, n (CaCl, re(°C)
mg/L) moles/L)
7,752 0.070 killed or injured Carassius 22-27 | unknown |Ellis1937 (in
auratus (goldfish)| hours McKee and
Wolf 1963)
8,363 0.143 50% mortdity Lepomis 24 hour | unknown |Dowden and
macrochirus Benneit
(bluegill sunfish) 1965
8,400 0.076 50% mortaity (TLm) Lepomis 24 hours| unknown |Abegg 1949,
macrochirus 1950 (in
(bluegill sunfish) Doudoroff
and Katz
1953)
10,000 0.090 0% mortality Lepomis 12 hours| 12 and 17 | Waler et d.
macrochirus (two 1996
(bluegill sunfish) different
experiments)
10,000 0.090 0% mortdity Micropterus |12 hours 12 Wadler et d.
dolomieu 1996
(smalmouth bass)
10,000 0.090 0% mortdity Sizostedion |12 hours| 12and 17 | Wdler et d.
vitreum (walleye) (two 1996
different
experiments)
10,000 0.090 10% mortdity Oncorhynchus |12 hours 12 Waler et d.
mykiss 1996
(rainbow trout)
10,000 0.090 10% mortdity  [Perca flavescens| 12 hours 12 Wdler et d.
(yellow perch) 1996




Table5-5: Continued.
Exposure | Exposure Toxic Response Speciesof |Exposur| Water | Reference
Concentrati [Concentratio Concern eTime |Temperatu
on (CaCl, n (CaCl, re(°C)
mg/L) moles/L)
10,000 0.090 37% mortality Ictalurus 12 hours 12 Wdler e d.
punctatus 1996
(channd catfish)
10,000 0.090 47% mortdity Pimephales |12 hours 12 Waler et d.
promelas 1996
(fathead minnow)
10,000 0.090 0% mortdity Micropterus |24 hours 12 Waler et d.
dolomieu 1996
(smalmouth bass)
10,000 0.090 0% mortdity Salvelinus |24 hours 12 Wadler et d.
namaycush 1996
(Iake trout)
10,000 0.090 3.3% mortdity Lepomis 24 hours 12 Wadler et d.
macrochirus 1996
(bluegill sunfish)
10,000 0.090 3.3% mortdity Sizostedion |24 hours 12 Wdler et d.
vitreum (walleye) 1996
10,000 0.090 16% mortdity Oncorhynchus |24 hours 12 Waler et d.
mykiss (rainbow 1996
trout)
10,000 0.090 20% mortality Salmo trutta | 24 hours 12 Wdler et d.
(brown trout) 1996
10,000 0.090 80% mortality  |Perca flavescens| 24 hours 12 Wdler e d.
(yellow perch) 1996
10,000 0.090 100% mortadity Ictalurus 24 hours 12 Wdler et d.
punctatus 1996
(channdl catfish)




Table5-5: Continued.
Exposure | Exposure Toxic Response Speciesof |Exposur| Water | Reference
Concentrati [Concentratio Concern eTime |Temperatu
on (CaCl, n (CaCl, re(°C)
mg/L) moles/L)
10,000 0.090 100% mortality Pimephales |24 hours| 12and 17 | Wdler et d.
promelas (two 1996
(fathead minnow) different
experiments)
10,000 0.090 40% mortality Oncorhynchus |12 hours 17 Wdler et d.
mykiss 1996
(rainbow trout)
10,000 0.090 63% mortality Ictalurus 12 hours 17 Wadler et d.
punctatus 1996
(channd caifish)
10,000 0.090 83% mortdity  |Perca flavescens| 12 hours 17 Wadler et d.
(yellow perch) 1996
10,000 0.090 0% mortality Lepomis 24 hours 17 Waller et d.
macrochirus 1996
(bluegill sunfish)
10,000 0.090 0% mortdity Sizostedion |24 hours 17 Wdler et d.
vitreum (walleye) 1996
10,000 0.090 49% mortality Oncorhynchus |24 hours 17 Waler et d.
mykiss 1996
(rainbow trout)
10,000 0.090 death Tincavwulgaris | 3 hours 20 Wiebeet d.
(tench) 1934
10,000 0.090 average survivd time |  Notemigonus 27.6 22-22.5 |Wiebeetd.
crysoleucas hours 1934
(golden shiners)
13,874 0.125 death Oriziasslatipes | 24 hours| unknown | lwao 1936
(smdl freshwater (in
cyprinodont) Doudoroff
and Katz
1953)




Table5-5: Continued.
Exposure | Exposure Toxic Response Speciesof |Exposur| Water | Reference
Concentrati [Concentratio Concern eTime |Temperatu
on (CaCl, | n(CaCl, re (°C)
mg/L) moles/L)
15,000 0.135 average survivd time Lepomis 17.7 22-22.5 |Wiebeetd.
macrochirus hours 1934
(bluegill sunfish)
15,000 0.135 average survivd time| Notemigonus |17 hours| 22-22.5 |Wiebeet d.
crysoleucas 1934
(golden shiners)
20,000 0.180 17% mortdity Sizostedion | 3 hours 12 Wdler et d.
vitreum (walleye) 1996
20,000 0.180 20% mortality Oncorhynchus | 3 hours 12 Waller et d.
mykiss 1996
(rainbow trout)
20,000 0.180 83% mortality Ictalurus 3 hours 12 Wdler et d.
punctatus 1996
(channd catfish)
20,000 0.180 97% mortaity Lepomis 3 hours 12 Wadler et d.
macrochirus 1996
(Pluegill sunfish)
20,000 0.180 100% mortality Pimephales | 3hours| 12 and 17 | Wdler et d.
promelas two different 1996
(fathead minnow) experiments)
20,000 0.180 63% mortality Oncorhynchus | 3 hours 17 Wdler et d.
mykiss 1996
(rainbow trout)
20,000 0.180 100% mortaity Stizostedion | 3 hours 17 Wadler et d.
vitreum (walleye) 1996
20,000 0.180 average survivd time| Notemigonus (6.4 houry 22-22.5 |Wiebeet d.
crysoleucas 1934
(golden shiners)
20,000 0.180 average urvivd time Lepomis 195 22-22.5 |Wiebeetd.
macrochirus hours 1934
(Pluegill sunfish)




Long-term Exposure (50 hoursto 7 weeks)

Some studies were located which investigated the longer-term responses (50 hours to 7 weeks) of fish
to eevated cacium chloride concentrations (Table 56 and Appendix B-2). These tedts were
conducted at concentrations ranging from 277 - 13,400 mg/L CaCl. Highlights are asfollows.

1)

2)

3)

The river shiner (Notropis blennis) died when exposed to calcium chloride concentrations as low
as 277 mg/L for 7 weeks (Garrey 1916). This was an older study and details on the experimental
design were limited. The tests were conducted in didtilled water, which is a poor rearing medium
because it lacks essentid sdlts.

Cairns and Scheir (1958) report a 50% mortdity of bluegill sunfish exposed to 9,500 mg/L CaCl,
for 96 hours, an estimate that is not much different from Peatrick et d.’s (1968) observation of 50%
mortality at 10,650 mg/L. In contrast, 50% mortaity of bluegill sunfish when exposed to devated
concentrations of sodium chloride for 96 hours occurs a ca. 12,964 mg/L NaCl (Table 5-4). This
suggests that bluegill sunfish may be less tolerant of calcium chloride than sodium chloride.

As expected, the tolerance to cacium chloride decreases with exposure time. Wiebe et d. (1934)
reported that golden shiners (Notemigonus crysoleucas) survived for 143.5 hours in a mixture of
digtilled and tap water containing 5,000 mg/L CaCl,. They only survived 28 hours when the test
water contained 10,000 mg/L CaCl, and for 6.4 hours when the test water contained 20,000 mg/L
CaC|2.
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Table5-6:

Long-term responses (greater than 24 hours) of fish to various concentrations of

cacium chloride.
Exposure | Exposure | Toxic Response Species of Exposur Water Reference
Concentrati (Concentratio Concern eTime |Temperatur
on (CaCl, | n(CaCl, e (°C)
mg/L) moles/L)
277 0.002 death Notropisblennius | 840-1176 room Garrey 1916 (in
(river shiner) hours temperature | Doudoroff &
(5-7 weeks) Katz 1953)
555 0.005 killed or injured Ambloplites 168 hours [ unknown Ellis1937
rupestris (1 week) (inMcKeeand
(rock bass) Wolf 1963)
832 0.007 death Notropisblennius | 336-504 room Garrey 1916 (in
(river shiner) hours (14- | temperature | Doudoroff and
21 days) Katz 1953)
2,775 0.025 death Notropis blennius 48-96 room Garrey 1916 (in
(river shiner) hours (2-4| temperature | Doudoroff and
days) Katz 1953)
5,000 0.045 average survival time Notemigonus 143.5 hours 22-225 Wiebeet a.
crysoleucas 1934
(golden shiners)
5,000 0.045 death Notemigonus 143 hours | unknown Ellis 1937 (in
crysoleucas Anderson 1948)
(golden shiners)
9,500 0.086 50% mortality (TLm) Lepomis 96 hours unknown Cairns &
macrochirus (bluegill Scheier 1958 (in
sunfish) McKee & Wolf
1963)
Gradual gradual death fish within288| unknown | Young 1923 (in
increase from | increase from hours Haneset al.
9,500t0 13,500( 0.086to 0.122 (within 12 1970)
days)
10,000 0.090 average survival time Lepomis 48.8 hours 22-225 Wiebeet al.
macrochirus (bluegill 1934
sunfish)
10,650 0.096 50% mortality (L Cs) Lepomis 96 hours 18+2 Patrick et al.
macr ochirus (bluegill 1968
sunfish)
11,099 0.100 survival Anguillajaponica | 50 hours 20-22 Oshima 1931 (in
(young eel) Doudoroff &
Katz 1953)
13,400 0121 50% mortality (TLm) Gambusia affinis | 96 hours unknown Wallenet al.
(mosquito-fish) 1957
(inMcKee &
Wolf 1963)




5.9.3 Magnesum Chloride

Compared to the other sdts there is a limited amount of information on the effects of magnesum
chloride on fish. Aswell, the available data was taken from old references (i.e., prior to 1958).

Short-term Exposure (24 hours or less)

Two sudies were found on the short-term exposure of fish to magnesum chloride (Table 57 and
Appendix B-3).

1) Iwao (1936) found Orizas latipes, a smdl freshwater cyprinodont, died within 24 hours of
exposure to 23,809 mg/L MgCl. Water temperature and general water quality were not reported
for this study.

2) Wiebe et d. (1934) investigated golden shiner (Notemigonus crysoleucas) survivd times for
various exposure times and concentrations of magnesium chloride. Test exposures extended to 96
hours. Average surviva times of 96.5 hours, 4.6 hours, 0.8 hours and 0.5 hours for golden shiners
were associated with exposures to 5,000 mg/L, 10,000 mg/L, 15,000 mg/L and 20,000 mg/L
MgCl, respectively. Test conditions involved test water composed of an aerated mixture of distilled
and tap water at 22-22.5 °C. In contrast, golden shiners survived for an average time of 27.6 hours
in 10,000 mg/L CaCl, and 97 hours in 10,000 mg/L NaCl at 22-22.5 °C. This again suggests that
magnesium chloride is most toxic to fish, followed by cacium chloride and then sodium chloride.
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Table5-7:

Short-term responses (24 hours or less) of fish to various concentrations of magnesum

chloride.
Exposure | Exposure Toxic Response Speciesof  |Exposur| Water | Reference
Concentrati |Concentratio Concern eTime |Temperatu
on (MgCl, | n(MgCl, re(°C)
mg/L) moles/L)
10,000 0.105 average survivd time | Notemigonus (4.6 hours| 22 - 22.5 |Wiebeet d.
crysoleucas 1934
(golden shiners)
15,000 0.158 average survivd time | Notemigonus |0.8 hours| 22 -22.5 |Wiebeet d.
crysoleucas 1934
(golden shiners)
20,000 0.210 average aurvivd time | Notemigonus |0.5 hours| 22 -22.5 |Wiebeet d.
crysoleucas 1934
(golden shiners)
23,809 0.250 death Oriziasslatipes | 24 hours| unknown | Iwao 1936
(small freshwater (in
cyprinodont) Doudoroff
and Katz
1953)

Long-term Exposure (3-21 days)

Five studies were located on the long-term exposure of fish to magnesum chloride (Table 5-8 and
Appendix B-3). The degths of various fish species in many of these long-term exposure tests were

associated with relatively small concentrations of magnesium chloride. Highlights are as follows:

1) Garey (1916) reported the mortdity of the river shiner (Notropis blennius) occurred after
exposure to 476 mg/L MgCl, over 4 to 6 days at room temperature; however, this experiment was
conducted in digtilled water. Ellis (1937) dso conducted experiments using digtilled water and noted
that minnows experienced mortality after being exposed for 4-6 daysto 476 mg/L MgCl.

2) As previoudy noted, Wiebe et d. (1934) found that golden shiners (Notemigonus crysoleucas)
survived an average of 96.5 hours when exposed to 5,000 mg/L MgCl, at 22 °C.

3)

Comparatively, young edls Anguilla japonica) survived 50 hours of exposure to 9,523 mg/L

MgCl, in a water temperature of 20-22 °C (Oshima 1931); water quality was not reported.
Mosquito-fish (Gambusia affinis) dso had a high reported tolerance to magnesium chloride
(Waller et d. 1957).




Table5-8:

Long-term responses (greater than 24 hours) of fish to various concentrations of

magnesum chloride.
Exposure | Exposure Toxic Species of Exposure| Water Reference
Concentrati |Concentratio] Response Concern Time |Temperatur
on (MgCl, | n(MgCl, e (°C)
mg/L) moles/L)
476 0.005 death MINNOWS 96-144 | unknown Ellis1937
hours (inMcKeeand
(4-6 days) Wolf 1963)
476 0.005 death Notropisblennius| 96-144 room Garrey 1916
(river shiners) hours | temperature | (in Doudoroff
(4-6 days) and Katz
1953)
2,381 0.025 death Notropis blennius| ~48 hours room Garrey 1916
(river shiners) (2days) | temperature | (in Doudoroff
and Katz
1953)
5,000 0.053 average Notemigonus |96.5hours| 22-22.5 | Wiebeet d.
aurvivd time|  crysoleucas 1934
(golden shiners)
6,757 0.071 death [Carassiusauratus| 72-504 | unknown Ellis 1937
(goldfish) hours (inMcKeeand
(3-21 Wolf 1963)
days)
9,523 0.100 aurvivd | Anguilla japonica| 50 hours 20-22 Oshima 1931
(young ed) (in Doudoroff
and Katz
1953)
13,400 0.141 50% Gambusia affinis| 96 hours | unknown | Wadlenetd.
mortaity (mosguito-fish) 1957 (in
(TLm) McKee and
Wolf 1963)
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5.9.4 Potassum Chloride

Short-term Exposure (24 hours or less)

A number of studies were located which investigated the tolerance of fish to short-term exposure to
potassium chloride. Waller et a. (1996) conducted the most comprehensive studies. The range of test
concentrations was as low as 74.6 mg/L and as high as 32,800 mg/L KCl (Table 5-9 and Appendix B-
4). Highlights are as follows.

1

2)

3)

4)

5)

A concentration of 74.6 mg/L KCl lead to the deeth of goldfish (Carassius auratus) within 4.5 to
15 hours (Ellis 1937). Didtilled water was used in this test. While fish are often tolerant of digtilled
water for short periods (i.e., lessthan 1 day), thereis the possibility that the digtilled water may have
influenced the results.

Dowden and Bennett (1965) observed 50% mortality in bluegill Lepomis macrochirus) when
exposed to a concentration of 5,546 mg/L KCl.

Waler et a. (1996) conducted extensve studies on the effects of potassum chloride on various fish
species over exposure times of up to 24 hours. Test conditions were 2,500 or 10,000 mg/L KCl,
exposure times of 3, 6 or 24 hours, water temperatures of 12 or 17 °C, and a water hardness of
140+10 mg/L CaCOs. Walleye experienced 100% mortaity when exposed for 24 hours to 2,500
mg/L KCl a 12 °C. Ydlow perch (46.7% mortdity), channd caifish (3.9% mortdity), and
smallmouth bass (3.9%) were less sendtive. The least sengtive were bluegill sunfish, rainbow trout,
fathead minnows, brown trout, lake trout which experienced no mortdity under these conditions.

The sengitivity to potassum chloride increased with temperature (Wdler et d. 1996). While ydlow
perch experienced a mortdity rate of 46.7% a concentrations of 2,500 mg/L KCl, exposure times
of 24 hours and water temperatures of 12°C, mortality increased to 80% when the experiment was
conducted at 17 °C. Similarly, bluegill mortaity increased from 0% to 20% for the two temperatures
and test conditions.

Wadler et a.’s (1996) study aso provides information on the relative sengtivity of yellow perch to
chloride sdlts. As noted above, yellow perch experienced 80% mortality when exposed to 2,500
mg/L KCl for 24 hours a 17°C. In contrast, yellow perch required exposure to 10,000 mg/L CaCl,
to attain amortdity of 83%. Ydlow perch exposed for 24 hours to 10,000 mg/L NaCl experienced
0% mortdity. This suggest that potassum chloride is more toxic to yelow perch than cacium
chloride and sodium chloride is the least toxic.
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Table5-9: Short-term responses (24 hours or less) of fish to various concentrations of potassum
chloride.
Exposure | Exposure Toxic Speciesof |Exposur| Water Reference
Concentrati [Concentratiol Response Concern eTime |Temperatur
on (KCl n (KCl e (°C)
mg/L) moles/L)
74.6 0.001 death Carassius 4.5-15 | unknown Ellis 1937
auratus (goldfish)| hours (inMcKee
and Wolf
1963)
373 0.005 death MiNNOWs 12-29 | unknown Ellis 1937
hours (inMcKee
and Wolf
1963)
400 0.005 death Notropis 12-29 room Garrey 1916
blennius (river | hours | temperature | (in Hammer
shiner) 1977,
Doudoroff
and Katz
1953)
1937 0.026 death Oriziasslatipes |24 hours| unknown |lwao 1936 (in
(small freshwater Doudoroff
cyprinodont) and Katz
1953)
2,500 0.034 3.9% mortadity Ictalurus 24 hours 12 Wdler et d.
punctatus 1996
(channd catfish)
2,500 0.034 0% mortdity Lepomis 24 hours 12 Waler et d.
macrochirus 1996
(bluegill sunfish)
2,500 0.034 3.9% mortdity | Micropterus |24 hours 12 Waler et d.
dolomieu 1996
(smdlmouth bass)
2,500 0.034 0% mortdity | Oncorhynchus |24 hours| 12and 17 | Waler et d.
mykiss (two different 1996
(rainbow trout) experiments)
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Table5-9: Continued
Exposure | Exposure Toxic Speciesof |Exposur| Water Reference
Concentrati (Concentratiol Response Concern eTime |Temperatur
on (KCl n (KCl e (°C)
mg/L) moles/L)
2,500 0.034 0% mortdity Pimephales |24 hours| 12and 17 | Wdler e d.
promelas (two different 1996
(fathead minnow) experiments)
2,500 0.034 46.7% mortality | Per ca flavescens| 24 hours 12 Waler et d.
(yellow perch) 1996
2,500 0.034 0% mortdity Salmo trutta |24 hours 12 Wadler et d.
(brown trout) 1996
2,500 0.034 0% mortdity Salvelinus |24 hours 12 Wdler et d.
namaycush 1996
(lake trout)
2,500 0.034 100% mortaity | Stizostedion |24 hours| 12and 17 | Waler et d.
vitreum (waleye) (two different 1996
experiments)
2,500 0.034 0% mortdity Ictalurus 24 hours 17 Wadler et d.
punctatus 1996
(channd catfish)
2,500 0.034 20.0% mortality Lepomis 24 hours 17 Wadler et d.
macrochirus 1996
(bluegill sunfish)
2,500 0.034 80% mortaity |Perca flavescens| 24 hours 17 Waler et d.
(yellow perch) 1996
5,500 0.074 50% mortality Lepomis 24 hours| unknown | Abegg 1949,
(TLm) macrochirus 1950 (in
(bluegill sunfish) Doudoroff and
Katz 1953)




Table5-9: Continued
Exposure | Exposure Toxic Speciesof  |Exposur| Water Reference
Concentrati [Concentratiol Response Concern eTime |Temperatur
on (KCI n (KCl e (°C)
mg/L) moles/L)
5,546 0.095 50% mortality Lepomis 24 hours| Unknown | Dowden and
macrochirus Bennett 1965
(bluegill sunfish)
7,700 0.103 death Carassus [4.6-15 ~21 Powers 1917
auratus (goldfish)| hours (in Hammer
1977)
Doudoroff and
Katz 1953)
10,000 0.134 0% mortdity Salvelinus 3 hours 12 Wadler et d.
namaycush 1996
(lake trout)
10,000 0.134 0% mortdity Stizostedion | 3 hours 12 Wadler et d.
vitreum (walleye) 1996
10,000 0.134 0% mortdity Pimephales | 6 hours 12 Wadler et d.
promelas 1996
(fathead minnow)
10,000 0.134 0% mortdity Salmo trutta | 6 hours 12 Wadler et d.
(brown trout) 1996
10,000 0.134 0% mortdity Salvelinus 6 hours 12 Wadler et d.
namaycush 1996
(lake trout)
10,000 0.134 22.1% mortality| Oncorhynchus | 6 hours 12 Waller et d.
mykiss 1996
(rainbow trout)
10,000 0.134 50% mortality | Micropterus | 6 hours 12 Wadler et d.
dolomieu 1996
(smdlmouth bass)
10,000 0.134 63.3% mortality| Stizostedion | 6 hours 12 Wadler et d.
vitreum (waleye) 1996




Table5-9: Continued
Exposure | Exposure Toxic Speciesof  |Exposur| Water Reference
Concentrati (Concentratiol Response Concern eTime |Temperatur
on (KCl n (KCl e (°C)
mg/L) moles/L)
10,000 0.134 30% mortaity | Oncorhynchus | 3 hours 17 Wadler et d.
mykiss 1996
(rainbow trout)
10,000 0.134 6.7% mortdity | Stizostedion | 3 hours 17 Wadler et d.
vitreum (waleye) 1996
10,000 0.134 93.3% mortality| Oncorhynchus | 6 hours 17 Wadler et d.
mykiss 1996
(rainbow trout)
10,000 0.134 93.3% mortaity| Stizostedion | 6 hours 17 Wadler et d.
vitreum (waleye) 1996
10,000 0.134 0% mortdity Ictalurus 3hours| 12and 17 | Wdleretd.
punctatus (two 1996
(channd catfish) different
experiments)
10,000 0.134 0% mortdity Lepomis 3hours| 12and 17 | Wdleretd.
macrochirus (two 1996
(bluegill sunfish) different
experiments)
10,000 0.134 0% mortdity Pimephales | 3hours| 12and 17 | Wdleret d.
promelas (two 1996
(fathead minnow) different
experiments)
10,000 0.134 0% mortdity Ictalurus 6hours| 12and 17 | Wadleretd.
punctatus (two 1996
(channd catfish) different
experiments)




Table5-9: Continued
Exposure | Exposure Toxic Speciesof |Exposur| Water Reference
Concentrati [Concentratiol Response Concern eTime |Temperatur
on (KCl n (KCl e (°C)
mg/L) moles/L)
10,000 0.134 0% mortdity Lepomis 6hours| 12and 17 | Wadleretd.
macrochirus (two 1996
(bluegill sunfigh) different
experiments)
10,000 0.134 0% mortdity |Percaflavescens| 6 hours| 12and 17 | Wadler et d.
(yellow perch) (two 1996
different
experiments)
12,060 0.162 50% mortaity | Stizostedion (24 hours| unknown | ORVWSC
(TLm) vitreum (waleye) 1950
(inMcKeeand
Wolf 1963)
32,800 0.440 death Carassius 0.23- ~21 Powers 1917
auratus (goldfish)| 0.28 (in Hammer
hours 1977;
Doudoroff and
Katz 1953)

Long-term Exposure (50-168 hours)

Seven studies were found on the long-term exposure of fish to potassum chloride. Test concentrations
ranged from 500-6,209 mg/L KCI and exposure times of 50-168 hours (Table5-10 and Appendix B-
4). Highlights are as follows.

1

Fathead minnows had no detectable mortality when exposed to 500 mg/L KCl for 7 days. The

LOEC was 1,000 mg/L for a 7-day exposure (Pickering et a. 1996); minnows were 1 to 7 days
old. Beak (1999) used potassum chloride as a reference toxicant in its 7-day fathead minnow
aurvival and growth test, usng larva that were less than 1 day old. In this instance, the 7-day LCs
was 861 mg/L KCIl. This concentration was consderably lower than the LCs, of 5,490 mg/L NaCl.

2)

(Wallen et d. 1957).

97

Fifty percent of mosguito-fish died when exposed for 96 hours to 920 mg/L KCl in turbid waters




Table5-10:

Long-term responses (greater that 24 hours) of fish to various concentrations of
potassum chloride.

Exposure | Exposure Toxic Speciesof  |Exposure| Water Reference
Concentrati [Concentratiol Response Concern Time |Temperatur
on (KCI n (KCl e (°C)
mg/L) moles/L)
500 0.007 NOEC Pimephales |168hours| 25+1 Pickering et
promelas (7 days) al. 1996
(fathead minnow)
1-7 daysold
920 0.012 50% mortaity | Gambusia affinis| 96 hours | unknown | Wdlenet d.
(TLm) (mosuito-fish) 1957
(in Hammer
1977,
McKee and
Wolf 1963)
1,000 0.013 LOEC Pimephales |168 hours| 25+1 Pickering et
promelas (7 days) al. 1996
(fathead minnow)
1-7 daysold
1,360 0.018 death Perca flavescens| 72 hours | unknown | Young 1923
(yellow perch) | (3 days) (inMcKee
and Wolf
1963)
2,000 0.027 50% mortality Lepomis 96 hours | unknown | Trama 1954
(TLm) macrochirus (in Hammer
(bluegill sunfish) 1977)
2,010 0.027 50% mortality Lepomis 96 hours | unknown | Anon. 1960
(TLm) macrochirus (inMcKee
(bluegill sunfish) and Wolf
1963)
2,010 0.027 50% mortality Lepomis 96 hours 18+2 Patrick et d.
macrochirus 1968
(bluegill sunfish)
6,209 0.083 urviva Anguilla japonical 50 hours 20-22  |Oshima 1931
(young ed) (in Doudoroff
and Katz
1953)




3)

4)

Bluegill sunfish experienced a 50% mortdity rate when exposed to ca 2,000 mg/L KCl for 96
hours (Trama 1954; Anon. 1960; Patrick et a. 1968).

Y oung edls were able to survive for 50 hoursin 6,209 mg/L KCl (Oshima 1931).

510 Amphibians

Two sudies were located which investigated the toxicity of chloride sdts to amphibians. While useful,
neither was aufficient in quantifying the effects of high chloride concentrations on egg survivorship.
Accordingly, additiona data was obtained by contacting Besk International to conduct additiona
toxicity testing. Highlights of the udies are asfollows

1)

2)

Padhye and Ghate (1992) investigated the short-term effects of different concentrations of sodium
and potassium chloride on embryaos and tadpoles of the frog, Microhyla ornata, a species found in
India Embryos treated with 2,000 mg/L (0.2%) KCl experienced swollen heads which increased
their buoyancy, causing them to float with their ventrd sdes upward. Exposure to sodium chloride
at concentrations of 5,000-6,000 mg/L (0.5% to 0.6%) resulted in incomplete closure of the neura
tube. Both potassum and sodium chloride caused significant reduction in swelling of the perivitelline
gpace. Tadpoles were observed to be somewhat more resistant to both salts compared to embryos.
However, potassum chloride was found to be more toxic than sodium chloride. For late gastrula
stage embryos, the 24-hr LCso was 6,482 mg/L NaCl and 5,000 mg/L KCl. The 96-hr LCs
decreased to 2,711 mg/L NaCl and 1,414 mg/L KCl respectively. Eight-day old tadpoles had an
LCs of 5,027 mg/L NaCl and 1,593 mg/L KCl while hind-limb tadpoles had an LCs, of 6,929
mg/L NaCl and 2,539 mg/L KCl. Embryos were more sendtive than tadpoles to sodium and
potassum chloride, but both were more sensitive to potassum than sodium chloride.

Exposure to high concentrations of sodium and potassum chloride reduced enzyme activity in the
estivating Couch’s spadefoot toad, Scaphiopus couchi, and the non-estivating leopard frog, Rana
pipiens (Grundy and Storey 1994). The former species is found in the southeastern United States
while the latter is found throughout much of provincid Canada and the centrd United States.
Edtivation is the summer equivdent to hibernation and is done to avoid heat and/or drought. The
addition of 11,690 mg/L NaCl (200 mM) resulted in an 81% reduction in the maximum reaction
rate, or Vmax, of pyruvate kinase for the toad and an 87% reduction for the frog. For the enzyme
phosphofructokinase, these reductions were 55% for the toad and 86% for the frog. The addition of
12,000 mg/L KCI (200 mM) resulted in a 26% reduction in the toad and a 35% reduction in the
frog maximum reaction rate of pyruvate kinase. These additions reduced the maximum reaction rate
of phosphofructokinase by 42% for the toad and 12% for the frog. Overdl, sodium chloride had a
stronger impact on enzyme function than potassum chloride. The implication of thisto frog and toad
survivorship was not investigated.



3) The Beak study (1999) investigated the 7-day survivorship of tadpoles (<2 weeks old) of the
African clawed frog, Xenopus leavis, in 6 concentration levels (250, 500, 1,000, 2,000, 4,000,
and 8,000 mg/L NaCl) sodium chloride in addition to control populations. Experiments were
conducted at 23° C. The studies were initiated too late to use a native Canadian frog species.
Survivorship a the end of 7 days ranged from 90-97% at concentrations up to 2,000 mg/L NaCl,
decreasing to 6.7% at 4,000 mg/L NaCl and to 0% for the 8,000 mg/L NaCl treatment. For the
4,000 and 8,000 mg/L NaCl trestments, most mortality occurred on day 2. Impaired svimming
behaviour aso was noted. The 7-day LCs Was estimated at 2,940 mg/L NaCl and the 7-day ECs,
was estimated at 2,510 mg/L NaCl. Potassum chloride was used as a reference toxicant and had
amilar toxicity as sodium chloride (i.e,, an LCs and ECs of 2,230 mg/L KCl). Thisisin contrast to
the Padhye and Ghate (1992) study that reported a greater sendtivity of the frog, Microhyla
ornata, to potassum than sodium chloride when mortdity was the test response. Grundy and
Storey (1994) noted a greater reduction in enzyme function when Couch’'s spadefoot toad and the
leopard frog were exposed to sodium rather than potassum chloride.

511 AquaticBirds

One study was found that investigated the sublethal effects of sodium chloride on aquatic birds. Hughes
et al. (1991) determined that Peking ducks, Anas platyrhynchos, that drank salty (17,354 mg/L NaCl)
water for one month had 73% of their body mass as body water compared to 63% for ducks that
drank freshwater.

5.12 Additional Considerations

5.12.1 lon Interactions

A physiologicaly-baanced sat solution contains different sdts, particularly sodium, calcium, magnesum
and potassum, in proportions that neutrdize or reduce the specific toxicity of each through antagonigtic
actions (Doudoroff and Katz 1953). Therefore, the toxicity of cations to aguatic organisms can be
counteracted or sometimes enhanced by other cations in solution (Doudoroff and Katz 1953). Three
studies have investigated ion interactions and toxicity.

1) Garrey (1916) noted that arelatively smal amount of calcium chloride (20-40 mg/L CaCl,) added
to a solution of sodium, magnesum or potassum chloride in distilled water reduced the toxicity of
that chloride solution to minnows (Notropis sp.).

2) Grizzle and Mauldin (1995) found that increasing the concentration of cacium ions decreased the
toxicity of sodium chloride to juvenile striped bass (Morone saxatilis). The letha concentration
resulting in 50% mortdity of juveniles increased from 1,400 mg/L NaCl to 18,200 mg/L NaCl as
the calcium concentration incressed from 3.0 to 100 mg/L Ca*. Test conditions involved 24-hour
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3)

4)

exposures to sodium chloride and calcium chloride added to water from a hatchery reservoir at 21-
22 °C. The decreasing toxicity was thought to be a result of the reduction in the ratio of Na':Ca*
resulting from the addition of the cdcium. A low-caciunvhigh-sodium environment dso adversdy
affected red drum (Sciaenops ocellatus) and channd catfish (Ictalurus punctatus). The Na':Ca*
ratio was considerably lower in certified NaCl (33,713) and food grade sdt (17,282) than rock salt
(85) and rock sdt mixed with cacium chloride (53). The authors hypothesized that rock sdt has
enough calcium to prevent NaCl toxicity under the conditions employed in the studly.

Borgmann (1996) determined the aqueous ionic requirements of the freshwater amphipod, Hyalella
azteca. Sodium (13.8 mg/L) and bicarbonate (122.0 mg/L) were essentia ions with amphipods
dying rapidly when reared in distilled water. Magnesum (8.51 mg/L) improved surviva and growth,
but was toxic in the absence of calcium. Potassum (1.6 mg/L) improved growth and the production
of young, but had no effect on survivorship. In contrast, sulphate (33.6 mg/L) and chloride (22.7
mg/L) had no effect on amphipod survivorship, growth, and reproduction.

Sdine lakes support a variety of plant and anima species dthough diversity tends to be lower in
comparison to fresh water. These lakes, while generdly carbonate, sulfate, or chloride dominated,
typicaly are elevated in dl the mgor sats (Cumming and Smol 1993; Fitz et d. 1993; Herbst
1988; Wood and Tdling 1988). Complex interactions among sodium, potassum, magnesum, and
chloride ions may play an unknown role in extending the sdinity tolerances of species inhabiting
these [akes.

5.12.2 Road Salt Toxicity

Few studies have invedtigated the toxicity of pure formulations of road sdt and direct road sdt runoff.
These sudies are as follows:

1)

2)

Peter Meier (School of Public Hedth, Ann Arbor, Michigan) and his graduate sudent, Blaise
Blastos, have been comparing the toxicity of sodium chloride, cacium chloride, deicing sdt, and
road sdt. For Ceriodaphnia dubia, cacium chloride was the most toxic followed by deicing sdlt,
sodium chloride and road sdt; however, toxicity varied by only afactor of 1.6 across the four salts
consdered (Table 5-11). The LCs, for sodium chloride was smilar to that (2-day) observed by
Cowgill and Milazzo (1990) for C. dubia. Statistical tests were not performed to assess whether
these differences were sgnificant.

For the fathead minnow, Meer and Blastos determined that deicing sdt was the most toxic,
followed by sodium chloride, and then calcium chloride; toxicity varied by afactor of 1.8 across the
three sdts consdered. The LCs, for fathead minnow was smilar to that (96-hour) reported by
Adedman et d. (1976). Overdl, there was neither alarge or consstent difference between road st
and sodium chloride toxicity, with sodium chloride some 1.2-1.4 times more toxic than road sdt.
Fathead minnows were more tolerate of dl three saltsthan C. dubia.
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3) Mee and Blastos dso exposed Daphnia magna and fathead minnows to road sdt. The LCs, for
road st was 4,390 mg/L for D. magna and 9,410 mg/L for fathead minnow. Fathead minnows
appeared to be more sengtive to deicing salts than road salt. Cowgill and Milazzo (1990) reported
a2-day LCs of 7,754 mg/L NaCl. Thismay suggest that D. magna are more sengtive to road sat
than sodium chloride.

Table5-11:  Toxicity of the zooplankton, Ceriodaphnia dubia and Daphnia magna, and the
fathead minnow, Pimephal es promelas, to sodium chloride, cacium chloride, road st

and deicing Ait.
Ceriodaphnia dubia Daphnia magna Pimephal es promales
ECso 95% ECso 95% ECso 95%
(gmiL) Confidence | (gm/L) | Confidence | (gmL) Confidence
Interval Interval Interval

Sodium Chloride (NaCl)
Test 1 2.28 2.14-2.43 - - 717 6.92-7.44
Test 2 2.40 2.30-2.50 - - 7.24 6.90-7.60
Mean 2.34 - - - 7.21 -
Cacium chloride (CaCl)
Test 1 1.03 0.89-1.19 - - 9.52 8.68-10.45
Test 2 1.84 1.64-2.08 - - - -
Mean 1.44 - - - 9.52 -
Deidng st
Test 1 2.14 1.76-2.60 - - 5.96 5.26-7.74
Test 2 1.78 1.52-2.08 - - 4.33 3.78-4.96
Test 3 - - - - 9.23 7.98-10.67
Test 4 - - - - 5.50 5.05-5.98
Mean 1.96 - - 6.26
Road Sdt
Test 1 - - 4.42 4.21-4.63 9.25 8.93-9.58
Test 2 - - 4.45 4.18-4.75 9.57 9.91-9.96
Test 3 - - 431 4.06-4.58 - -
Mean - - 4.39 9.41

Source: P. Meer and B. Blastos (School of Public Hedth, the University of Michigan, Ann Arbor,
Michigan), with permission.
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4) Rokosh et d. (1997) dso conducted bioassays using road sdt. Rainbow trout, Daphnia, and
Ceriodaphnia dubia test results were smilar to those reported using the same species of animas
and sodium chloride. Given that road salts conss of various formulations (i.e., mixtures of sodium
and calcium chlorides), depending on the manufacturer, these comparative data sets are too smal to
convincingly quantify differences in toxicity between sodium chloride and road sdt formulations.
Differences, if they exig, are probably small.

5.12.3 Road Runoff Toxicity

A number of researchers have investigated the toxicity of road runoff (Buckler and Granato 1999)
dthough such studies have not dways condgdered snowmet contaminated by road sat. Runoff from
such roads contains not only sodium and calcium chlorides but other sdts, ferrocynanides, trace metds,
organic contaminants (i.e., polynuclear aromatic hydrocarbons) and nutrients (Marsaek et a. 1999 a,
b). Fud is a source of lead, brake linings a source of copper, vehicles types a source of zinc and
cadmium, while deicing sdts can contain chromium and copper (Matby et a. 1995a). Therefore,
snowmdt highway runoff could be expected to be more toxic than sodium chloride aone, particularly
when the runoff originates from heavily used highways. A few studies were reviewed for this document.
Study highlights are asfollows.

1) Isabdle et d. (1987) found that species diversty, evenness, and richness decreased significantly
when increasing proportions of snowmelt were used as the test water. Only two species, the
common cattail, Typha latifolia, and the purple loosestrife, Lythrun salicaria, germinated in pure
roadsde snowmet. However, no analyses were conducted on the snowmelt to determine the
chemica composition of the test water. Field observations by Isabelle et d. aso reveded that
species such as the flat-topped white aster, Aster umbellatus and the three-way sedge, Dulichium
arundinaceum were intolerant to snowmet and are uncommon in wet roadside ditches in urban
Ontario. Dominant species are those most tolerant to snowmdt (eg., Lythrum salicaria and
Typha latifolia). It is not clear whether toxicity was a result of exposure to road sdts or to other
contaminants, such as metals that are associated with snowmelt from road surface.

2) Kszos e d. (1990) investigated the toxicity of Chautauqua Lake Bridge, New York, runoff to
young-of-the-year bluegill sunfish (Lepomis macrochirus). Sodium chloride concentrations were
highest in winter (mean 47,200 mg/L NaCl) than in spring (mean 16,780 mg/L NaCl) and autumn
(mean 1,652 mg/L NaCl). Fish exposed to 25% of fal bridge runoff and to 50% concentrations of
spring and fal runoff actualy had a grester survivorship than control fish. Thisimproved survivorship
was related to the beneficia effect of sodium chloride that reduced the incidence of disesse and
bacterid infectionsin the experimenta fish populations. Smilarly, Rantamaki et a. (1992) noted that
the addition of 1,900 mg/L MgChL prevented the transmisson of the crayfish plague fungus,
Aphanomyces astaci, to the freshwater crayfish, Astacus astacus. For the winter bioassay, fish
exposed to 50% winter runoff had lower surviva than the controls. This toxicity was related to
sodium chloride concentrations. However, zinc, copper, and cadmium were present is sufficient
concentrations to have acted additively or synergisticaly with sodium chloride.
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3)

4)

5)

6)

Madtby et d. (1995 a, b) investigated the effects of motorway runoff on freshwater ecosystems in
northern England; road sdt was not measured in this sudy. Stream waters downstream of the
motorway were eevated in polyaromatic hydrocarbons (PAH), zinc, lead, and copper. Copper,
zinc, and PAH concentrations were higher in downstream than upstream sediments. Survivorship of
the amphipod, Gammarus pulex, was dightly reduced when exposed to these contaminated
sediments for 14 days. Toxicity was associated primarily with the PAH fractions. This small stream
(about 0.9 m wide and 0.02 m deep) received runoff water from a 1,500 m length of the M1
motorway.

Rokosh et d. (1997) tested the toxicity of road runoff to zooplankton and rainbow trout.
Stormwater runoff occasionaly was toxic to rainbow trout, more commonly toxic to Daphnia
magna, and most commonly (6 out of 15 samples) toxic to Ceriodaphnia dubia. Snodgrass et 4.
(2000) determined that while toxicity of road sdt runoff was associated with chloride
concentrations, sat concentration done did not dways explain toxicity. Metas associated with the
runoff, such as copper and zinc, gpparently enhanced toxicity.

Marsdek et d. (1999 a b) investigated the toxicity of urban and highway runoff at severd dtesin
southern Ontario. Runoff from multilane divided highway (MLDH) Stes was consderably more
toxic than combined sewer overflows (Marsaek et d. 1999a). In arelated study, Marsaek et al.
(1999b) found that dmost 20% of MLDH samples were severely toxic in comparison to 1% of
dormwater samples. A battery of tests was employed usng Daphnia magna, Microtox (a
bacteria), sub-mitochondrid particles, and the SOS Chromotest for genotoxicity. Winter runoff
from gtes such as the Skyway Bridge in Burlington, Ontario, were considerably more toxic than
summer runoff. Increased winter toxicity was associated with the accumulation of contaminants in
snow, high concentrations of road sdt, and the enhanced mobility of chloride laded runoff
(Marsalek et al. 1999b).

Novotny et d. (1998) examined concentrations of sdts and metas in urban show médt.
Concentrations were elevated dong roadways, with higher concentrations occurring in commercia
versusresidentia arees.

5.12.4 Indirect Toxicity Effects of Road Salts

Road sdts can have indirect effects on aguatic systems. Chloride sdts, for example, tend to be more
soluble than carbonate salts. Chlorides can thus, through various reactions, enhance the mobility of trace
metals in aguatic ecosystems. Road salt, by affecting the dengity of water, can affect mixing process in
lakes. This, in turn, can affect many aspects of the ecologicd functioning of that ecosysem. A few
examples of such sudies are asfollows:

1

Increased sdlt concentrations on the bottom of lakes or streams can lead to the rdease of metals
from sediments. Wang et d. (1991) found that 709 mg/L CI (or 0.02 M) substantially enhanced the
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2)

3)

4)

release of mercury from freshwater sediments. Mercury can be acutely toxic to invertebrate species
and fish in concentrations as low as 0.002 mg/L and 0.02 mg/L, respectively (CCME 1991). Since
mercury accumulates in the tissues of fish, the Canadian Council of Minigters of the Environment
(CCME) has egtablished a criterion of 0.0001 mg/L of tota mercury for the protection of
consumers of fish (CCME 1991). Sodium chloride aso enhances mercury maobilization from soils
(MacLeod et al. 1996).

By competing for particulate binding stes, sodium chloride acts as an enhancer of dissolved and
potentidly bioavailable trace metds such as cadmium, copper and zinc in aguatic ecosystems
(Warren and Zimmerman 1994). Cadmium, copper, and zinc are acutely toxic to agueatic organisms
at concentrations as low as 0.001 mg/L (rainbow trout), 0.0065 mg/L (Daphnia magna) and 0.09
mg/L (rainbow trout), respectively (CCME 1991).

The formation of meromixis can have a number of impacts on lakes. The low oxygen conditions
which develop below the chemocline can result in the loss of al, but the most resilient, deep water
benthic species. Zooplankton may be excluded from their deep water daytime refuges, being forced
to live in the wdl-lit surface layers where they may become more vulnerable to Sze-sdective fish
predation. Hypolimnetic fish species, such aslake trout, may aso be adversdy affected.

The onsat of lake meromixis will affect sediment water exchanges. Phosphorus and various metas
are more readily released from low oxygen than well oxygenated sediments (Wetzd 1983). This
increase in phosphorus release from the sediments may enhance the productivity of the lake,
paticularly if there is sufficient exchange a the chemodine (Smol et d. 1983). Furthermore,
regenerated nitrogen will be dominated by ammonia rather than nitrate.

5.13 Summary of Chloride Salt Toxicity

Generd trends as illustrated by the data collected on lethd toxicity of road sdts and their additives are
asfollows

1)

2)

3)

4)

The tolerance to devated sat concentrations decreases with increasing exposure time. Short-term
exposures to concentrations of sdts in the hypersdine range (>50,000 mg/L sdinity) may kill adult
fish and other organismsrapidly (eg., 15 minutes).

As exposure time increases, sdinity tolerance decreases.

Tolerance to sdinity can be increased through the gradud increase in sdinity alowing the organism
to develop mechanisms for dedling with the osmotic shock and other physiologica stresses.

Aquetic biota are more tolerant of sdts in water at higher oxygen concentrations than lower
concentrations.
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5)

6)

7)

8)

9)

While some studies suggest that organisms are more tolerant to sdinity at lower water temperatures,
other studies have shown the converse.

Zooplankton and benthic invertebrates appear to be relaively more senstive to sodium chloride
concentrations than fish.

Within a given taxonomic category (e.g., benthic invertebrates or fish) there is sgnificant species
vaiation in sainity tolerances.

Potassium chloride tends to be the most toxic salt to agueatic organisms. Magnesum chloride is next
in toxicity followed by cdcium chloride and then sodium chloride for invertebrates and adult fish.
Fish fry may be more tolerant of high concentrations of calcium rather than sodium chloride.

Limited studies have been conducted of the toxicity of road sdts and deicing sdts to aquatic
organigms. In generd, toxicity is within the same genera range of that observed for sodium and
cacium chlorides.

10) Road <dts, by increasing the mobilization of metas, may enhance the toxicity and adverse

environmental impacts of road runoff. Nutrients and organic contaminants may aso be carried with
this runoff, especidly from heavily trafficked highways. This dso can contribute to toxic stress.

Road sdt, by affecting the dengity of water, can create meromictic conditions in lakes. This can creste
new forms of environmenta stress, particularly to deep water communities
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6.0 BIOLOGICAL EFFECTSOF ROAD SALT APPLICATION ON
STREAM, WETLAND, AND LAKE ECOSYSTEMSIN CANADA

6.1 I ntroduction

This section discusses the effects of road sdts on the biologicad components of lakes, streams and
wetlands within the various regions of Canada (i.e., Maritimes, Centra Canada, Prairie Provinces, West
Coast and Rocky Mountains, as well as Northern Canada). It concludes with a broader discussion of
st in the environment.

A very smdl number of sudies were located which investigated the impacts of road sat on aguatic
ecosystemns in Canada. Accordingly, studies conducted in the United States dso are included in this
section of the report. Included among these are studies investigating the impacts of saline seepage on
stream communities. The biologica components affected include dengties of bacteria and dgee, drift of
stream benthic invertebrates, as well as diversity and community structure of aguatic invertebrates.

The mgjority of studies found relating to the effect of road sats were conducted in Centrd Canada (i.e,
Ontario and Quebec) and were based on investigations of the use of road sdts in winter for the deicing
of roads. The reaults of the various studies are summarized in the text provided below, as wdl as, in
Appendix C. This appendix includes a description of the ecological characteristic or species affected,
the location of the effect, the response of the ecosystem to the sdlt loading, the duration of the response,
the basdine or upstream concentration, the vaue of the main loadings into the ecosystem, the new
concentration after loading, and the duration of the new concentration. Rarely were values provided for
the main loadings into the ecosystem. No studies were found regarding the consegquences to aquatic
ecosystems on the gpplication of cacium chloride as a dust suppressant.

6.2 Streams

Severd gudies investigated the impacts of road sat on stream ecosystems. These sudies illustrate the
complex waysin which road sat may affect these ecosystems. Results are as follows:

1) In 1973, Dickman and Gochnauer (1978) conducted a 28-day experiment on the density of
bacteria and adgae in Heyworth Stream, near Heyworth, Quebec. The authors noted that the
National Association of Corroson Engineers had studied the chloride content of 25 separate storm
sewers over athree and a half-year period during which 175 samples were analyzed. Seventy-four
samples (42%) had chloride concentrations in excess of 1,000 mg/L. The experiment was
conducted from July 24 to October 1, 1973. Sodium chloride was added at four locations aong the
gtream in order to maintain chloride concentrations of 1,000 mg/L (1,653 mg/L NaCl). The stream
was described as being shdlow and fast flowing and densdy shaded. Artificid subdtrates (tiles)
were placed in the creek at the experimental site (F) and an upstream control (A) and recovered a
weekly intervals. Sodium chloride concentretions at Site A were 2-3 mg/L. Conclusions were as
follows
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a) Algd divergty was consstently lower at Ste F than Ste A. This decrease in diversity was related
to increased osmotic stress.

b) Autrophic (photosynthetic periphyton or algae) standing crops were significantly lower on tiles
incubated a the experimenta Ste where sodium chloride concentrations were eevated. This
decrease in standing stock aso was related to osmotic stress.

c) Auxospore (aresting stage) formation of the diatom Cocconeis placentula were noted at site F
on day 28, but not gte A. Auxospore formation is often triggered by environmenta siress.

d) Bacteria densty was enhanced by exposure to 1,000 mg/L NaCl. This was believed to be due
to areduction in the grazing pressure on the bacteria population because of the reduced number
of grazers, such asflagellates, ciliates, and rhizopods. Sodium chloride, per se, was not believed
to have stimulated bacterid growth.

€) The incidence of diatom parasitism was lower a Ste F (2%) than a ste A (7%), possibly
because the sodium chloride inhibited funga growth. Other researchers have related reductions
in fungd and disease infections to elevated chloride levels (Rantamaki et d. 1992; Kszos et d.
1990).

Ovedl, these studies suggest that continuous exposure to sodium chloride concentration as low as
1,000 mg/L NaCl (580 mg/L CI) for time periods as short as one week can result in changes in
dream periphyton communities. Furthermore, the periphyton community may not recover from
these dresses, with community composition continuing to remain different from upsiream controls
one month after continued exposure to this stress. This further suggests that pulses of sodium
chloride-laden water during spring melt will have pronounced effects on the periphyton community
as will the continued released of high concentrations of sodium chloride from stream banks during
summer and autumn months. Periphyton form the base of the food web in many creeks, being
grazed upon by invertebrates, which in turned serve as forage for fish. Reduced periphyton dgd
concentrations may have adverse effects a higher trophic levels. Leaf litter is another important
source of food for sream communities. However, invertebrates obtain their nutrition from the
microbid and fungal community rather than the litter itsdf. Reduced funga biomass, as a result of
increased NaCl concentrations may aso impact invertebrate, forage fish, and, ultimately, predatory
fish communities

Dussart (1984) conducted a study of the effects of motorway runoff on the ecology of stream ageae
in various sreams in Cumbria and North Lancashire, England. This study, dong with a companion
invertebrate sudy, was conducted in response to concerns that M6 highway runoff was adversdy
affecting trout stocks. Seven streams were sampled on March 26, 1976 and one stream resampled
on April 5, 1976. Streams were sampled upstream and downstream of the highway. Chloride
concentrations were not reported in this manuscript, but possibly are avallable in other literature
reported in this note. Highlights of the study are as follows.
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a) Totd dgd and filamentous dgae were sgnificantly more abundant downstream than upstream of
the motorway. Species diverdty aso was higher.

b) Thedigtribution patterns of six agal species gppeared to be affected by the motorway, but these
effects were not described.

¢) Although road st was used on the motorway in the weeks preceding the study, Dussart did not
believe that chloride had directly affected the stream adgae community because there was no
evidence of a reduction of diversty and biomass downstream of the motorway. Rather, he
hypothesized that the dgae were responding to nutrient enhancement. Vehicle oils contain
organic phosphates and some of these phosphates may enter streams with runoff, enhancing
agd growth, especidly nutrient-poor streams as in this study.

d) The companion study reported a decrease in macroinvertebrate diversity downstream of the
motorway. This decline in invertebrate species may have resulted in decreased grazing pressure
on the algag, resulting in increased abundance and biomass downstream of the motorway. The
reason for the decreased invertebrate diversty was not discussed, but could be related to
increased benthic drift, loss of species, etc., as described below from other studies.

Crowther and Hynes (1977) experimentaly investigated the effect of chloride concentrations on the
drift of benthic invertebrates in Laurel Creek, located in southern Ontario. This creek is a smdl
(annual discharge = 19 x 10° n) tributary to the Grand River that passes through urban Waterloo.
At that time, Waterloo had a population of 32,000. Therefore, the general results of Crowther and
Hynes study may apply to the creeks flowing through the numerous smal towns in certain regions,
such as southern Ontario, Quebec, and the Maritimes, where road sdt is heavily used. As
previoudy noted (section 5), chloride levels in Laurd Creek vary seasondly with pesk
concentrations as high as 1,770 mg/L CI being observed for a period spanning January 5 to
February 6, 1975. A series of experiments were conducted in Lutteral Creek, a spring fed tributary
with fauna characteristic of a smdl hedthy trout stream, in order to assess the impacts of pulses of
sodium chloride-laden water on benthic drift. Fifteen meters of Lutterd Creek were divided
longitudinaly by sheets of corrugated sted and benthic drift assessed on the control side and
experimenta sSde of the partition. Highlights are as follows:

a) InNovember 1974 and February 1975, there was no difference in benthic drift between control
and experimenta channels when chloride levels were raised to 500 and 750 mg/L Cl,

repectively.

b) In March 1975, chloride levels were gradudly raised to 2,165 mg/L CI. Benthic drift was
observed in both streams (Figure 6-1). Benthic activity, relaive to the control stream, began to
increase between 850 and 1,200 mg/L CI. Maximum drift (ca a factor of 3) rdative to the
control stream was observed when chloride concentrations reached 2,165 mg/L CI. As
chloride levels declined, so did benthic drift. Nevertheless, benthic drift continued to remain high
relative to the control stream.
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¢) The compostion of drift was smilar in control and experimental channels. Drift was comprised
of severd gpecies of Plecoptera (stoneflies), Ephemeroptera (mayflies), Trichoptera
(caddisflies), and Diperta (chironomids). This was unexpected since various laboratory studies
have determined that freshwater invertebrates vary greetly in their salinity tolerances (see section
5 and the additiona references cited by Crowther and Hynes (1977)). The researchers suggest
that the invertebrates inhabiting Laurd Creek were equdly sengtive to devated chloride levels.

Figure6-1.  Chloride concentrations and drift in Lutteral Creek, Ontario (adapted from Crowther
and Hynes 1977).
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Crowther and Hynes (1977) concluded their study by noting that as chloride levels in the stream
approach 1,000 mg/L CI, deleterious effects, as described above, probably will begin to appesar.
During their study, they noted that most of these effects would be expected to occur during winter
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and early spring. However, they warned that as groundwater continued to become contaminated
with chloride sdts, stream flows might be contaminated by chloride-rich groundwater inflows during
summer low flow periods.

Williams et d. (1997) detected sgnificant variations in macroinvertebrate community structure
related to different concentrations of chloride in 20 groundwater-fed springs in southeastern
Ontario. The chloride content of these springs ranged from 8.1-1,149 mg/L CI. Tipulidee and
Ceratopogonidae (two chironomid families) were two taxa associated with springs containing higher
chloride concentrations, whereas taxa such as, Gammarus pseudolimnaeus (an amphipod) and
Turbdlaria (a flaworm), were only found in springs with low chloride concentrations. The higher
chloride concentrations found in some of the springs originated from groundwater that apparently
had been contaminated by road salt.

Demers (1992) investigated the effects of elevated chloride levels on the aquatic macroinvertebrates
inhabiting four streams near the town of Newcomb in the Adirondack region of northern New
York. All four streams were located along a 2-km stretch of state highway 28N. Artificid substrates
were placed in riffle or fast flowing sections of the stream, six upstream and six downstream of the
highway. Flow rates ranged from 0.01-0.22 n¥/sec. Samplers were within 50-100 m of the road
and were left in place between April 22 to June 3, 1988. At the end of the experiment, the samplers
were recovered, the colonizing invertebrates removed and later identified. Chloride concentrations
in the creeks were measured a weekly intervals during the course of the study. Highlights of the
study results are asfollows.

a) The overal mean concentration of chloride in upstream locations was 0.61 mg/L. compared to
5.23 mg/L in downstream areas. Chloride concentrations were as much as 66 times higher in
downstream than upstream samples. The load to the streams and the duration of the new
concentrations were not reported.

b) Benthic diversty was lower in downstream than upstream Stes. Chironomidae comprised an
average of 83% of the individuds in the updream stes versus 90% in downstream sites. In
contrast, Perlodidae (a stonefly family) declined from 4.5 to 2.9% of the population and
Ephemerdlidae (a mayfly family) from 3.9% to <2% downdiream of the highway. No Name
Brook, which ran parale to the highway for 257 m and had the lowest flow rate, was the
stream most strongly affected by highway runoff. It is interesting to note that Kersey (1981, see
below) noted an increase in chironomid and decrease in mayfly and stonefly dominance in the
Humber River between November, when road sdt had not yet been applied, and the following
March, after road salt had been applied to an Ontario road.

Smith and Kagter (1983) investigated the effects of highway runoff on stream benthic invertebrates
in Sugar Creek, Wisconsin (56 km southwest of Milwaukee). Four sites were examined: a control
dte, gte 2 which received a dight amount of runoff from Highway 15, dte 3 which received
intermediate amounts of road runoff, and Site 4 which received the greatest amount of runoff.
Macroinvertebrates were sampled at monthly intervals from June 1980 to June 1981. Twenty-eight
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physica and chemica parameters were monitored a these gations during a snowmelt event in 1980
aswdl asduring two rainfal eventsin March and April 1981. Highlights of the study are as follows.

a)

b)

Peak concentrations of chloride (53 mg/L) and sodium (28 mg/L) were recorded during
snowmelt events in March and April of 1981. No basdine concentrations were reported.
Current speeds averaged (annual) 0.32 n¥/sec at Site 1, 0.23 nv/sec at site 2, 0.50 n/sec at
site 3 and 0.64 n/sec at Site 4.

Differences in mean annua benthic numbers a ste 1 (4,155/f, 10,500 mg/nt) and site 2
(2,611/n?, 5,200 mg/n¥) were related to the ower current velocity and greater siltation at site
1. Site 4 had the grestest abundance and biomass (11,291/n?, 62,200 mg/nt) apparently
because of the higher current velocity and better habitat (i.e., alarger coverage by cobble).

Site 3 had amean annua numerical standing stock and biomass of 4,624/n¥ and 10,500 mg/n',
vaues similar to Site 1. However, pollution sengtive taxa were half as abundant (595/nT) & this
Steasat ste 1 (595/nT). The largest differences were associated with Tricoptera (stonefly) and
Coleoptera (besetle) larvae.

Molles and Gosz (1980) investigated the number and biomass of benthic invertebrates above and at
6 Stes up to 2.2 km downstream of the Rio en Medio, a mountain stream in the Santa Fe, New
Mexico ski area. Water quality parameters were measured weekly while benthic invertebrates were
sampled in May and October 1977. Highlights of this study are asfollows:

a)

b)

d)

Chloride concentrations were low, averaging 0.38 mg/L CI' above the road and 8.61 mg/L CI
200 m below the road, with concentrations declining to 5.63 mg/L CI' 2.2 km below the road.
Higher concentrations downstream of the road were related to road sating. Chloride continued
to be flushed from the soil during summer precipitation events.

Suspended sediment concentrations varied seasondly, reaching up to 160 mg/L CI during
episodic events during spring and summer. Sediments were reedily eroded from the cobbly
loam stream banks. During periods of high suspended sediment load, concentrations tended to
be lower above the road than 200 m below the road.

Ephemeroptera, Coeloptera, Diptera, and Turbellaria occurred in lower numbers and biomass
below the ski area than above, while Tricoptera and Nematoda occurred in higher numbers and
biomass. Plecoptera and Oligochaeta occurred in smilar numbers.

Decreases in invertebrate abundance and biomass dong the stream length were related to
suspended sediments rather than road salt impacts.

This study, like Smith and Kaster (1983), showed that many factors can affect differences in the
invertebrates and other organisms aong stream lengths. Naturd factors, such as stream flow rate,
subgtrate composition, and suspended sediments dl have pronounced effects on stream
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communities. In contrast, chloride effects may be relatively smdl and, without a carefully designed
experiment, difficult to quantify.

Maltby et d. (19959) investigated the effects of motorway runoff on water quality, sediment quality,
and the biota of three smdl sreams in the M1 highway drainage basin in northern England. Studies
were conducted over a 12-month period. Highlights are as follows:

a)

b)

d)

Median chloride vaues upstream of Pigeon Bridge Brook were 65.1 mg/L CI versus 229.1
mg/L CI' downgtream. Butterthwaite Ditch (86.2 mg/L CI and 86.4 mg/L CI respectively) and
Rockley Dike (105.7 mg/L CI and 112.1 mg/L CI, respectively) showed smdler differencesin
upstream and downstream chloride concentrations.

Cadcium, magnesum, and copper occurred in Satigticaly higher concentrations downstream
than upstream of Pigeon Brook Bridge. Cacium occurred in higher concentrations and iron
concentration were lower downstream from Butterthwaite Ditch. Zinc concentrations were
sgnificantly lower downstream than upstream of Rockley Dike.

There was no evidence of differences in macroinvertebrate assemblages upstream and
downgtream of Butterthwaite Ditch and Rockley Dike. However, macroinvertebrates were
reduced in abundance downstream of Pigeon Brook Bridge. Pollution-sengtive taxa
(Plecoptera, Amphipoda, Trichoptera, and (Mollusca) declined in relative abundance while
chironomid larvae and tubificid worms (Oligocheeta) became rdativedly more abundant.
Moreover, there was a change in functiond feeding groups (i.e, decrease in the reaive
abundance of scrapers and shredders and an increased abundance of collectors).

Fungd assemblages exhibited smal differencesin diversity and composition between study Stes.
Diversty was higher downstream (8.52) than upstream (3.81) of Pigeon Bridge Brook.
However, there were no differences in epilithitic dga assemblages. Ledf litter processng was
lower downstream than upstream of Pigeon Bridge Brook, possibly because motorway runoff
inhibited macroinvertebrate-meditated leaf decomposition at this Ste.

Downstream impacts a Pigeon Bridge Brook were related to higher polynuclear arométic
hydrocarbon concentrations at this dte, in particular, naphthdene, fluoranthene, and pyrene.
Zinc, cadmium, chromium, and lead also were eevated at this Ste. Sediment size was not an
important factor.

The possible impacts of road salt were not investigated during this sudy. Since water samples
were collected at three-month intervals between October 1990 and July 1991 (i.e, once in
October, January, April, and Jduly), the marked difference in median upstream and downstream
chloride concentration at Pigeon Bridge Brook is suggestive of episoidic and massve chloride
loading events.
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6.3 Rivers
Only one study was found explicitly investigating the impact of road sdt on rivers. Results are as follows:

Kersey (1981) invedtigated the impact of deicing road sdts on benthic invertebrates inhabiting the
Humber River, Ontario. Invertebrate community structure was investigated at three stes (Cedar Mills,
sde road; Cedar Mills, Highway 50; and Albion Hills) in June and November 1979, but only at Cedar
Mills, Sde Road, in March 1980. Samples were collected downstream of bridges in shallow, fast-
flowing water. Chloride concentrations were measured in February and March 1980. Sdlt toxicity tests
were performed on three pecies of caddisflies. Highlights of this study are asfollows.

1) Chloride concentrations at Cedar Mills were 23.1 mg/L CI' upstream of the side road and 34.8
mg/L CI' downstream of the side road on February 21, 1980. On March 23, 1980, chloride
concentrations upstream of the side road were 17.0 mg/L CI' versus 17.8 mg/L CI' downstream.
Smilarly, smd| differences in chloride levels upstream and downstream of Highway 50 and Albion
Hills were noted. Low chloride concentrations were, in part, related to atypicaly low use of road
sdt and the fact that magjor snowmelt events were missed.

2) There were no obvious differences in benthic diversity between the three sudy sites in June and
November. At Cedar Mills, side road, there were only small changes in species diversity between
November 1979 and March 23, 1980. If the comparisons are based only on insect taxa,
chironomids increased in percent composition (70.6% to 81.0%) while Tricoptera (25.5% to
15.8%) and Ephemeroptera (3.6% to 1.4%) decreased in percent composition between the two
time periods. These differences were rdated to sample variability and to increased turbidity in
March which reduced the ability to select suitable microhabitats for sampling.

3) Laboratory studies suggest that the larvae of the caddisflies, Hydropsyche bronta, Hydropsyche
betteni, and Hydr opsyche dossonae, can withstand exposure to 800 mg/L CI for ten days without
incurring sgnificant mortality.

6.4 Wetlands

No studies were found on the effect of road sdts on Canadian wetlands. Only one study was found
investigating the effects of sodium chloride contamination by a road sdt storage pile in a United States
wetlands. This was the study conducted at Pinbook Bog, LaPorte County in Indiana (Wilcox 1982).
This was a protected wetland which was included in the Indian Dunes National Lakeshore in 1966.
However, in 1963, an uncovered sodium chloride storage depot was established overlooking the bog
for use on the Indiana Toll Road 1-80/90 (Wilcox 1982). Sdlt-laden runoff from the storage pile runoff
resulted in mgor dterations in the bog vegetation within a2 ha area, as did runoff from the highway. The
salt pile was covered in 1972 and, after winter 1980-1981, road sdt ceased to be stored at this Site.
Highlights of the study, which began in 1979 and continued until 1983, are asfollows:
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The totd chloride inputs to the bog over the ten-year period when the sdt dtorage pile was
uncovered (1963-1972) were estimated as follows: 2.3 million kg from the st pile, 0.4 million kg
from road sdting, and 0.012 million kg from direct precipitation.

Sodium concentrations as high as 468 mg/L and chloride concentrations as high as 1,215 mg/L
were recorded in interdtitia waters of the bog mat in areas of the strongest road salt impact (Wilcox
1982, 1984). These readings were made in 1979. High sodium and chloride concentrations may
have occurred in earlier years.

Native species, such as Sphagnum spp. (bog moss) and Larix laricina (tamarack), were absent
from the impacted aress of the bog and sdt tolerant species, such as Typha angustifolia (cattail),
invaded the bog. Salinity tolerances of various plant species were defined (Table 6-1 and Wilcox
1986) and many taxa were shown to be senstive to sodium chloride concentrations as low as 280
400 mg/L CI.

Chloride concentrations at control sites in 1980 and 1981 were 56 mg/L. This compares to a
maximum single daily reading for sdt-impacted locations of 1,468 mg/L CI in 1979, 982 mg/L CI
in 1980 and 570 mg/L CL" in 1981. The maximum chloride concentration in 1983 was 610 mg/L.

As salt concentrations decreased some 50% over 1980-1983, many endemic bog plants, including

Sphagnum recolonized the bog (Wilcox 1986). Sphagnum began growing on low hummocks in
areas Where interdtitia chloride concentrations had dropped approximately 300 mg/L.
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Table6-1. Sodium chloride tolerance, mean cover, and frequency (in parentheses) of sdected
plant species in the salt-impacted mat zone of Pinhook Bog, Indiana. A= occasond, B
= frequent. Source: Wilcox (1986).

Scientific Name Common Name NaCl 1980 | 1981 | 1982 | 1983
Toleranc
e(mglL)

Bidens connata purple-stemmed 1030 [A(22 [<1(33)| <1 <1

tickseed (33) (22)
Pyrus floribunda purple chokeberry 1,070 | B (78) | 10(78) 13 | 15(89)

(78)
Hypericum marsh . John’swort 1070 | A(44) | 1(67) | 1(56) | 1(56)
virginicum
Sphagnum bog moss 770 A(22) | 4(67) | 5(67) | 5(89)
Solidago grass-leaved goldenrod 760 A4 | 3(56) | 3(56) | 1(56)
graminifolia
Vaccinium highbush blueberry 580 A (1) | 5(56) 10 | 12 (56)
corymbosum (56)
Vaccinium black highbush 400 - - 1(44) | 1(49)
atrocuccum blueberry
Droseraintermedia | oblong leafed sundew 360 A@B3 | 2(44) | 5(44) | 5(49)
Nemopanthus mountain holly 280 A1l [<1(22)| <1 <1
mucronata (22) (22
Larix larcina tamarack 280 A(22) | 3(33) | 3(33) | 4(33)
6.5 Lakes

Only five sudies were found which investigated the impact of road sdt on the biological communities of
lakes, the impacts of road sat on meromixis formation have been discussed earlier. Two recent studies
have investigated paeolimnologica changes in aga populaions with changing pH and increasing
phosphorus concentrations and chloride concentrations. Results of the lake studies are as follows:

1) Benthic invertebrate diversty decreased with the anoxic bottom conditions which developed in
Lake Wabekayne, a sorm-water impoundment in Missssauga, Ontario (Free and Mulamoottil
1983). Chloride concentrations were elevated from approximately February to April (eg., 282
mg/L CI' in February, 1979), particularly on the bottom of the lake. Concentrations in August 1979
were much lower a 50 mg/L CI.

2) Tuchman et d. (1984), used core samples from lake sediments, to investigate the historic salinization
of Fonda Lake, Michigan. A sdt storage facility has been located adjacent to Fonda Lake since
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1953. A reduction in algd species diversity began in 1960; this reduction was thought to be related
to increased sdinity resulting from the dow leaching of sdts from the storage facility. Diatom
diversty reached a minimum in 1968, when a variety of sdt-tolerant (or haophilic) taxa (eg.,
Diatoma tenue, Navigula gregaria and Synedra fasciculata) ataned their highest reative
abundance. In later years, diversty increased dightly and some haophilic taxa decreased in reldive
abundance, suggesting a decrease in sdt loading to the lake. A possible reason for the reduction in
st loading may have been the congtruction of an asphat pad for the sat storage facility in the early
1970s. Aside from the changes in chloride concentration in Fonda Lake, the results of this sudy
adso indicate that subdominant diatom species may be more sendtive to sdinity changes than
dominant, euryhaine taxa. Unfortunatdly, lake sdinity was not determined as part of this sudly.

Zecb and Smol (1991) continued this study, investigating scded chrysophytes. Mallamonas
caudata, achloride indifferent taxon, dominated at al depths in the core. Mallamonas elongata, a
widdy digtributed taxon found more commonly in eutrophic and akadine waters, and Mallamonas
pseudocoronta, a chloride intolerant taxon, declined during the period when chloride
concentrations gpparently were highest. Mallamonas tonsurrata, which has a world wide
distribution and occurs mainly in eutrophic lakes, became more abundant during this period. Overdl,
the response of the chrysophyte community was similar to that observed by Tuchman et d. (1984)
using diatoms. It is worthwhile to note that mgor shifts in diatom and chrysophyte assemblages
were asociated with rdatively smal changes in sdinity (i.e,, from ca. 12-235 mg/L CI and ca. 20-
387 mg/L NaCl).

Smol e d. (1983) investigated the impact of culturd disturbances on Round Lake, a smdl
meromictic lake in centra Ontario. Prior to European settlement, the lake was oligotrophic and
dominated by the diatom, Cyclotella spp., and the chrysophyte, Mallamonas pseudocoronata.
With land clearing and settlement, the lake became more productive with the diatom, Synedra spp.,
and the chrysophyte, Mallamonas tonsurata, becoming more dominant. The lake then became
eutrophic with the diatom, Stephanodiscus hantzschii, dominating and Syndera spp. being
reduced to trace levels. Increased productivity was related to urbanization, including nutrient inputs
from septic tanks. This eutrophic period was followed by a return to oligomesotrophic conditions
indicated by the recurrence of Cyclotella and Mallamonas, most notably M. fastigata. This was,
in turn, related to meromictic conditions that apparently had developed in the lake as aresult of road
runoff and seepage from a st storage shed. SdAt concentrations in the monimolimnion were 58.4
mg/L Na and 103.7 mg/L CI. Stratification, by preventing spring and autumn overturn of the water
column, prevented the vertical exchange of nutrients regenerated at the sediment-water interface
with the upper, well-lit layer of the water column where most dga growth would have occurred. As
with the study on Fonda Lake, it is worthwhile to note that mgor shifts in algd assemblages and
productivity were associated with rdaively smal changesin sdinity.

Bridgeman et d. (2000) investigated recent changes in the limnology of Third Sister Lake, Michigan,
as areault of increased chloride loadings. This increased loading was associated with residentia and
commercia growth in the lake watershed. Chloride concentrations increased from 19 mg/L in 1981
to 260 mg/L in 1988 and bottom waters became anoxic because of reduced spring mixing. This
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reduced mixing and concurrent nutrient exchanges may have affected a reduction in primary
productivity rates. More striking was the sharp decrease in benthic species diversity from at least 12
species in 1927 to 4-5 species in 1999 and average densties from 167,000/nt to 15,144/nt.
Moreover, the region of densest benthic population abundance shifted from deep waters (16-18 m)
to shalower depths.

Dixit et d. (1999) investigated long-term water qudity changes in 257 lakes in northeastern United
States usng a paeolimnological gpproach. This approach was based on earlier work which
asessed long-term changes in lake acidity (Dixit et d. 1992). Using current diatom assemblagesin
the 257 lakes, these researchers were able to estimate the total phosphorus, chloride, and pH
optima for awide variety of diatom species. They then used this information to infer changesin the
water quaity of the study lakes base on changes in the sedimentary diatom record. Marked
deterioration was reported in the water qudity in these lakes over the past 150 years. The nature of
the change varied with the ecoregion. Chloride and phosphorus concentrations have increased, with
the greatest increases in lakes that now have the higher chloride and phosphorus concentrations.
Diatom communities displayed difference responses to increased chloride concentrations than to
increased phosphorus concentrations. The greatest changes have been in the proportion of lakes
with chloride concentrations of 100-200 uequiv./L (3.6-7.1 mg/L) with a smdler increase in the
proportion of lakes with chloride concentrations of >200 uequiv./L (>7.1 mg/L). Sodium and
chloride concentrations were highly correlated in these lakes, suggesting that increased chloride
concentrations were associated with road sdting. However, it was aso recognized that agriculture,
dlviculture, and urbanization can affect increases in chloride concentration. While these increases
were modest, they were sufficient to affect agal community compostion. In an ongoing study, Dr.
Peter Dillon with the Ontario Ministry of the Environment (e-mail to M. Evans dated December 12,
2000) has noted that 20-25% of lakes in the Muskoka region of Ontario have eevated sodium and
chloride concentrations. These increased sodium and chloride levels appear to be related to road
sdt. Other counties have shown fewer affected lakes.

In a more recent sudy, Dixit et d. (2000) investigated water qudity changes in three lakes in
northeastern United States. Increased chloride concentrations were related to road sdt use athough
other watershed disturbances were recognised as aso having some potentid importance. Chloride
concentrations ranged from 6.9 — 27.4 mg/L with the highest concentration in the lake with the
urban development.

General Conclusons

Few studies have been conducted investigating the impacts of road sdts on aguatic ecosystems in
Canada. The studies that have been conducted indicate that high concentrations of salt (ca. 1,000 gm/L
NaCl) can affect dgd and bacteria dendties, macrophyte and benthic compostion. At lower
concentrations (ca. 250 mg/L), increased chloride concentrations can cause small lakes to become
meromictic with pronounced effects on benthic populations, dga standing stocks and compostion, and
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primary production levels. Moreover, even very smdl increases in chloride concentration (2- 10 mg/L)
can affect changesin phytoplankton community structure in low sdinity lakes.

The literature review was broadened to the sdine literature on lakes and rivers in order to determine
whether additiond indghts could be found on the potentiad impacts of road sdt on aguatic ecosystems.
As previoudy noted, there are many naturdly sdine ecosystems in various arid regions of the world. In
many such aress, rivers are becoming more saine as aresult of water diversons. Natura saline seepage
may occur in certain bedrock or are associated with various hydrocarbon operations. Findly, there is
emerging literature that describes invedtigations of the variadles affecting standing stocks and
composition of organisms across a variety of geologica and other settings. This literature was examined
to determine whether or not chloride or conductivity was a Sgnificant environmentd variable and
whether the authors identified road salt as an important anthropogenic impact. This review is brief but
should form the basis for amore in depth review for interested parties.

6.7  Species Diverdity asa Function of Salinity

Studies conducted in fresh and sdt waters have shown a gradud |oss in the number of fresh water taxa
as inity increases (Figure 6-2 and Table 6-2). Smilarly, there is a decrease in the number of marine
species as salinity decreases (Wetzel 1983). For freshwater species, the greatest decrease in species
numbers appears to occur between ca. 2 and 6 g/L. Similarly, sdine lakes generdly contain a lower
number of species compared to fresh water lakes (Wetzd 1983; Goldman and Horne 1983). In
generd, as sdinity increases, the number of species decreases. Blue-green agae and a few zooplankton
species (e.g., Artemia spp. or brine shrimp) are often found in sdine waters (Goldman and Horne
1983). Fish, however, are typicdly absent from meso- and hypersdine lakes due to osmotic stress.
Even though the number of gpecies may be lower in sdine lakes, productivity of these lakes is often
comparable to or may even exceed that of freshwater lakes (Wetzd 1983; Goldman and Horne 1983).

119



Figure 6-2:

Table 6-2:

Species diversity across a sdinity and chloride gradient (adapted from Wetzel 1983).
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Numbers of Anima Species Recorded Within Various Sdinity Ranges for the Sdine
Lakesin Victorig, Audtrdia. Source: Williams 1978 (in Goldman and Horne 1983)

Salinitv (ma/l) Number of Species
1.000 - 10.000 71
10.000 - 100.000 36
100.000 - 200.000 8
200.000 - 300.000 1
> 300.000 0




A brief review of the sdine lake literature was conducted in an effort to find more detailed information
on the loss of species with increasing sdinity, particularly in the 250-5,000 mg/L NaCl range. This
generdly did not provide the detailed data desired. Highlights of these “low-sdinity” studies are as
follows

1

2)

3)

4)

5)

6)

Cumming and Smol (1993) invedtigated diatom assemblages in a wide variety of sdine lakes in
British Columbia. Sdlinity optima were caculated for various diatom taxa and they noted that the
mgority had sdinity optima of <3,000 mg/L. Species diversty was weskly, but sgnificantly
corrdlated with sdlinity. Fritz et d. (1993) dso caculated sdinity optima for various diatom species
in the northern Great Plains lakes with smilar results. Both publications provide data on sdinity
ranges and optima for a number of diatom species.

Blinn et d. (1981) investigated the seasona dynamics of phytoplankton &t three locations along the
Chevelon Creek system in Arizona. Chloride concentrations a site 1 were 88 mg/L at baseflow
compared to 900-1,100 mg/L CI a dte 3, located 10.8 km downstream of ste 1 and 3.5 km
downstream of site 2 (chloride concentration at Site 2 was not given). The elevated chloride at Site 3
was due to numerous seeps and springs from the canyon wall. There were marked differences in
phytoplankton between the three sites with species associated with particular sdinities.

Short et d. (1991) investigated benthic invertebrates in a Kentucky stream subject to chloride
seepage from nearby oil field operations. Ephemeropterans were the group least tolerant of devated
sodium chloride levels and were absent in regions where sdinity exceeded 2,000 mg/L CI. This
absence was related to direct sdt toxicity. Fish appeared to be more tolerant of these elevated
dinities.

Colburn (1988) noted that species diversty in sdine lakes in Death Valey decreased with
increasng sdinity, but indicated that salinity aone could not account for these observations. Some
taxa had broader digtributions than predicted based on experimental studies testing sdinity and
temperature tolerances. These broader distributions were related to decreased competition and
predation that occurred at the high sdinities. Amphibians, Ephemeroptera, amphipods, and
cladocerans were generally absent at sdinities of 10,000-20,000 mg/L. Odonata and Tricoptera
aso were absent at the higher sdlinities.

Gda e d. (1988) invedtigated the sdlinity tolerances of three benthic invertebrates from Pyramid
Lake, Nevada Multiple generation toxicity tests usng mesocosms indicated a much higher
sengtivity to devated sdts than smple short-term bioassays. Shifts in feeding habits and reduced
predation as a result of the loss of predatory fish species were mgor factors affecting these
responses. Melack (1988) aso found complex trophic responses to sdinity stresses in a shallow,
equatoria lakein Kenya, Africa

Hat et d. (1990) investigated the implications of increased sdinification of Audrdias agutic

ecosystems. They concluded that adverse effects are most likely to begin occurring around 1,000
mg/L sdinity for macrophytes, dgae, and macroinvertebrates. They adso suggested that the
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microbia community would not be directly affected because of their rgpid generation times and
ability to adapt.

7) Williams (1987) suggested that the increased sdinification of irrigation waters would begin to have
adverse impacts on the crop yied of sengtive crops at 500-1900 mg/L and many crops at 1000-
2000 mg/L. He dso reported that, in Sunday River, South Africa, sdt intolerant diatoms began to
be replaced by more tolerant speciesin sdinity ranges of 500-2000 mg/L.

8) Metlzeling (1993) reported little change in macroinvertebrate structure in Audtrdian systems of
differing dinities in the 51-1,100 mg/L range, dthough changes became evident a higher sdinities.
Additiond detailed discussons of the effects of devated sdinities in Audrdian aguatic ecosysems
can befound in Williams et d. (1990 and 1991).

9) Ldand and Fend (1998) invedtigated benthic digributions in the San Joaquin River Valey,
Cdifornia. Totd dissolved solids concentrations ranged from 55-1,700 mg/L; distinct assemblages
were observed a the high and low sdinities. Ephemeroptera rarely occurred at sdinities above
1,000 mg/L.

10) Rowe and Dunson (1993) conducted a study investigating breeding effort and various abiotic
characterigtics of 35 temporary wetlands in central Pennsylvania. The number of egg masses of the
spotted salamander, Ambystoma maculatum, was negatively correlated with higher concentrations
of total cations (Na', K*, Mg?*, Ca?*) and positively correlated with pH and pond volume. These
wetlands were not affected by road sdt. Sodium concentrations ranged from 0.34-0.82 mg/L and
pH from 4.2-6.2.

6.8  Conductivity and Freshwater Lakes

A number of studies have shown that conductivity (or total dissolved solids) can be a good predictor of
fish (Ryder et a. 1974; Matuszek 1978; Hanson and Leggett 1982) and possbly phytoplankton
(Oglesby 1977) biomass. In Great Slave Lake, Rawson (1953, 1956) related higher standing stocks of
plankton and benthos in Christie Bay than McLeod Bay to the greater minerd concentrations in the
waters of the former bay. Minera content also gppeared to be important in affecting regiond differences
in plankton, benthos, and fish standing stocks in lakes in northern Saskatchewan (Rawson 1960). In
generd, these regresson-based studies determined that biomass increases with conductivity, athough
the causd mechanism was not determined. While dl these systems were carbonate-dominated, it is
unlikely that carbonates per se affected productivity. It is more probable that that conductivity integrates
condderations of nutrient concentration, depth, and lake size or depth. More recent studies have shed
some light on these issues.

Chow-Fraser (1991) determined that tota nitrogen and phosphorus concentrations in a series of 161
Canadian lakes were strongly correlated with total dissolved solids (TDS) concentrations. In addition,
the morphoedaphic index (MEI), based on dividing TDS by mean lake depth, explained 85% of the



variation in TN and TP concentrations and 50% of the variation in chlorophyll a However, the MEI
explained none of the variation in zooplankton biomass. Similarly, Downing et a. (1990) determined
that fish production was more strongly corrdated with annua phytoplankton production, mean tota
phosphorus concentration, and fish standing stock than to the MEI.

More recent limnologica studies have begun to investigate community structure in a wide variety of
lakes and as a function of a number of limnologicd variables, such as conductivity, nutrient
concentrations, and mgjor ions. This literature was briefly examined to determine whether additiona
information could be found on the responses of aguatic organisms to smdl gradients in sdinity. Since
these studies were conducted in fresh water lakes, conductivity was determined primarily by calcium
carbonates. The following are noted:

1) Mose e d. (1998) investigated the physica and chemicd limnology of 35 lakes in Wood Buffalo
Nationa Park, Alberta. This study illustrated the relationship between conductivity, mgor ions,
nutrient concentrations, chlorophyll, and other limnologica measures in a series of pristine lakes
located on and off the Canadian Shield. Shield lakes had lower conductivity and dissolved nutrient
concentrations than lakes located on limestone and gypsum. Productivity and dga standing stocks
adso were lower in Shidd lakes. However, phosphorus and nitrogen concentrations were not
directly rdated to geology athough conductivity and mgor ion concentrations were strongly related
to geologica factors.

2) Chedat et d. (1999) investigated periphyton biomass and community compostion in 13 rivers in
southern Ontario that differed in their nutrient concentrations and conductivity. Biomass was strongly
corrlated with total phosphorus (r* = 0.56) and even more strongly correlated with conductivity (r?
= 0.71). They suggested that the predominance of Cladophora a high conductivity Stes was
related to the higher calcium concentrations at this site. Conductivity ranged from 65-190 pS/cm.
Maor differences in species composition were observed between low and high conductivity Sites.

3) Rott et d. (1998) investigated periphyton assemblages in the Grand River, Ontario. Chloride
concentrations ranged from 7.7-85.0 mg/L and conductivity from 180-540 uS/cm. Canonica
correspondence analyss showed that the largest portion of variability in species composition in the
river over the study period could be explained by a seasond gradient related to temperature and
latitudind gradients of nitrite-nitrate, conductivity, and chloride. Phosphorus, ammonia, pH,
turbidity, and oxygen were of lesser importance.

4) Stemberger and Lazorchak (1994) investigated zooplankton assemblage responses to disturbance
gradients in 19 New England lakes. Lakes were classfied as warm water and cold water lakes.
Chloride concentrations varied over a rdatively smal range, from 0.3-60.5 mg/L (8-1,707 peg/L).
Chloride was not used as a variable in the multivariate analyses, but the percentage of disturbed lake
shordline was used in these andyses. This variable, dong with tota phosphorus, chlorophyll
concentration, and variables reated to fish pecies were important is explaining the variation in
zooplankton species assembl ages.



5) Asprevioudy noted, Dixit et d. (1999) assessed changes in water qudity in the northeastern United
States using diatoms that had become deposited in lake sediments as indicators of change. The
composition of diatoms in the surface sediments was related to current water quality parameters
including pH, chloride, and total phosphorus (TP) concentrations. Optima were developed for 235
of the common species (Table 6-3). It is gpparent from this study that even smadl changes in
chloride concentration may affect subtle changes in dga community structure. This must occur for
other organisms such as other dga groups, plants, benthic invertebrates, and zooplankton.

Table 6-3: The pH, tota phosphorus and chloride optima for sdected distom species in the
northeastern United States. Source: Dixit et d. (1999).

Taxon pH TP (ug/L) CI' (mg/L)
Achnanthes altaica 6.8 7 0.7
Achnanthes clevei 8.1 7 8.7
Amphora ovalis 8.0 22 4.2
Amphora perpusilla 8.3 25 21.0
Cyclotella meneghiniana 8.3 66 39.5
Cymbella cesatii 7.8 10 0.7
Fragilaria crotonensis 8.0 14 6.9
Navicula bremensis 6.2 7 0.5
Nitzschia linearis 74 8 0.8
Sephanodiscus niagrae 8.1 16 10.5
Synedra ulna 7.9 15 4.5
Tabellaria fenestrata 7.5 13 1.8
Tabellaria quadriseptata 55 11 1.1

It is difficult to draw conclusons from mogt of these studies because they are too few in numbersto be
comprehensve and because they were not designed to investigate the implications of road sdt in the
environment. Neverthdess, the limited data suggests that smal increases in chloride concentration can
result in subtle changes in community composition and biomass. Whether these increases are directly
due to sodium and/or chloride or are Smply a surrogate measure for increased nutrient loading from
land disturbance could not be determined in this literature review. However, the recent research of Dixit
et d. (1999 is highly suggedtive that road sat has a mgor role in changes in diatom assemblages in
northeastern United States. This, combined with other studies, such as Crowther and Hynes (1977),
Dickman and Gochnauer (1978), Smol (1983) Wilcox (1986) and Zeeb and Smol (1991), suggest that
increases in chloride from preindudtria basdine levels of 10 mg/L or less to concentrations of 200-
1,000 mg/L will have measurable impacts on aquatic ecosystems.
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Findly, it isimportant to note that road salt contains various impurities including phosphorus (26 mg/kg)
and nitrogen (7-4,200 mg/kg) (Michigan Department of Transportation 1993). Thus, a 1,000 mg/L
increase in sodium chloride concentration (or 606 mg/L chloride) could result in a 26 ug/L increase in
phosphorus concentration and 7-4,200 ug/L in nitrogen concentration. A 250 mg/L increase in chloride
concentration could result in a 10.7 ug/L increase in phosphorus concentration and 2.9 — 1,731 ug/L in
nitrogen concentration. These increases would be sufficient to cause an oligotrophic aquatic ecosystem
to become mesotrophic or even eutrophic (Wetzel 1983).
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7.0 RISK CHARACTERIZATION
7.1 Introduction

The objective of this chapter isto determine the likelihood and magnitude of adverse effects occurring in
aguatic ecosystems as a direct result of runoff from road st gpplications and from st storage depots.
This gpproach is based on the preceding literature on the impacts of road sdt on chloride levels in the
environment, laboratory studies assessing toxicity to chloride sdts, and fidd dudies investigating
ecological impacts as a result of road sat applications. This chapter concerns itsef only with toxicity
resulting from chloride in road sdt. Additives such as ferric cyanide compounds are dedt with by Letts
(2000 &, b). The approach for assessing toxicity follows that developed for priority substances under
CEPA (Environment Canada 1997¢). In essence, it istiered gpproach, involving three levels or tiers.

7.2 Tier 1 Assessment

A Tier 1 assessment is based on a hyperconservative gpproach for assessing CEPA toxicity for awide
range of trophic levels and toxicity responses. Mortdity is one such response. Other potentialy useful
responses are growth, reproduction, fecundity, longevity, diveraty, productivity, community structure,
and diversity. Modifying factors such as temperature, water hardness, etc., need to be considered in
these assessments. Wherever possible, assessments are based on data pertaining to Canadian species
and conditions.

Body burden, while a useful endpoint for some studies, is not suitable for road st assessments.
Chlorides, unlike lipophilic organic contaminants such as PCBs and DDT, ae not strongly
bioaccumulated and biomagnified by organisms.

Tier 1 assessments adso require esimates of the maximum concentration of the chemicd in the
environment as a result of the anthropogenic release of that compound. Tier 1 is a hyperconservative
edimate of risk or CEPA toxicity. It involves caculaing a quotient for each assessment endpoint by
dividing asngle EEV by an ENEV where

EEV = edimated exposure vaue

ENEV = esimated no effects value.

For Tier 1, the EEV is the maximum measured concentration in the Canadian Environment. The ENEV
is estimated by dividing a Criticd Toxicity Vaue (CTV) by an Application Factor (AF). Recommended
AF's are provided in Table 7-1 of the CEPA Guidance Manud Verson 1.0 (Environment Canada
1997c) and are described below. If the resulting quotient is >1, the substance is viewed as being
potentially CEPA “toxic” and the risk characterization proceeds to Tier 2. If the quotients are <1,
adverse effects are viewed as being unlikely and the substance is not considered to be CEPA “toxic”.
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7.2.1 Critical Toxicity Values and Application Factors

The CEPA Guidance Manua Verson 1.0 (Environment Canada 1997¢) recommends that, under idedl
gtuations, toxicity vaues are derived from low-toxicity, chronic tests. That is, from tests which extend
over the full life cycle or a mgor portion of the organiam’s life cycle rather than acute tests in which
exposure is only for a short duration of the organism’s life cycle. For bacteria, test duration could be as
short as one day; for zooplankton test duration could be as short as three or four weeks. Benthic
organisms can live for one year or more, amphibians and forage fish such as minnows for a few years,
while larger fish can live for twenty or more years. The Guidance Manud aso recommends that toxicity
tests should involve five or more trestments, specify a saistical mode, and estimate parameters through
regresson andyss. Examples of test endpoints are:

LCys = lethal concentrations

EC s = effective concentrations, but not lethd (e.g., immobilization)

IC2s = inhibiting concentration (e.g., reduced biomass)
A maximum AF of 10 is recommended when such LCys, ECys or ICys tests are available and where the
base data st is large containing a number of taxa (e.g., fish, daphnid, and dgd species). A maximum
AF of 100 is recommended for data sets based on the lowest acute LCsy or ECs, from a database
comprising taxa such asfish, dgphnids, and agae pecies. A maximum AF of 1,000 is to be used for the
lowest acute L Cs, or ECs, from a data set of only one or two species.
If LCus, LCso, ECy5, and ECs, data is not available, a less preferred gpproach for estimating toxicity is
the LOEL (lowest observed effects level) or NOEL (no observed effects level), but such an approach
has saverd shortcomings including:

1) NOELs and LOELSs are test concentrations that do not correspond to specified effects levels from
one test to the next;

2) Poor experimenta design could mistakenly indicate that a subgtance islesstoxic than it redly is;

3) Mo information from the toxicity testing is not used.

7.2.2 Approach to Toxicity Data

Tier 1 evaduations in this report are based on laboratory studies. While a number of field studies were
located which demondtrated that diversity, standing stocks, behaviour, and survivorship were impacted
by sdinity, these sudies were not as quantitative as laboratory investigations of toxicity. Therefore, only
laboratory datais used in the Tier 1 assessments. Assessments are performed for al mgor components
of aguatic communities (e.g., phytoplankton, zooplankton, benthos, amphibians, and fish) for which
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appropriate toxicity data was located. For example, no studies were found testing the tolerances of
protozoans, reptiles, and birds to sodium, potassum, magnesium, or calcium chloride.

7.2.3 Maximum Estimated Concentration Relevant to the Canadian Environment (EEV)

In this literature review, the highest reported sodium chloride concentrations in the aquatic environment
were associated with highway runoff, road sat-contaminated snow, and with contaminated waters near
sdt storage depots. These studies provide for the range of estimates of the maximum estimated chloride
concentration relevant to the Canadian Environment.

In Maine, chloride concentrations in surface waters of four wetlands located within 30 m of st storage
depots reached concentrations of 13,500 mg/L: concentrations remained eevated throughout the
March-October sampling period (Ohno 1990). Evaporation may have played a mgor role in these
elevated chloride concentrations. Arp (2001) reported that chloride concentrations in seepage from a
New Brunswick salt depot reached 10,000 mg/L.

In Ontario, chloride concentrations as high as 19,135 mg/L have been reported in highway runoff from
the Skyway Bridge (Table 4.5; Mayer et d 1998); concentrations of 10,200 mg/L and 10,960 mg/L
have also been observed at this bridge. Delide and André (1995) reported that chloride in snow carried
by Montred trucks occurred in an average concentration of 3,851 mg/L with a maximum reported
concentration of 10,000 mg/L. Mayer et d. (1999) reported chloride concentrations as high as 89,000
mg/L in meltwater from some city Streets.

For the purposes of Tier 1 assessments, an EEV of 10,000 mg/L CI is used to represent estimated
maximum chloride concentrations in snowmet draining from highways into smal water bodies, such as
ditches and creeks. Such a concentration also gpproximates that observed near road sat storage
depots.

7.2.4 SaAltsOther Than Sodium Chloride

Toxicity data was dso located for cacium, magnesum, and potassum chloride sdts. Tier 1 Risk
Quotients (i.e., EEV/ENEV) are cdculated for these sdts dthough they are not commonly used for
road deicing. Cacium chloride is, however, used as a dust suppressant and is occasiondly mixed with
sodium chloride. As previoudy noted, laboratory studies suggest that potassum chloride in the most
toxic of the four sdts consdered, followed by magnesum. The same EEV vadue is used for these
chloride salts as sodium chloride (i.e., 10,000 mg/L CI)
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7.2.5 Bacteria

Only one laboratory study was located for bacteria 1to et a. (1977) reported that 50% of the RNA of
the bacteria, Escherichia coli, was degraded when exposed for 2 hours to an 8,767 mg/L NaCl
solution (5,321 mg/L. CI). Such aresponse could impact bacterial numbers, growth rates, and important
enzyme functions. Because E. cali, is not a representative aquatic bacteria, being more commonly found
in the intestind tracks of humans and other mammals, it is not being used for the Tier 1 and other tier
assessments.

7.26 Fungi

Only one experiment testing the toxicity of sodium chloride to fungi was located. Sridhar and Barlocher
(1997) report that there was an increase in the sporulation of aguatic fungi a a sdinity of 659 mg/L
NaCl or 400 mg/L CI when compared to a control population. The experiment was run over 48 hours.
The increase in the rate of sporulation was not reported. An application factor of 100 is used because
no information was provided on the test species, the short duration of the test and because the data is
semi-quantitative.

For sodium chloride, the Tier 1 Risk Quotient for fungi is 10,000 mg/L CI' divided by 40 mg/L CI or
2,500. This quotient is greater than 1 and so a Tier 2 assessment should be conducted for fungi.

Sridhar and Barlocher (1997) reported an increase in the sporulation of aquatic fungi when exposed to
a 554 mg/L cadcium chloride solution (354 mg/L CI) over a 48 hour exposure time. An agpplication
factor of 100 aso is being gpplied to this data set. For cacium chloride, the Tier 1 Risk Quotient is
10,000 mg/L CI/35.4 mg/L CI or 2,825, a vaue that is not gppreciably different from that for sodium
chloride.

Rantamaki et a. (1992) reported that the fungus Aphanamyces astaci did not produce spores when
exposed to 1,904 mg/L magnesium chloride (1,418 mg/L CI) over 120 hours. An application factor of
100 is used because the data is semi-quantitative (i.e., datais not reported as EC's).

For magnesum chloride, the ENEV is 14.18 mg/L CI and the Tier 1 Risk Quotient is 77.5.

7.2.7 Protozoans

Three experiments were located which investigated the sodium chloride toxicity to protozoans. One
experiment (Fuji and Hellebust 1994) was based on the culture of a salt tolerant species, Bvoekelovia
hooglandi. The second experiment tested Euglina gracilis, a photosynthetic flagdlate which
experienced a 16% reduction in cel number when cultured in the light and a 38% reduction in cells
when cultured in the dark a a sdinity of 5,845 mg/L NaCl or 3,548 mg/L CI (Gonzalez-Moreno et d.
1997). The test was run for seven days. The most sendtive species was Paramecium tetrourelia
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which experienced a 17% reduction in cdl divison when exposed to 577 mg/L NaCl (350 mg/L ClI)
for five days (Cronkite et a. 1985). No application factor is being used because the study is based on
an EC,5.

Usng Paramecium tertourelia as a “representative’” protozoan, the EEV/ENEV chloride quotient for
protozoans is 10,000 mg/L CI divided by 350 mg/L CI or 28.6. This quotient is above 1 and so a Tier
2 assessment should be conducted for protozoans.
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Table 7-1. Summary of Tier 1 Cdculations. CTV is the Criticd Toxicity Vdue, EEV is the maximum estimated concentration (10,000
mg/L) of chloride in the environment (from highway runoff) and EEV, is the Estimated No effects vaue (CTV/AF). See text for

further explanation.
Endpoint Organism Exposure Time/Endpoint CTVvV Application EEV/ENEV Toxicity Source
NaCl (and CI Factor
) (mg/L)

1. Fungi

Unknown aguatic fungi increased sporulation, 48 659 (400) 100 2,500 Sridhar and Barlocher
2. Protozoans

Paramecium tetrourelia 17% reduction of cells 577 (350) 1 28.6 Cronkite et d. 1985

cultured in light 57-dav test

3. Phytoplankton

Nitzschia linearis 50% reduction in number of | 2,430 (1,475) 100 678 Patrick et al. 1968

cals 120 hoiirs

4. Macrophytes

Sohagnum fimbriatum 43% reduction in growth, 45 | 2,471 (1,500) 100 667 Wilcox 1984
5. Zooplankton

Ceriodaphnia dubia 50% mortdity, 7 days 2,019 (1,225) 100 816 Cowgill and Milazzo 1990
6. Benthic invertebrates

Nais variabilis LCs 48 hours 2,000 (1,214) 10 82.4 Hamilton et d. 1975
7. Amphibians

Xenopus leavis ECs, 7 days 2,510 (1,524) 100 656 Beak 1999
8. Fish

Oncor hynchus mykiss ECxs 7 days, egg/embryo 1,630 (989) 10 101 Beak 1999
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7.2.8 Phytoplankton

Only two studies were located testing phytoplankton to sodium chloride responses. The more sendtive
organism was the diatom, Nitzschia linearis. Patrick et a. (1968) reported a 50% reduction in the
number of cells of this diatom when exposad to 2,430 mg/L sodium chloride (1,475 mg/L CI) solution
for 120 hours. An application factor of 100 is used because thistest is based on an ECsy and in keegping
with the hyperconservative gpproach of Tier 1. This gives an ENEV of 14.8 mg/L chloride and an
EEV/ENEV of 678. This quotient is above 1 and s0 a Tier 2 assessment should be conducted for
phytoplankton.

Patrick et a. (1968) also reported a 50% reduction in N. linearis cell numbers when exposed to 3,130
mg/L calcium chloride (2,000 mg/L Cf) and to 1,337 mg/L potassium chloride (636 mg/L CI?). Using
an application factor of 100 gives a Tier 1 Risk Quotient of 500 for chloride as cdcium chloride and
1,572 for chloride as potassium chloride.

7.2.9 Macrophytes

Only two quantitative studies were located which investigated the response of macrophytes to road sdlt.
Stanley (1974) determined that the European millfoil, Myriophyllum spicatum, experienced a 50%
reduction in dry weight following a 32 day exposure to 2,196-8,178 mg/L NaCl (1,333-4,964 mg/L CI
1), Wilcox (1984) reported that Sphagnum fimbriatum (bog moss) experienced a 99% reduction in
mean length when grown in bog water with a chloride concentration of 5,000 mg/L for 75 days. S
recurvum experienced a 43% reduction in mean length when grown in bog water with a chloride
concentration of 1,500 mg/L for 45 days. The S recurvum test results will be used in the Tier 1
assessment. An application factor of 100 is used because this test is based on an EC43 and in keegping
with the hyperconsarvative approach of Tier 1. This gives an ENEV of 15 mg/L CI and a Tier 1 Risk
Quotient of 667. This quotient is above 1 and s0 a Tier 2 assessment should be conducted for
macrophytes.

No studies were located investigating the tolerances of macrophytes to potassum, magnesum, and
cacium chloride,

7.2.10 Zooplankton

A number of older studies were located investigating the toxicity of sodium chloride to the cladoceran,
Daphnia magna. One older study was located investigating the copepod Cyclops serrulatus. Most of
these studies were of limited vaue with the exposure time unknown or, in one instance, involved testing
in digtilled water. Severa other studies reported threshold toxicity as occurring between 3,170-5,093
mg/L sodium chloride (cited in McKee and Wolf 1963). This data adso lacked precison in the response
factor (i.e. data was reported as thresholds).
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Arambasic et d. (1995) reported an LCs, for D. magna when exposed to a 4,746 mg/L sodium
chloride (2,881 mg/L CI) for 48 hours. Anderson et a. (1948) reported that 50% of the D. magna
were immobilized when exposed to 3,680 mg/L NaCl for 64 hoursin Lake Erie water at 25 °C.

Cowgill and Milazzo (1990) reported a LCso for Ceriodaphnia dubia of 2,019 mg/L NaCl (1,225
mg/L CI). The test was conducted over 7 days. Birge et a. (1985) reported a LCsy of 1,470 mg/L
chloride for the same species over 2 days. The Cowgill and Milazzo (1990) 7-day experimental results
are used. An agpplication factor of 100 is selected because the study is based on an LCs, and in keegping
with the hyperconservetive nature of Tier 1. This gives an ENEV of 14.7 mg/L CI and an EEV/ENEV
of 816. Thisquotient is aove 1 and so a Tier 2 assessment should be conducted for zooplankton.

Anderson et d (1948) investigated the immobilization of Daphnia magna in various chloride sdts. The
ECso was 432 mg/L for potassum chloride (205.4 mg/L CI), 740 mg/L for magnesum chloride (551
mg/L CI) and 920 cacium chloride (587 mg/L CI) and, as dready mentioned, 3,680 mg/L for sodium
chloride (2,233 mg/L CI). If an gpplication factor of 100 is again used, this gives a Risk Quotient of
4,869, 1,815, 1,703 and 44 respectively.

7.2.11 Benthic Invertebrates

A number of papers were located investigating the tolerance of benthos to sodium chloride. Mackie
(1978) reported that the clam, Musculium securis, produced no viable offspring a a sodium chloride
concentration of 1,000 mg/L versus 54.3 young per rearing dish in the controls. However, clams were
reared in digtilled or deionized water to which had been added air-dried soil and willow or em trees and
the experiment was conducted over 60-80 days. This experiment is not used in this study because of its
duration and the fact that deionized or distilled water was used as a culturing medium.

Birge et . (1985) reported that the snail, Physa gyrina, had an LCsy of 2,540 mg/L CI. The test was
conducted over 96-hours in recongtituted water. A more sendtive response was exhibited by the
oligochaete worm, Nais variabilis, which experienced 100% mortality when exposed to a 3,735 mg/L
sodium chloride (2,267 mg/L CI) solution in filtered |ake water over 48 hours (Hamilton et d. 1975).
Mortality data was presented in graphica form. The LCs was extrgpolated by eye from the figure and
esimated at 2,000 mg/L NaCl (1,214 mg/L chloride). An application factor of 10 is being used
because the study was short in duration (i.e., 48 hours) and because of the hyperconservative nature of
Tier 1. Thisgivesan ENEV of 12.1 mg/L chloride and an EEV/ENEV of 82.4. This quotient is above 1
and so a Tier 2 assessment should be conducted for benthos when exposed to sodium chloride.

Hamilton et d. (1975) reported a 100% mortdity of, N. variabilis, when exposed to 204 mg/L KCl
(130.4 mg/L CI). Patrick et a. (1968) reported an LCs, for the freshwater snail Physa heterostropha
when exposed to a 940 mg/l KCI (600 mg/L CI) for 48 hours. Using the Hamilton et d. (1975) sudy
and an agpplication factor of 100 (because of the severity of the response) gives an ENEV of 1.3 mg/L
chloride and a Risk Quoatient of 7,692 for chloride as potassum chloride.
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7.2.12 Amphibians

Beak (1999) conducted a 7-day survivad test usng eggs from the amphibian, Xenopus leavis. This frog
is the African clawed frog, a common laboratory test species. The ECsp was 2,510 mg/L sodium
chloride (1,524 mg/L CI). X. leavis is not a native species to North America, dthough it has been
introduced into southern Cdifornia, and apparently is sdt tolerant since it is able to acclimate to
hypersaline media (Romspert 1976). Therefore, an gpplication factor of 100 is employed because of the
hardy nature of this species, particularly to sat. This gives an ENEV of 152 mg/L CI and an
EEV/ENEV of 656. This quotient is above 1 and s0 a Tier 2 assessment should be conducted for
amphibians when exposed to sodium chloride.

Beak (1999) used potassum chloride as a reference toxicant in its amphibian tests. The 7-day ECs
was 2,230 mg/L KCI (1,425 mg/L CI) which is dightly lower than that for sodium chloride. The ENEV
is14.3 mg/L CI and the EEV/ENEV is701.

7.2.13 Fish

A large number of toxicity tests were located for fish. However, many were very short in duration (i.e.,
one day) in comparison to fish longevity. Most tests were based on adults who may be more tolerant of
exposures to high sdinities than eggs and larvae. Accordingly, a series of tests were conducted by Beak
(1999). For the fathead minnow, Pimephales promelas, the LCs, for larvae exposed to a series of
chloride solutions for a 7-day exposure period was 5,490 mg/L sodium chloride (3,332 mg/L CI) while
the ECs, for the more sengtive embryo was 1,440 mg/L sodium chloride (874 mg/L CI). The EC,s for
rainbow trout, Oncor hynchus mykiss, eggs/embryos was 1,630 mg/L sodium chloride (989 mg/L CI)
while the EC»s for embryo/dvins was 1,830 mg/L sodium chloride (1,111 mg/L CI). Thus, the most
senstive response (EC,s) was exhibited by rainbow trout egg/embryo survivorship. An application
factor of 10 is being applied to this data because both rainbow trout and fathead minnows are hardy
species readily reared in the laboratory, with a broad geographic range (Scott and Crossman 1973),
often including saline habitats (Rawson and Moore 1944), and in keegping with the hyperconservative
nature of Tier 1.

The EEV/ENEV is 101. This quotient is above 1 and so a Tier 2 assessment should be conducted for
fish when exposed to sodium chloride.

A number of tests were located in the literature investigating the toxicity of cacium chloride to fish.
Many tests were less than one day in duration and hence of little vadue. Some tests were located which
were of longer duration, but many are from the older literature and thus of questionable vaue. Tedts
involving magnesium chloride aso were conducted more than 60 years ago, were short in duration, and
involved high exposures. Nothing more can be inferred about the toxicity of cacium and magnesum
chloride solutions with these data sets.
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A number of short-term (i.e,, one day) tests have been conducted exposing fish to potassum chloride
solutions. A few longer-term tests were located in the literature with bluegill sunfish (Lepomis
macrochirus) experiencing 50% mortality when exposed to a 2,010 mg/L potassum chloride (1,284
mg/L CI) solution for 4 days (Patrick et a. 1968). Beak (1999) used potassium chloride as a reference
toxicant in its sodium chloride tests. The LCs, for the 7-day fathead minnow test was 861 mg/L KCl
(550 mg/L CI) versus 5,490 mg/L for sodium chloride. If an application factor of 10 is used, the
EEV/ENEV is 116 for potassum chloride.

7.2.14 Conclusionsfor Tier 1 Assessment

1

2)

3)

4)

5)

Toxicity datais limited for aguatic fungi. Based on the one study located, chloride a a concentration
of 10,000 mg/L may adversdly affect the sporulation of these fungi for exposure times as short as 48
hours. Therefore, a Tier 2 assessment should be conducted for aguatic fungi. Aquatic fungi may be
more sendtive to chloride than bacteria Fungi may experience Smilar toxicity when the chloride is
bound with calcium, but even higher toxicity when exposed to magnesium chloride. Toxicity data is
aso limited for protozoans. The Tier 1 assessment for the most sengtive species, Paramecium
tetrourelia, suggested that chloride at a concentration of 10,000 mg/L may adversdly affect cell
growth over exposure times of 5 days. Therefore a Tier 2 assessment should be conducted for
protozoans.

Limited toxicity data was located for phytoplankton. The Tier 1 assessment suggested that a
chloride concentration of 10,000 mg/L would have an adverse impact on diatom growth over
exposure times of 120 hours. Therefore, a Tier 2 assessment should be conducted for
phytoplankton. Diatoms possibly are more sengtive to chloride than flagdlates. Diatoms may have a
greater tolerance for chloride as cacium chloride and a lower tolerance as potassum chloride than
for chloride bound with sodium.

The limited toxicity data found for macrophytes suggested that a chloride concentration of 10,000
mg/L would adversdly affect the long-term growth of two species of Sphagnum. Therefore, a Tier
2 assessment should be conducted for macrophytes.

Zooplankton toxicity data was limited to cladocerans and focused primarily on the cladocerans
Daphnia and Ceriodaphnia. Toxicity data suggested that exposure to 10,000 mg/L chloride would
be toxic to some zooplankton in a matter of days and a Tier 2 assessment should be conducted.
Zooplankton may be most sensitive to potassum chloride, followed by magnesium chloride, cacium
chloride and then sodium chloride.

A number of benthic studies were found. Toxicity data suggests that a 10,000 mg/L chloride

concentration would be toxic to some benthic species and that a Tier 2 assessment should be
conducted. Benthos may be more senditive to potassum than sodium chloride.
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6) Amphibians dso were sengtive to chloride a concentrations of 10,000 mg/L with sgnificant
mortality occurring after a matter of days. Accordingly, a Tier 2 assessment should be conducted
for amphibians. Amphibians may be more sengtive to potassum than sodium chloride,

7) A number of fish studies were located. The lowest toxicity vaues were found for fathead minnow
eggs that would experience sgnificant toxicity a 10,000 mg/L chloride. Accordingly, a Tier 2
assessment should be conducted for fish. Fish may be most sendtive to potassum chloride,
followed by magnesium chloride, sodium chloride, and then calcium chloride.

7.3 Tier 2 Assessment

Tier 2 environmental assessments involves a further analysis of exposure and/or effects to cdculate a
quotient that is still conservative, but more “redidtic’ than the hyperconservative quotient calculated in
Tier 1 (Environment Canada 1997¢). The EEV dso could be lowered by severd means including the
use of data from more recent studies. ENEVS can be lowered by decreasing the magnitude of the
gpplication factor. This can be done if the substance is not persistent and does not bioaccumulate.

For Tier 2 assessments, a more redigtic estimate for the EEV is required for chloride concentrations
which, while redigtic, remained conservative. Road sdt has been shown to have its greatest impact on
the chloride levels in urban creeks and rivers. In Canada, the best-documented impacts of road sdt on
chloride levels in aguatic systems have been for the Toronto area. Hence, this data set is examined to
find amore redidtic esimate of the Tier 2 EEV.

As previoudly noted, chloride concentrations were measured in severd streams in the Toronto Remedia
Action Watershed over 1990-1996 (see section 4). Data was collected seasondly. Most stations were
sampled less than 50 times during the multi-year sudy (see Table 4.1). Minimum chloride
concentrations ranged from 1-51 mg/L CI' while maximum concentrations were consderably higher.
Three gations were examined at Etobicoke Creek and had maximum reported chloride concentrations
of 2,140-3,780 mg/L CI. Maximum chloride concentration at Mimico Creek was 3,470 mg/L CI and
a the Black Creek station was 4,310 mg/L CI. Five stations monitored on the Humber River had
maximum chloride concentrations ranging from 96-4,310 mg/L CI. Three stations monitored on the
Don River had maximum concentrations of 960-2,610 mg/L CI' while one station monitored a Highland
Creek had a maximum concentration of 1,390 mg/L CI. Seasond plots of chloride variations in
Highland Creek (see Figure 4.3) over 1990-1993 show several winter sampling periods in which
chloride concentrations exceeded 1,000 mg/L CI. Williams et a. (1999) report that an Ontario spring
located near a highway and bridge has a mean chloride concentration of 1,092 mg/L CI as a probable
result of road sdt contamination. Snowmelt can contain high concentrations of chloride. For example,
Delide and André (1995) reported that chloride in snow carried by Montredl trucks occurred in an
average concentration of 3,851 mg/L. Chloride concentrations in snow storage Sites may aso reach
1,210 mg/L (Table 4.4).
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While the maximum chloride value observed in creeks and rivers in the Toronto area which have been
contaminated by road sdt isin the range of 2,000-4,000 mg/L CI, the frequency of such occurrences,
even in winter months, islikely to be low. Moreover, the duration is likely to be short (hours to a couple
of days). However, exposures to chloride concentrations in the 2,000-4,000 mg/L range of this
magnitude would not be as short in duraion for in dow-flowing aguatic environments impacted by
leakage from sat storage depots or from snow dumping, e.g., ponds, marshes, wetlands. Considering
these various factors, a more consarvative estimate of 1,000 mg/L will be used as the EEV in the Tier 2
asessments. Chloride concentrations in this range have been commonly observed in Toronto area
creeks and rivers, as dready noted, in a contaminated spring in the Toronto area (Williams et d. 1997),
and in a bog contaminated by a sat-storage depot (Wilcox 1982).

Chloride is persgtent (i.e., conservative) in the environment and, in fact, can be used as a tracer for
water movement. Some organisms, poikilosmotic regulators (see Figure 5-1) dlow their interna fluidsto
increase in sdinity with the increasing dinity of their environment. Mogt freshwater organisms alow
ther internad st concentrations to conform to that of ther environment. Thus, in a sense, these
organisms “biocaccumulate’ sdt when their environment suddenly becomes more sdine (e.g., when there
is a pulse of road st in ther environment). Thus, because chloride is perdstent and does
“bicaccumulate’, thereislittle rationde for lowering the Tier 1 Application Factors. While there is some
data to dlow for the estimation of the concentration at which no effects are expected to be observed
with long-term exposure to eevated chloride concentrations, these estimates will be used in the Tier 3
asessment. Too little information was obtained on the effects of water temperature on toxicity to
readjust ENEVsfor late winter and early spring water temperatures. Congderations of these issues aso
ae dedt with in the Tier 3 assessments dong with condderations of water hardness. No further
cdculations are performed of Risk Quotients for chloride as cacium, potassum, and magnesium salts.

7.3.1 Bacteria

The Tier 1 EEV/ENEV chloride quotient for bacteria was 187.9. The Tier 1 Application Factor is
reduced from 100 to 31.6 and the EEV from 10,000 mg/L CI' to 1,000 mg/L CI. Under Tier 2, the
Toxicity Risk Quotient is reduced by afactor of 31.7 or to 5.94. This quotient is greater than 1 and so a
Tier 3 assessment should be conducted for bacteria

7.3.2 Fungi

The Tier 1 EEV/ENEV chloride quotient for fungi was 2,500. The Tier 1 Application Factor unchanged

at 100 but the 2,000-4,000 mg/L ~. Under Tier 2, the Risk Quotient is reduced to 250. This quotient is
greater than 1 and so a Tier 3 assessment should be conducted for fungi.
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7.3.3 Protozoans

The Tier 1 EEV/ENEV for the protozoan, Paramecium tertouréelia, is 28.6. No application factor was
used in this assessment. Under Tier 2, the EEV/ENEV quotient is reduced to 2.9. This quotient is above
1 and so aTier 3 assessment should be conducted for protozoans.

7.3.4 Phytoplankton

The Tier 1 EEV/ENEV for the diatom, Nitzschia linearis, was 678. Under Tier 2, the EEV/ENEV
quotient is reduced to 67.8. A Tier 3 assessment should be conducted for phytoplankton.

7.3.5 Macrophytes

The bog moss, Sphagnum fimbriatum, had a Tier 1 quotient of 69.5. The Tier 2 EEV/ENEV quotient
iIS66.7. Sincethisis greater than 1, a Tier 3 assessment should be conducted for macrophytes.

7.3.6 Zooplankton

Ceriodaphnia dubia had a Tier 1 EEV/ENEV of 816. The Application Factor remains the same at
100 and the Tier 2 EEV/ENEV is reduced to 81.6 which is aove 1. A Tier 3 assessment should be
conducted for zooplankton.

7.3.7 Benthiclnvertebrates

The oligochaete worm, Nais variabilis, had a Tier 1 EEV/ENEV of 82.4. The Tier 2 Risk Quotient is
8.2. A Tier 3 assessment should be conducted for benthos when exposed to sodium chloride.
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Table7-2:

Summary of the Tier 2 Cdculations. CTV is the Criticd Toxicity Vaue, EEV is the maximum estimated concentration (1,000

mg/L) of chloride in the environment (from highway runoff) and EEV, is the Estimated No effects vaue (CTV/AF). See text for

further explanation.
Endpoint Organism Exposure Time/Endpoint crtv Application | EEV/ENEV Toxicity Source
NaCl (and Cl) Factor
(mg/lL)

1. Fungi

Unknown agquetic fungi sporulation, 48 hours 659 (400) 100 250 Sridhar and Barlocher
2. Protozoans

Paramecium tetrourelia 17% rgdu_cﬂ on of cdls 577 (350) 1 29 Cronkite et a. 1985

ciltured in liaoht. 57-dav test
3. Phytoplankton
: s : 50% reduction in number of | 2,430 (1,475) 100 67.8 Patrick et a. 1968

Nitzschia linearis e 190 e v
4. Macrophytes

Sphagnum fimbriatum 43% reduction in growth, 45 | 2,471 (1,500) 100 66.7 Wilcox 1984

davs

5. Zooplankton

Ceriodaphnia dubia 50% mortality, 7 days 2,019 (1,225) 100 81.6 Cowgill and Milazzo 1990
6. Benthic invertebrates

Nais variabilis LC,s, 48 hours 2,000 (1,214) 10 8.2 Hamilton et d. 1975
7. Amphibians

Xenopus leavis EC-p, 7 days 2,510 (1,524) 100 65.6 Beak 1999
8. Fish

Oncor hynchus mykiss EC,s, 7 days, egg/embryo. 1,630 (989) 10 10.1 Beak 1999
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7.3.8 Amphibians

Theamphibian Xenopus leavis had a Tier 1 EEV/ENEV of 656. The Application Factor is 100 and the
chloride concentration is reduced to 1,000 mg/L, the Tier 2 Risk Quotient is reduced to 65.6. This
quotient is above 1 and s0 a Tier 3 assessment should be conducted for amphibians when exposed to
sodium chloride.

7.3.9 Fish

A number of tests were found investigating sodium chloride toxicity to various species of fish. The most
sengitive endpoint organism was rainbow trout, Oncor hynchus mykiss, eggsembryos. The EEV/ENEV
for Tier 1 was 101. When the Application Factor is 10 and the chloride concentration is 1,000 mg/L,
the Risk Quotient is reduced to 10.1. This quotient is above 1 and so a Tier 3 assessment should be
conducted for fish when exposed to sodium chloride.

7.3.10 Conclusionsfor Tier 2 Assessment

1) Tier 2 risk assessments were conducted by reducing the EEV from 10,000 mg/L CI to 1,000 mg/L
CI. All EEV/ENEV quoctients were greater than 1. Quotients 250 for fungi, 2.9 for protozoans,
67.8 for phytoplankton, 66.7 for macrophytes, 81.6 for zooplankton, 8.2 for benthos, 65.6 for
amphibians, and 10.1 for fish.

2) Tier 2 risk assessments were made using an EEV of 1,000 mg/L chloride. Even if this vdue were
reduced to 500 mg/L chloride, based on less conservative exposure estimates, dl quotients would
continue to exceed 1.

3) Application Factors were 100 for fungi, phytoplankton, macrophytes, zooplankton, and amphibians.
Reducing the Application Factor to 1 would result in a Tier 2 Risk Quotient would il result in all
quotients exceeding 1.

4) An application factor of 10 was used for benthos and fish. Reducing the Application Factor to 1
would result in aTier 2 Risk Quoatient of <1 for benthos and a Risk Quotient of 1.01 for fish.

5) Tier 3 assessments should be conducted for al groups of organisms considered in Tiers 1 and 2.

7.4 Tier 3 Assessment

Tier 3 assessments provide for the analyss of the likelihood that the substance under consideration will
have a harmful impact on the environment. It does so by congdering the digtributions of exposures
and/or effects (Environment Canada 1997¢).
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7.4.1 Tier 3 Assessment of Road Salt Concentrationsin the Aquatic Environment

A review of the exigting literature on chloride concentrations in the Canadian environment, particularly
chloride that could be associated with road sdt, yielded surprisingly few studies. As noted in Section 4,
mogt of the Canadian studies were located in the Maritimes, Quebec, and Ontario, regions of the
heaviest road sdt gpplication (Fig. 4-1). Highest chloride concentrations tended to be associated with
highway runoff and smal creeks and rivers in the Toronto area. Condderably lower concentrations
were observed in the less densely populated areas in Ontario, Quebec, and the Maritime region. This
literature review, and that of other ERG members, has identified geographic regions and watersheds in
which road sat is most heavily applied (Morin and Perchanok 2000). Moreover, through modeling
goproaches, ERG members have identified regions which, on the basis of climatic consderations,
especidly precipitation, and soil characterigtics (i.e, bedrock versus gilts, clays, etc.), surface water
concentrations of chloride are most likely to be rdatively high (Mayer et a. 1999; Morin et d. 2000).
The approach followed is described below for Mayer et d. (1999).

Mayer e d. (1999), with the ERG Work Group, modeled chloride concentrations (g/L) in the
Canadian environment based on road sdt gpplication rates, precipitation, and watershed sze. Average
watershed chloride concentration (mg/L) was estimated by dividing the unit area road sdt loading by a
runoff coefficient, where:

1) Theunit arealoading (g/nf/yr) for the watershed was calculated by dividing the road salt application
for agiven watershed (g/y) by the area of the watershed (nf). This approach, while useful, “dilutes’
the localized gpplication rate on the highway.

2) The runoff coefficient (mvyr) was estimated by dividing the total annua volumetric runoff (mfyr) for
that watershed by the area of the watershed (). Volumetric runoff, in turn, was an esimate of the
proportion of tota annua precipitation in the watershed that reached stream channels. However,
this gpproach, while useful on an annua watershed basis, does not provide detailed information on
pulse events and locdlized areas of impacts.

Mayer et d.’s (1999) study estimated that regions of highest chloride loadings per watershed (>20 g CI
I? watershed) occurred in southern Ontario and Quebec in a narrow band aong the northern Lake
Erie, lake Ontario, and both sides of the St. Lawrence River. Observed average chloride concentrations
in these watersheds ranged from 10-25 mg/L with road sdt gpparently the primary source of this
chloride. The next highest loadings (up to 1 g Cl/nf watershed) on a watershed basis were in southern
Ontario and Quebec, and in the Maritimes, including southern Newfoundland. Average watershed
chloride concentrations in these regions were 2-10 mg/L with road salt again amgjor contributor to total
chloride concentration. Mayer et d. also estimated that road sat was a mgor contributor to chloride
levelsin watersheds in centrd British Columbia and centrd Alberta athough average watershed chloride
concentrations tended to low (<5 mg/L).

These modeling sudies, while not environmentaly precise, identify regions in which road sdt is being
heavily applied (i.e., southern Ontario and Quebec, the Maritimes, including southern Newfoundland)
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and aess in which road sdt may be dgnificantly increesng average surface water chloride
concentrations. Unfortunately, no studies have been conducted in Canada to determine spatia patterns
and long-term trends in chloride concentrations in streams and lakes in areas of dense population
growth and the possible contribution of road sdt to these enhanced chloride levels. Thisisin contrast to
the United Sates where severd such studies have been conducted (e.g., Peters and Turk 1981, Mattson
and Godfrey 1994, Herlihy et d. 1998, Eilers and Selle 1991, Siver et d. 1996, and Dixit et a. 1999).
Moreover, while Mayer et d.’s (1999) modeling studies provide for the identification of watersheds that
are vulnerable to road sat impacts, they do not provide site-specific and time-specific estimates of
chloride concentrations in these watersheds. The actua concentrations that would be observed in these
areas would vary as noted in Section 2.

Accordingly, to continue with the Tier 3 assessment, a scenario type agpproach will be used to describe
aress of probable or possble impact. Scenarios will begin with brief exposures to highly eevated
chloride concentration (i.e., in runoff and in streams draining extensive highway areas) and move to
extended exposures to low eevationsin chloride concentrations (i.e., large rivers, lakes).

7.4.2 Tier 3 Assessmentsof Chloride Toxicity

Tier 3 asessments include condderations of the ditribution of exposures and/or effects in the
environment (Environment Canada 1997c¢). In order to proceed with this approach, the toxicity of road
st in the environment isinvestigated by examining al the accrued data sets to assess the likelihood that
toxicity responses would be observed. Exposure period is very important. Accordingly, the data is
divided into four time periods. less than one day, one day, four days, and one week. In addition, chronic
toxicity (long-term) vaues are estimated as described later in this section.

i. Less Than One Day Exposure

Rapid snowmet events following road sdt gpplication can ddiver pulses of concentrated chloride
solutions to aquatic ecosystems. Highly eevated concentrations may last less than one day with
concentrations declining through the melt event. Therefore, it is indructive to examine toxicity data to
assess levels a which exposures of less than one day may have letha effects.

Only afew studies investigated the toxicity regponse of various taxa to short-term exposures to sodium
chloride (i.e., exposures ranging from 15 minutes to 12 hours). For the <1 day data sets (Table 7-3),
LCso vaues ranged from 8,767-50,000 mg/L NaCl or 5,318-30,330 mg/L chloride. The geometric
mean is 12,826 mg/L chloride. St concentrations at the upper end of this range have been associated
with direct road runoff in urban areas and other heavily trafficked areas (see Section 4). Concentrations
at the lower end of the range have been associated with storm sewers and smal urban streams during
periods of high road sdt application rate (Bubeck et a. 1971; Hawkins and Judd 1972; Cherkauer
1975) and with ditches (Champagne 1978). Concentrations of this magnitude aso have been noted in
wetland areas, which have been adversely impacted by leakage from road sdt depots (Ohno 1990),
and in groundwater and leachates from road sat storage depots (Morin 2000; Arp 2001).

143



Table7-3: Toxidty responses of organisms to sodium chloride for exposures less than one day.

SPECIES TAXON NACL CL RESPONS | TIME SOURCE

(MG/IL) | (MGIL) E (HR)
Salvelinus brook trout | 50,000 | 30,330 LCs 0.25 Phillips 1944
fontinalis

Lepomis Bluegll 20,000 | 12,132 LCs 6 Wdleretd.
macrochirus 1996
Oncorhynchu Rainbow | 20,000 | 12,132 LCyo 6 Waller et d.

s mvkiss trout 1996
Chironomus | Chironomid | 9,995 6,063 LCs 12 Thorton and

attenatus Sauer 1972

The evidence suggests that direct road sdt runoff can be toxic to a wide variety of organisms over
relatively short exposures times. The environments in which is this is mogt likely to occur are those in
close proximity to multilane highways and sdt storage depots where reatively little dilution of the road
st has occurred. Toxicity from highway runoff may be aggravated by other contaminants carried in the
runoff including metas and PAHs. Highway agencies, with information on highway width and length,
road salt application rates, weather events, and the major features of urban ditches, roadside wetlands,
and small creeks, should be able to identify potentialy vulnerable aress. In Situ monitoring of trangent
changes in conductivity (idedly chloride) as in Whitfidd and Wade (1992) should help determine the
nature and sgnificance of such events. Water quadity monitoring studies conducted around road sdt
storage depots will help identify potentidly sengitive wetland areas and creeks.

ii. One Day Exposure

Road sdt, on entering the environment, may persst in arelatively concentrated form for some period of
time. For example, during mdting events, chloride concentrations may increase in ditches and streams
and remain eevated for a day or more. Stored chloride may be flushed from stream banks during
spring, summer, and autumn storms (Scott 1980b). Accumulated chloride at the bottom of urban lakes
may be flushed from the lake during spring and summer overturn (Cherkauer and Ostenso 1976). All of
these events may result in brief (eg., 1 day) exposures to devated chloride concentrations. Some
organisms, such as fish, may be able to swim away from such chloride pulses unless the siream flow
velocity exceeds swimming speed or they are trapped in Sationary waters (e.g., ditches, wetlands).

Six laboratory studies were located which determined 24-hour LCsos (Figure 7-1; Table 7-4). This data
is graphed as a cumulative frequency digtribution of chloride toxicity as a sodium chloride st (Fig. 7-1).
Concentrations ranged from 2,724 mg/L NaCl (1,652 mg/L CI) for the cladoceran, Ceriodaphnia
dubia, to 14,100 mg/L NaCl (8,553 mg/L CI) for bluegill sunfish. The geometric mean chloride
concentration is 3,746 mg/L.
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Chloride concentrations at the upper end of this range have been observed in road runoff in heavily
sdted areas. Concentrations at the lower end of the range, 2,000 mg/L CI, have been observed for
urban streams in dense population areas, such as the Metropolitan Toronto area (Table 4-1, 4-2; Figure
4-1, 4-2). In such situations, brief, undiluted pulses of road sat could have adverse impacts in aguatic

ecosystems. Creeks and roadsde waterways near heavily-sdted, multiple lane highways dso are
vulnerable to such impacts.

Chloride concentrations in the 1,600-8,500 mg/L range have been observed in impacted areas near sat
depots where there has been sgnificant leakage from the sdt piles (Arp 2001). Because such
contaminated waters may move dowly, exposure times are likely to be longer than 1 day. Chloride
concentrations in the 1,600-8,500 mg/L range dso have been observed in snow removed from sated
roads (Ddlide and Andre 1995). If large amounts of this snow were dumped into a rdatively smal and
dowly flowing water body (e.g., a stream or marsh) some organisms could experience toxic impacts.

Figure7-1.  Predicted chronic and actua acute chloride toxicity levels for aquatic taxa.
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Environments in which one-day toxicity is mog likely to be sgnificant are heavily urbanized aress in
southern Ontario, particularly immediately north of lakes Erie and Ontario and dong both sides of the
. Lawrence River, especidly in the Montreal-Quebec City corridor. Toxicity events may aso occur
with some frequency in densely populated urban areas in the Maritimes. Toxicity events may aso occur
near road sat storage depots and yards and from melting snow dumps. In Situ monitoring of transent
changes in conductivity (idedlly chloride) would confirm whether such aress are, in fact, experiencing
highly eevated chloride concentrations with runoff events. Monitoring of chloride concentrations in
aquatic ecosystems near road salt storage facilities and near snow dumps will help resolve thisissue.

Table 7-4: Toxicity responses of organisms to sodium chloride for exposures of one day.
Species Taxon NaCl Cl Response Sources
(ma/l) | (mg/l)
Lepomis bluegill 14,194 | 8,616 LCso Dowden and Bennett 1965
macrochiriis
Lepomis bluegill 14,100 | 8,553 LCs Doudoroff and Katz 1953
macrachirus
Carassius goldfish 13,480 | 8,388 LCso Dowden and Bennett 1965
auratus
Daphnia cladoceran 7,754 | 4,704 LCso Cowgill and Milazzo 1990
Cirrhinius | Indiancarpfry | 7,500 | 4,550 LCso Gosh and Pal 1969
nmrigalo
Labeo rohoto | Indiancapfry | 7,500 | 4,550 LCso Gosh and Pal 1969
Catlacatla | Indiancapfry | 7,500 | 4,550 LCso Gosh and Pal 1969
Salmo Rainbow trout | 5,496 | 3,336 LCso Kostecki and Jones 1983
Daphnia cladoceran 2,724 | 1,652 LCso Cowgill and Milazzo 1990
Ceriodaphnia | cladoceran 2,724 | 1,652 LCso Cowgill and Milazzo 1990
dubia

iii. Four-Day Exposure

Acute (or short-term) toxicity studies typicaly are conducted over periods of up to 96-hours (4 days)
and measure mortdity (Lee et d. 1997). For short-lived organisms, such as dgae, a reduction in cell
growth relative to the control population may be measured. In terms of the lgal population, these 4-day
studies then can be congidered chronic studies. However, a the community level, longer exposure times
would be required to measure changes in dgal species successon and composition.

Short-term (in the order of four days) exposure scenarios are most applicable to stream and river
Stuations where aguatic organisms are exposed to brief pulses of eevated chloride concentration.
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Accordingly, toxicity data for reatively long-lived organisms (eg., zooplankton, benthos, fish, and
amphibians) was examined to determine the concentrations a which chloride was toxic to various
components of the aquatic ecosystem.

The 4-day toxicity data set was increased by including 3-day toxicity data. In order to do this, 3-day
toxicity estimates were converted to 4-day toxicity estimates through the use of a converson factor.
Conversion factors were based on Cowgill and Milazzo (1990) who investigated LDs, responses of
two species of cladocerans to sodium chloride a daily intervas over a 7-day period. The LDsy for
Daphnia magna was 7,754 mg/L NaCl at day 2 and day 3 and 6,031 mg/L NaCl at day 4 (i.e, D.
magna was 1.27 times more sendtive to NaCl at four days of exposure than at two or three days of
exposure). For Ceriodaphnia dubia, these vaues were 2,308 mg/L NaCl, 2,169 mg/L NaCl and
2,077 mg/L NaCl respectivey (i.e, C. dubia was 1.1 times more sendtive at day 4 than at day 2 of
exposure and 1.04 times more sendtive than a day 3 of exposure). The mean of these increased
sengitivities was used to convert 48-hour (factor of 1.19) and 72-hour (factor of 1.16) mortaity datato
96-hour data as shown below; al data is presented as LCs, toxicity (Figure 7-1; Table 7-5). The
geometric mean was calculated for Daphnia magna was caculated from the four available 4-day
Sudies.

The data is graphed as a cumulative frequency digtribution of toxicity to chloride as a sodium chloride
sdt. Toxicity datafor C. dubia and D. pulex is presented by the mean vaues reported in Cowgill and
Milazzo (1990), Wisconsin State Laboratory of Hygiene (W1 SLOH) (1995) and Birge et d. (1985).
Similarly, a mean is cdculated for fathead minnows based on Ademan et d. (1976) and WI SLOH
(1995), but not Birge et d. (1985). These results are reported separately because it is not certain
whether differences are due to experimentd variations or genetic and/or phenotypic differences in the
ability of the organisms tested to withstand salinity stresses.

For a4-day exposure, chloride becomes lethdly toxic to haf the exposed population a concentrations
ranging from 1,400 mg/L for the cladoceran, Ceriodaphnia dubia, to 13,085 mg/L for the black el
dage of the American ed. The median chloride toxicity was ca 4,026 mg/L’, Smilar to the geometric
mean of 4,031 mg/L. There was a large overlap in the 1-day and 4-day toxicity curve, primarily due to
the low number of 24-hour studies located in the search of the literature.

Concentrations of 1,400-3,000 mg/L CI typicdly have been associated only with urban creeks and
rivers in relatively densdy populated aress, such as the Metropolitan Toronto area. However,
concentrations in this range appear to occur infrequently, even during winter (see Figures 4.2 and 4.3).
Schroeder and Solomon (1999) conducted aforma investigation of chloride concentrations and toxicity
a three stations on the Don River. Chloride data collected from November to April 1995 (or 1996)
was plotted as cumulative frequency graphs. Chloride concentrations reached up to ca. 950 mg/L at Ste
1, up to ca. 2,600 mg/L at ste 2, and up to ca. 1,150 mg/L at site 3. Next acute LCs, data for 13 fish
and 7 invertebrate taxa was plotted on the same graph. Experiments were at least 24 hours in duration,
but the totd duration of each experiment was not given. LCs, vaues ranged from ca 1,000-30,000
mg/L CI for most taxa. Thus, the toxicity range was gregter than the 4-day toxicity data shown in Fig.
7.1. Schroeder and Solomon estimated that 90% of the fish species would be expected to be protected
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from acute effects of chloride toxicity at least 90% of the time a two of the Sites and a least 85% of the
time at the third ste. Sengtive species had LCsy's of ca 1,000 mg/L to ca 2,700 mg/L CI and would
experience sgnificant chloride stress some 10-15% of the time a these three Stes in the Don River.

Maximum chloride concentrations in creeks in the Toronto Remedid Action Plan Watershed attain
levels of 1,040 mg/L CI to 4,310 mg/L CI (see Tables 4.1 and 4.2), i.e., greater than values reported
in Schroeder and Solomon 1999. Thus, based on Schroeder and Solomon's study, it is probable that
aquatic organisms inhabiting these waters are acutdly stressed by road-sdt containing highway runoff
more than 10% of the time during the winter period. This 10% vaue s likely to be an underestimate for
a number of reasons. Fird, because sampling frequency in these rivers has not been intensg, it is
probable that even higher chloride levels do occur on occasion. Second, laboratory studies routindy use
organisms tha are ubiquitous in the environment and dso are very hardy (i.e, they can be cultured and
maintained as self-reproducing populations in the laboratory). Most organisms are consderably more
sengtive and, as such, may have greater sengtivities to chloride and other related stresses. Laboratory
gudies are conducted on hedthy, well-fed animals. In the red environment, animals generdly experience
ggnificant periods of low food avallahility, therma dress, and other stresses. Thus, they may be less
capable of withstanding chloride stress than well-maintained laboratory specimens, particularly during
winter, a period of low temperatures and limited food availability. Findly, road sdt runoff can contain a
variety of other contaminants that al'so may contribute to toxic stress.

As previoudy noted, chloride concentrations in the 1,000-3,000 mg/L range have been associated with
ditches and with wetlands contaminated by road salt storage depots. It is probable that organisms
inhabiting such sdline stationary waters will experience sgnificant stress in a matter of days. Chloride
concentrations of 1,000-3,000 mg/L correspond to sodium chloride concentrations of 1,650-4,944
mg/L, (i.e., the upper part of the subsaline range and lower part of the hyposaline range as defined by
Hammer 1986a). Thisisthe range over which freshwater organisms decline rapidly in diversty.
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Table 7-5: Four day LCs, of various taxa exposed to sodium chloride.
Species Taxon NaCl Cl Sources
(mo/l) | (mgll)
Ceriodaphnia dubia Cladoceran 2,308 1,400 Cowgill and Milazzo 1990
Daphnia pulex Cladoceran 2422 1,470 Birgeetd. 1985
Ceriodaphnia dubia Cladoceran 2,630 1,596 WI SLOH 1995
Daphnia magna Cladoceran 3,04 1,853 Anderson 1948
Daphnia magna Cladoceran 3,550 2155 Biesinger and Christensen 1972
Daphnia magna Cladoceran 3,939 2,390 Arambasic et al. 1995
Physa gyrina Snail 4,088 2,480 Birgeetd. 1985
Lirceusfontinalis Isopod 4,896 2,970 Birgeetd. 1985
Chlamydomonas Algae 4,965 3,014 Reynoso et al. 1982
reinhardtii
Catla catla Indian carp fry 4,980 3,021 Gosh and Pal 1969
Labeo rohoto Indian carp fry 4,980 3,021 Gosh and Pal 1969
Cirrhiniusmrigalo Indian carp fry 4,980 3,021 Gosh and Pal 1969
Cricotopustrifascia Chironomid 5192 3,795 Hamilton et al. 1975
Hydroptila angusta Caddisfly 5,526 4,039 Hamilton et al. 1975
Daphnia magna Cladoceran 6,034 3,658 Cowgill and Milazzo 1990
Chironomus attenatus Chironomid 6,637 4,026 Thorton and Sauer 1972
Daphnia magna Cladoceran 6,709 4,071 WI SLOH 1995
Anaobolia nervosa Caddisfly 7,014 4,255 Sutcliffe 1961b
Limnephilus stigma Caddisfly 7,014 4,255 Sutcliffe 1961b
Carassius auratus Goldfish 7,341 4,453 Adelman et al. 1976
Pimephal es promelas Fathead minnow 7,650 4,640 Adelman et al. 1976
Pimephal es promelas Fathead minnow 7,681 4,600 WI SLOH 1995
Culex sp. Mosquito 8,614 5,229 Dowden and Bennett 1965
Lepomis macrochirus Bluegill 9,627 5,840 Birgeet d. 1985
Pimephal es promelas Fathead minnow 10,831 6,570 Birgeet d. 1985
Oncorhynchus mykiss Rainbow trout 11,112 6,743 Spehar 1987
Lepomis macrochirus Bluegill 12,964 7,864 Trama 1954
Gambusia affinis Mosquito fish 17,500 10,616 Walen et al. 1957
Anguillarostrata American egl, glass 17,969 10,900 Hinton and Eversole 1978
eel stage
Anguillarostrata American eel, black 21571 13,085 Hinton and Eversole 1978

eel stage
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iv. Seven to Ten Day Exposures

Mogt acute toxicity studies are conducted over periods of 4 days or less. However, a number of studies
have recently been developed which extend toxicity measurements from 7-10 days. These studies, in
addition to consdering mortdity, may dso investigate growth and, for rapidly reproducing organisms,
such as cladocerans, fecundity.

Two sudies (Cowgill and Milazzo 1990; GonzadesMoreno et d. 1997) were located which
investigated 7-10 day toxicity to chloride (Table 7-6). In addition Beak (1999) conducted a series of 7-
day toxicity tests using fathead minnows, rainbow trout, and the African clawed frog. This data provides
some ingght to toxicity in waters with dow exchanges (e.g., ditches, wetlands, ponds, smdl lakes). Data
was presented as LCsy and ECs,. Cowgill and Milazzo (1990) reported LCss and three
(Ceriodaphnia dubia) to four (Daphnia magna) measures of ECs, (Table 7-6). For Daphnia magna,
the 7-day LCsp was 6,034 mg/L NaCl (3,660 mg/L CI); the 7-day ECs, for tota progeny, mean
number of broods, and mean brood size ranged from 4,040-5,777 mg/L NaCl (2,451-3,506 mg/L CI).
For Ceriodaphnia dubia, the 7-day LCs, was 2,019 mg/L NaCl (1,225 mg/L CI); the ECs, ranged
from 1,761-1,991 mg/L NaCl (1,068-1,208 mg/L CI) for total progeny, mean number of broods,
mean brood size, and dry weight.

Beak (1999) reported most toxicity data as ECso, defined as the “median effective concentration that
causes an adverse effect in 50% of the test organisms’. Where mortdity was the *effect”’, the median
was calculated by excluding test results from the higher sdinities (i.e., 4,000 and 8,000 mg/L) if no test
animds survived the experiment. The ECs, for fathead minnow growth was only 10% lower than that of
survivorship.

This experimenta data reveded that, as exposure time increases, nonletha effects such as reduced
growth and reproduction begin to be observed as animds (and diatoms) are stressed by higher sdinities.
The 7-day ECs, datais plotted on Figure 7-1, using the lowest vaue for a given species and life history
gtage from Table 7-6. This data shows that chloride becomes toxic a concentrations ranging from 874-
3,330 mg/L for 7-day exposures with a geometric mean of 1,718 mg/L CI versus 2,288 mg/L CI for
the 7-day LCs, data. Concentrations of this magnitude have been associated with ditches, urban creeks,
urban rivers, and in smal, urban lakes in areas such as Toronto. For example, the median December-
February chloride concentration in Mimico Creek was ca. 840 mg/L CI over the 1989-1995 period:
creeks such as Etobicoke and Highland have devated chloride concentrations in this range during some
winter periods (Figures 4-2 and 4-3). Moreover, smal, urban lakes that have chloride concentrationsin
this range may develop anoxic bottom waters, another source of dress to the aquatic community.
Chloride concentrations in this range may occur in wetlands near road-salt storage depots also may be
expected to result in toxic stress to aquatic communities.
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7.4.3 Chronic Toxicity

Most toxicity studies were conducted over periods of one week or less, providing estimates of the
vulnerability of the aguatic ecosystem to brief pulses of evauaed chloride concentrations (i.e,
organisms living in streams, rivers, and ditches). However, organiams living in more dationary (lentic)
waters, such as wetlands, lakes, and ponds, may experience elevated chloride concentrations for
congderably longer periods of time. During this period, non-lethd effects may begin to manifest
themselves in reduced growth and reproductive rates, increased metabolic rates, etc., some of which
may lead to death. Unfortunately, few laboratory studies have investigated long-term, chronic effects.

Two studies were located which investigated chronic toxicity (Birge et d. 1985; Spehar 1987). These
sudies dlow for the caculation of an acute:chronic toxicity ratio which can the be gpplied to the 4-day
LCx data.

Birge et d. (1985) determined the NOEC and LOEC toxicity of chloride to fathead minnow (32 day
test) and Daphnia pulex (21 day test). The geometric mean of these two estimates is the chronic
concentration. For D. magna, the NOEC for reproduction was 314 mg/L CI while the LOEC (27%
reduction in reproduction or number of offspring) was 441 mg/L CI. The geometric mean of these two
vauesis 372 mg/L CI. The 48-hour LCs, for D. pulex was 1,470 mg/L CI, giving an acutechronic
ratio of 3.95. It is important to note that Birge et d.’s (1985) sudies were conducted using
recongtituted water which gave twice the 48-hour LCs, for D. pulex as tests usang naturd waters.
However, for thisexercise, it is assumed that this does not affect acute:chronic ratios.
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Table 7-6:

Seven to ten day L Cs, and ECs, of various taxa exposed to sodium chloride.

Species Taxon NaCl Cl Exposure | Response Sources
(ma/l) | (ma/l)
Ceriodaphnia | cladoceran 2,019 | 1,225 7 days LCs Cowgill and Milazzo
dubia 1990
Xenopus leavis | frog embryo 2,940 | 1,784 7 days LCs Beak 1999
Daphnia magna | cladoceran 6,031 | 3,660 7 days LCso Cowgill and Milazzo
1990
Pimephales fathead minnow larvae, | 5,490 | 3,330 7 days LCso Beak 1999
promelas
Pimephales fathead minnow| 1,440 874 7 days ECso Beak 1999
nromela emhrvos normal
Ceriodaphnia | cladoceran, mean brood| 1,761 | 1,068 9 days ECso Cowgill and Milazzo
dubia gze 1990
Ceriodaphnia | cladoceran, total| 1,761 | 1,088 9 days ECso Cowgill and Milazzo
duhia nroaeny 1990
Ceriodaphnia | cladoceran, mean| 1,991 | 1,208 9 days ECso Cowgill and Milazzo
dubia number of hroods 1990
Oncorhynchus |ranbow  trout egg| 2,400 | 1,456 | 27 days ECso Beak 1999
mvkiss embrvo normal
Nitschia diatom, cdll numbers 2,430 | 1,475 7 days ECso Gonzaes-Moreno
linearais et al 1997
Xenopus leavis |frog embryo, norma| 2,510 | 1,524 7 days ECso Beak 1999
develonoment
Oncorhynchus | rainbow trout| 2,630 | 1,595 | 27 days ECso Beak 1999
mykiss embryo/dvin,  normd
development
Daphnia magna | cladoceran, mean brood| 4,040 | 2,451 | 10days ECso Cowgill and Milazzo
gze 1990
Daphnia magna | cladoceran, total | 4,282 | 2,599 | 10days ECso Cowgill and Milazzo
1990
Daphnia magna | cladoceran, dry weight | 4,310 | 2,616 | 10days ECso Cowgill and Milazzo
1990
Daphnia magna | cladoceran, mean| 5,777 | 3,506 | 10days ECso Cowgill and Milazzo
number of broods 1990
Pimephales fatheed minnow larvee,| 4,990 | 3,029 7 days LCso Beak 1999
promelas growth
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Birge et d. (1985) reported that the NOEC for the 33-day early stage test for fathead minnow was 252
mg/L CI and the LOEC (9% reduction in survivorship) as 352 mg/L CI' giving an estimated chronic
vaue of 298 mg/L CI. The 4-day acute toxicity was 6,570 mg/L CI giving an acutechronic ratio of
22.1. The USEPA (1988) included the results of the Birge et a. (1985) study in accessing chronic
toxicity, but used the 353 mg/L CI' (9% reduced surviva), and 533 mg/L CI' (15% reduction in
survival) to cdculate the chronic concentration (433 mg/L CI) and acute:chronic ratio (15.2).

USEPA (1988) cited a study by Spehar (1987) which used early life-stages of rainbow trout. All trout
were killed at a concentration of 2,740 mg/L CI while surviva was 54% at 1,324 mg/L CI' and 97% or
higher at 643 mg/L CI as well as a two lower concentrations and the control. No further details are
provided on this acute study. USEPA estimated the chronic value at 922.7 mg/L CI' (the geometric
mean of 1,324 and 2,740 mg/L CI) and the acute:chronic ratio as 7.31.

The USEPA, which uses the Spehar (1987) study and a lower vaue for Birge et d.’s (1985) fathead
minnow study estimated a geometric mean acute:chronic ratio of 7.6. If an estimated 4-day LCs is used
for D. pulex, as described above, this mean acute:chronic ratio becomes 6.98. Birge et at. (1985) and
USEPA (1988) cdculated the geometric mean of the various chronic ratios to estimate a Find Chronic
Vaue (FCV). Birge e d.’s study provides a concentration estimate of 333 mg/L while the USEPA
sudy provides an estimate of 226.5 mg/L. USEPA dso edimated Fina Acute Vdue (FAV) by
cdculating the geometric means of acute toxicity datafirg a the species and then a the genus level. The
mogt sengitive genus was Daphnia providing aFinal Acute Vdue of 1,720 mg/L CI.

A mean acutexchronic ratio of 7.59 is used to predict the chronic values for the organisms shown in
Figure 7-1 for the 4-day exposures to elevated chloride concentrations. This curve represents the range
of vaues a which organisms may begin to respond to long-term exposure to devated chloride
concentrations. Concentrations range from 194-1,724 mg/L CI' with a geometric mean vaue of 570
mg/L CI.

Concentrations a which chloride may begin to have chronic impacts on aguatic communities ranged
from alow 194 mg/L CI for sengtive species, such as Ceriodaphnia dubia, to 327 mg/L CI for the
snal, Physa gyrina, to 561 mg/L CI for the caddisflies, Anaobolia nervosa and Limnephilus stigma,
to 1,036 mg/L CI for bluegill sunfish (Figure 7-1). Chloride concentrations is this range have again been
observed for sdt-impacted creeks, rivers, and lakes in urban areas and in lakes and wetlands
contaminated by leakage from road salt depots.

7.4.4 Short-term to Long-term Toxicity

A family of curves can be prepared based on chloride toxicity following 4-day, 7-day, and predicted
long-term (chronic) exposures (Figure 7-2). Experiments of one day or less were excluded because
they were few in number. For 7-10 day toxicity, the curve is based only on ECs, data. Data was plotted
on alinear-log scade and SigmaPlot 5.0 was used to fit the data to a Sgmoid modd and caculate the
95% confidence intervas. This provided a smilar curve fitting described in the guidance Manud
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(Environment Canada 19974). Curves follow the anticipated pattern with organisms becoming more and
more sendtive to chloride following prolonged periods of exposure.

As previoudy noted, this toxicity data was generated using laboratory species that are rlatively hardy
and capable of being maintained in culture for extended periods of time. Moreover, they are well
maintained with a steady and sufficient food supply and, except for the test conditions, assumed to be
under ided conditions. In the naturd world, the vast mgority of species are likely to be consderable
more sengtive to toxic stress. Moreover, except during brief periods of time, they may be under food
limitation and other physologica stresses. Highway runoff contains not only sodium chloride sdts but
other condtituents of road salt, metads, PAHS, and other contaminants which may stress organismsin the
recelving water body. Therefore, this family of curves should be viewed as consarvative estimates of
dress resulting from eevated chloride concentrations from road sdt in the natural environment.

Figure7-2.  Predicted chronic and actud (four days and 7-10 days) chloride toxicity levels for
aquatic organisms
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Predicted chronic toxicity dso can be shown in tabular form with confidence intervas (Table 7-7).
Approximately 10% of tested species are predicted to experience acute effects as a result of long-term
exposure to chloride concentrations as low as 240 mg/L; the upper 95% confidence interva is 295
mg/L while the lower intervd is <194 mg/L. Fifty percent of the taxa are affected by a long-term
exposure to chloride concentrations of 541 mg/L. while 90% are affected at 1,018 mg/L. These effects
are based on laboratory studies and do not take into account the more subtle interactions and effects
which may occur in the naturd world where there are a variety of stresses in the environment and
Speciesinteractions.
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Table7-7: Predicted cumulative percentage of species affected at various chloride concentrations

(mg/L). Also shown are the upper and the lower 95% confidence limits, data from

Figure 7.2.

Cumuletive % of Mean Chloride Lower Confidence Upper Confidence
Species Affected Concentration Interval Interval

10 240 <194 295

25 382 360 404

50 541 525 556

75 789 769 810

90 1,018 886 1,200

As previoudy noted, Schroeder and Solomon (1999) conducted a formd investigation of chloride
concentrations and toxicity at three stations on the Don River. Chloride data collected from November
to April 1995 (or 1996) was plotted as cumulative frequency graphs. Next acute LCs, data for 13 fish
and 7 invertebrate taxa was plotted on the same graph. Experiments were at least 24 hours in duration,
but the total duration of each experiment was not given. This gpproach can be refined using toxicity data
categoried by timeintervasasin Figure 7.2.

Using a Similar gpproach as Schroeder and Solomon (1999), we plotted the November-April chloride
data for the Don River at Pottery Road for the 1990-2000 period as a cumulative frequency distribution
(Fig. 7-3). This ste was salected because of the large number of observations. However, instead of a
sngle toxicity curve, we plot the acute (4-day) and predicted chronic data on this curve. Chloride
concentrations ranged from 11-2,610 mg/L and averaged 282 mg/L. Consdering first the 4-day acute
toxicity data, the two most sensitive species experience acute chloride toxicity a concentrations of ca.
1,480 mg/L. Chloride occurs in these winter concentrations for ca. 2% of the observations. Thus, acute
chloride toxicity may be uncommon at the ste athough it must be remembered that the toxicity data
probably underestimates community sensitivity. Considering next chronic toxicity, 10% of the taxa
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Figure7.3: Cumulaive frequency didtribution of November-April, 1990-2000, chloride
concentrations in the Don River a Pottery Road. Also shown is the predicted chronic
and measured acute toxicity data from Figure 7-2. The 10% and 90% percentiles
appear as solid lines.

Experience chronic toxicity at concentrations as low as 240 mg/L. Such concentrations occur
goproximatey 31% of the time a the Don River Pottery Road ste. While smilar such cdculations have
not been made for other riversin the Toronto area, with mean chloride concentrations of 135-220 mg/L
(Table 4-1), such aguetic systems are likely to be chronicdly toxic to a sgnificant fraction of the biota
over mgor time intervals. Smilarly, devated chloride concentrations in contaminated springs (Williams
et d. 1999), lakes such as Chocolate (Kelly et a. 1976), and ponds near highways (Watson 2000) are
likely to exert chronic toxicity effects on aguatic communities.

156



It is indructive a the point in the review to consder various water qudity criteria that have been
developed for chloride and/or <dinity. Such criteria provide for a further assessment of the
concentrations a which chloride (or sdinity) islikdly to have adverse effects on the aguetic environmen.

7.5  Water Quality Criteriafor Chloride

Various agencies have developed water qudity criteriafor chloride in order to protect aguatic life from
harm. These criteria dso can be used in the assessment of the potentid toxicity of chloride from road
stsin the Canadian environment.

751 Birgeet al. (1985)

Birge et d. (1985) recommended that, in order to protect aquatic life and its uses, for any consecutive
3-day period:

1) theaverage chloride concentration should not exceed 600 mg/L;

2) the maximum chloride concentration should not exceed 1,200 mg/L;

3) chloride concentrations may average between 600-1,200 mg/L for up to 48 hours.

The 1,200 mg/L vaue was determined from an investigation of benthic community structure and fish
survivorship at 7 sites downstream of a salt seepage. Survivorship and diversity was lower at the 1,000
mg/L than the 100 mg/L site and further reduced a the 3,160 mg/L Ste. In the |aboratory, toxicity
sudies determined a Find Acute Vaue of 760 mg/L chloride and a Find Chronic Vaue of 333 mg/L
chloride.

7.5.2 United States Environmental Protection Agency (1988)

The USEPA (1988) has developed ambient water quality criteria for chloride. They concluded that
except possbly where a locdly important species is very sendtive, freshwater organisms and their uses
should not be affected unacceptably if:

1) the 4-day average concentration of chloride, when associated with sodium, does not exceed 230
mg/L more than once every three years on average;

2) the 1-hour average chloride concentration does not exceed 860 mg/L more than once every three
years on average.
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They aso noted:

1) these criteria will not be adequately protective when the chloride is associated with potassum,
cacdum, or magnesum;

2) because animas have a narrow range of acute sengtivities to chloride, excursions above this range
might affect a substantid number of species.

The Criterion Maximum Concentration, 860 mg/L CI, was obtained by dividing the Find Acute Vdue,
1,720 mg/L CI by 2. The Find Chronic Vaue, 230 mg/L CI, was obtained by dividing the Find
Chronic Vadue by the Fina Acute:Chronic Ratio, 7.594.

If these USEPA criteria were gpplied to Canadian waters, a number of Situation urban creeks, rivers,
and lakes would be above these recommended guiddines. Unfortunately, Canada has not developed a
water quality guiddine for the protection of aguatic life. Other guidelines have been developed as
described below.

7.5.3 Canadian Water Quality Guidelines. Freshwaters

The Canadian Council of the Minigters of the Environment (1991) has developed a number of water
quaity guiddines, including for chloride, athough none of these are for the protection of aguetic life.
These guiddines are asfollows:

1) For Canadian drinking water, chloride concentrations should not exceed 250 mg/L. Thisrationaeis
based on taste rather than human hedlth considerations. Guiddlines are identica in Quebec.

2) For irrigation waters, sendtive plants should not be irrigated with waters >100 mg/L CI while
tolerant plants can be irrigated with water up to 700 mg/L CI. This guiddine suggests tha some
sendtive wetland and aguatic plants would be adversdy affected by growing in road st
contaminated waters at chloride concentrations as low as 100 mg/L. Quebec maintains identica
guiddines.

3) Livestock can be safely watered with concentrations up to 1,000 mg/L CI, however, at
concentrations of 1,000-3,000 mg/L livestock hedth may become impaired. This guideline suggests
that terrestrid animas obtaining their drinking water from streams, marshes, and ponds would have
their hedth impaired at these chloride levels. Some animas may be even more sengtive to chloride
(i.e., a concentrations <1,000 mg/L). Thereis no specified standard in Quebec.

4) In Quebec, aguatic life suffer acute toxicity & minimum chloride concentrations of 860 mg/L.
Chronic toxicity occurs at chloride concentrations of 230 mg/L and any increases must not exceed

10 mglL.
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5) One of the gods of sustainable development is to manage naturd resources so that they are not
damaged for future and/or other uses. A number of industries, most notably the food and beverage
industry, require the use of waters with chloride concentrations of <250 mg/L.

7.5.4 Canadian Water Quality Guiddlines: Marine and Estuarine Life and Wildlife

The Canadian Council of the Ministers of the Environment (1991) has developed an interim water
qudity guiddine for sdinity (expressed as parts per thousand) for the protection of marine and estuarine

life. Specificaly:

“Human activities should not cause the sdinity (expressed as parts per thousand) of marine and
estuarine waters to fluctuate by more than 10% of the naturd sdlinity expected at that time and
depth”.

This guiddine was developed from guidelines issued by other jurisdictions. Highlights of these are as
follows

1) For Alaska, the maximum dlowable variaion above natura sdinity is 1 g/L if the naturd sdinity of
the habitat lies between 0-35 g/L and 2 g/L if the naturd sdinity of the habitat lies between 3.5
135¢g/L.

2) For eduarine waters in British Columbia, the maximum alowable sdinity change is +10% of the
neturd sainity. Furthermore, the maximum 24-hour change in salinity should not exceed 1 g/L if the
habitat lies between 0-3.5 g/L.

3) The European Community requires that discharges affecting shellfish waters not cause the sdinity of
the receiving water body to be exceeded by more than 10%.

4) For the United States, no changes in channels, basin geometry of the area, or freshwater inflow
should be made that would cause permanent changes in isohdine (salt concentration lines) of more
than 10% of the natura variation. Furthermore, the maximum 24-hour change in sdinity should not
exceed 1 g/L if the naturd sdlinity of the habitat lies between 0-35 g/L.

5) For Western Audrdia, water qudity parameters should be maintained at pristine or ambient levels
where gpplicable. For Class 1 (maximum protection) waters, unnatura influences should not change
the seasond mean sdinity, measured preferably over 5 years, by more than 25% of the standard
deviation, nor change the salinity beyond the range recorded over that period for waters requiring a
minimum or high level of protection.

Seawater is predominately sodium and chloride. A 1 g/L change in sdinity roughly corresponds to a
chloride concentration of ca 600 mg/L. EStuarine organisms are adapted to fairly wide variations in
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sinity. It is highly probable that freshwater organisms would have a consderably lower tolerance to
elevated dinity (and chloride) levels.

7.6

1

2)

3)

4)

5)

Genera Conclusions

To date, thereis limited evidence of road sdt impacts on aguatic ecosystems in Canada. Thisis due
primarily to the lack of study. Data which has been located suggests that areas in the Toronto,
Ottawa, Montreal, Quebec corridor, parts of New Brunswick, Nova Scotia, centra British
Columbia, and Alberta may be paticulaly vulnerable to adverse impacts from road <t
goplications. Modding sudies by other ERG members support this conclusion.Documented
chloride concentrations in snow melt, drainage ditches, storm sewers, and urban creeks in heavily
developed urban areas reach concentrations that are toxic to aqueatic life for exposures as short as
one day. Concentrations from leaking road sdt depots also reach toxic levels for exposures of 1
day or less.

Documented chloride concentrations in snow melt, drainage ditches, ssorm sewers, urban creeks
and rivers in heavily developed urban areas, such as the Toronto area, can reach concentrations
which will be toxic to some aguatic life for exposures of 4 days. While laboratory toxicity studies
suggest that only 10-15% or less of creek populations may be affected, this is likely to be an
underestimate because laboratory populations typicaly are consderably more tolerant that wild
populations. Documented chloride concentrations from leaking road salt depots also reach these
toxic levels.

Few studies have determined toxicity at 1-week exposures. LCs, vaues are lower (geometric mean
2,288 mg/L CI) than a 4-days. Responses other than mortdity begin to appear when cladocerans
and early life history stages of fish are tested. ECs values decline with a geometric mean of 1,718
mg/L CI. Chloride concentrations in this toxicity range have been observed in urban creeks,
athough the duration is unknown. Concentrations in this range have been observed in wetlands near
road st depots and, in extreme examples, in shalow urban lakes.

Chronic toxicity was estimated from 4-day toxicity data and ranged from 200-1,875 mg/L CI' with
a geometric mean of 578 mg/L CI. Chloride concentrations in this range have been observed in
urban creeks in the Toronto area; the duration is unknown. Concentrations in this range have been
observed in wetlands near road sdt depots and, in extreme examples, in shdlow urban lakes.
Changes in dgd species compogition have been associated with changes in chloride concentration in
this range.

In the United States, a number of lakes in well-populated sates have shown small increases in
chloride concentrations, including lakes in rurd aress. Recent studies involving phytoplankton,
suggest that dgd communities are responding to such increases that are smal and below the levels
consdered toxic. Nevertheless, it is probable that small changes in sdinity (and chloride) will exert
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subtle impacts on aguetic ecosystemn dructure and productivity. A similar Stuation may be occurring
in Canada, particularly in southern Ontario, Quebec, and the Maritimes.

6) Road sdt goplications are resulting in chloride concentrations in many Canadian agutic
environments that exceed the USEPA’s criteria for chloride and the protection of aguatic life, many
of Canadd's water quality guidelines for chloride in freshwaters, and sdinity guideines established
for the protection of estuarine and marine waters.

7.7 Conclusion

Based on the generd conclusions outlined above and the earlier discussions in this report, road sdt is
viewed as CEPA toxic according to the definition of “having or that may have an immediate or long-
term harmful effect on the environment”. This concdusion is developed more fully in the last section of
this report.
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8.0 GENERAL DISCUSSION

8.1 A Brief Overview of the Roadway and the Human Environment

Today's driving population conssts of a broad assemblage of drivers; from the high school student just
learning how to operate a vehicle, to the dderly driver who is dependent on hisher vehicle for
essentids, such as shopping and doctor’'s gppointments, from the immigrant with limited driving
experiences to the highly trained truck driver with hundreds of thousands of kilometers of driving
experience; and from the vacation traveler enjoying a scenic drive through a mountain range, to the busy
office worker driving on amulti-lane highway and conducting business on hisher cdlular telephone.

It has been dmost one hundred years snce the commercidly viable automobile was first desgned.
There has been a tremendous evolution in the automobile from a smal, unrdiable, low-speed vehicle
initidly driven by asmdl segment of our society, to adiversity of highly-reliable vehicles operated by dl
segments of society and frequently driven at gpeeds of 100 kilometers per hour and greeter. The
modern highway thus carries a vast multitude of drivers with different driving experiences, priorities, and
reasons for being on the roadway. All must safely share these limited lanes of roadway space as they go
about their travels.

The varieties of vehicles on the roadways dso have increased immeasurably since Henry Ford's time.
At any onetime, the roadway is carrying passenger vehicles from compact to full-sze sedans, dl terrain
vehicles, pickup trucks, and an increasing number of trucks towing two or three cargo containers. The
nature of the cargo aso has diversfied. When the automobile was first designed, it was used primarily
for carrying passengers and generd goods, such as household effects, agricultura and forestry products.
While the nature of products carried by the modern car has diversified, the greatest diversity has been
with trucks: the modern truck now carries a myriad of manufactured equipment and products, including
numerous items now considered dangerous goods.

As use of the automobile and related vehicles has increased, so has the safety of such usage. The
earliest automobiles had relatively modest safety features by today’s standards — a horn, lights, and an
enclosed passenger compartment, to mention a few. However, as accidents, injuries, and desths
increased with automobile use, improved safety features were designed to minimize such mishaps. For
example, vehicles were designed to include such fegtures as collapsble steering columns, safety glassin
windshidds, improved braking systems, seatbdts, arbags, etc. Manufacturers continue to work
towards improving the probability that drivers will avoid accidents and drivers and passengers will
survive those that cannot be avoided. Safety features also have been designed into cargo containers to
protect the public and environment from damage incurred by the accidenta release of cargo onto the
roadway and surrounding environment.

Governments work together in a variety of ways to protect the well-being of the driving public. The
underpinnings of such protection are firmly basad in legidation. Without such legidation, there will
adways be smdl segments of society who unknowingly or ddiberately operate the vehicles in unsafe
manners. Legidation dso dlows society to respond rapidly to new knowledge in waysin which to avoid
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societd and environmental harm. (One of the most notable examples is the speed with which arport
security changed following afew highly publicized aircraft highjackings).

Laws are designed and enacted to regulate and enforce safe driving conditions. Roads and highways are
designed to incorporate safe driving features, and lega speeding limits are posted: signs dso are posted
to warn of potentiad driving hazards ahead, such as curves or bumps in the road and lane mergers.
Limits are proscribed on when cars can be passed and speed limits may be temporarily reduced during
road congtruction.

The government aso ensures that roadways are maintained in safe conditions. Damaged roadways are
repaired, obstructions removed, and roadways upgraded as their carrying capacity is exceeded. Roads
are ploughed to remove snow and abrasives agpplied to improve traction during cold, dippery
conditions. In many regions of Canada, roads can require grooming from as early as October to as late
as April. The actud nature and intengity of such grooming varies regiondly, both on a provincid and a
municipd scde. For example, road sdt is applied more frequently to roads in Ontario than in
Saskatchewan where abrasives are more widely used. Municipalities aso give priority to roadways that
are groomed.

Regulations are passed to govern how vehicles are to be operated. Thisis to protect the public and the
environment from the adverse impacts of vehicle use. Driving regulations are well known to the public
with a variety of prohibitions on driving speed, passng lanes, and direction and timing of traffic flow.
The tolerance for driving under the influence of acohol continues to be lowered. Every driver requires
licenang with the license redtricted to vehicle class. For professond truck drivers, there are limitations
on the number of hours that can be driven daily, amnong other regulations. For many jurisdictions,
automobiles must undergo safety inspections before the annud license plate can be renewed:
commercidly operated vehicles have even more stringent licensing ingpection requirements. Inspections
ae desgned to ensure that the vehicle can be operated safdy, consdering both humaen and
environmenta wel being.

Regulations adso have been developed to protect the environment againgt the adverse impacts of vehicle
use. For example, over the last few decades, has been a shift from leaded to unleaded gas and catdytic
converters are now a required feature of the modern vehicle. Regulations also have been passed on
congruction designs of fuel storage tanks. Fud lesking from underground and surface storage tanks may
contaminant the environment and pose other hazards. Recycling is now required for the disposd of
waste oil, used tires, and other automobile parts. It isillegd for the homeowner to pour used oil down
the sawer drain or on the country lane. The use of Freon gasin air conditioners is now highly regulated
to prevent damage to the atmosphere. New regulations continue to be developed to protect the public
and the environment from the adverse impacts of vehicle use, incuding roadway operaions.
Congderation is now being given to regulations based on the use of road sdt under PSL2 of CEPA.
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8.2 Road Salt Toxicity

The PSL2 assessment defines toxic as “having or that may have an immediate or long-term harmful
effect on the environment”. Road sdt, specificaly sodium chloride, but dso induding potassum,
magnesium, and calcium chloride, is now being assessed in this supporting document for PSL2 toxicity.
Ferrocyanide additives also are being considered under the road salt assessment, but are dedt withiina
separate supporting document (L etts 2000 a, b).

In the course of preparing this literature review and assessment, many approaches were taken to
determine the known extent of chloride contamination in the Canadian environment as a result of road
sdt application. Despite the known concerns with road salt application dating back to the 1970s, a
aurprisingly smal number of research studies have been conducted on road sdt in the environment,
paticularly in Canada. However, unpublished information is available from provincid and municipa
agencies of road sdt use. This information has been compiled and it has been determined that there are
severd areas in Canada where road sdt is being applied rdatively heavily (i.e, southern Ontario,
Quebec, and the Maritimes). Other areas include Alberta and British Columbia.

Many agencies monitor water qudity, including conductivity and chloride concentrations. The vast
mgority of thisinformation has not been synthesized into forma publications. That information which has
been synthesized (or obtained) portrays a broad characterization of eevated chloride leves in the
Canadian environment which can be associated with road sdt usage. Studies conducted in Quebec and
the Maritimes tend to report rdatively low devations in chloride concentration (<500 mg/L CI) in the
aquatic environment. No studies were located reporting elevated chloride concentrations in Manitoba
and Saskatchewan as a result of road sdt usage; specific information on the impacts of road sdt usage
in Winnipeg was not located in preparing this supporting document. Similarly, Alberta has not reported
ggnificantly increased chloride concentrations in the environment as a result of road st usage
concentrations in snowmelt settling ponds are monitored. Increases in chloride concentrations in major
prairie rivers agppear to be minor. In British Columbia, problems with road salt use gppear to be limited
to leakage from road salt storage sites and dumping road salt-contaminated snow into two lakes.

By far the greatest known impact of road sdt usage on the aguatic environment occurs within streams,
creeks, and smdl rivers in the broader Toronto area, including municipdities such as Waterloo and
Burlington. It is not uncommon for streams to reach chloride concentrations of 1,000 mg/L and grester
during winter when road sdt is gpplied. As a consequence, concerns have been raised regarding the
contamination of groundwater in this area. Given the rapidly expanding populaion aong the northern
shores of lakes Erie and Ontario and, to a lesser extent, along the St. Lawrence River and parts of the
Maritimes, this Situation can reasonably be expected to worsen over the upcoming decades.

In the course of this review, information was obtained on chloride concentrations in different types of
environments and on the chronic and acute chloride toxicity in the environment. On the basis of this
review, it was possible to develop a number of brief scenarios where the chlorides from road sat may
condtitute a clear and present hazard to the environment.
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8.2.1 Road Salt Storage Sites

Chloride concentrations frequently are elevated in surface and groundwater near sat storage depots and
patrol yards (Morin et d. 2000). Chloride concentration in leachate may reach 66,000 mg/L CI' and
concentrations as high as 12,400 mg/L CI' have been reported for one bog contaminated by runoff from
an improperly maintained depot. Chloride concentrations in this range can be acutely toxic to a wide
variety of aguatic organisms within a matter of hours.

While the maintenance and design of road sdt storage Sites continues to be improved, it is dso evident
that the operation of such dtes unless they are closdly regulated, does present a hazard to the
environment. Leskage from such sites has severdy contaminated groundwater and damaged bogs. In
other ingtances, small lakes located near such storage sites have become meromictic. Although only the
agad community has been studied in these case higtories, it is highly likely that dl components of the
aquatic ecosystemn were adversely impacted, including benthic invertebrates and fish. While only a few
studies have been located documenting such instances, they are probably much more widespreed. It is
the lack of detailed environmentd impact assessment dudies around such facilities that limits our
knowledge of such occurrences.

8.2.2 Snow Dump M€t

Snow collected from roadways to which road sdt has been agpplied has reported chloride
concentrations reaching up to 2,000-10,000 mg/L. Chloride concentrations in this range can be toxic to
avariety of organisms a exposure levels of one day or less (section 7; Snodgrass et d. 2000). In order
to protect the aguatic and terredtria environment, safe practices must be used in disposing of
contaminated show. Many of the larger municipdities have developed procedures to minimize
environmentd damage from snow dumping. Edmonton, for example, has congructed specific
containment aress to accumulate snowmelt and to alow for the sedimentation of particulates, including
asociated organic and inorganic contaminants. Montred and Winnipeg dso limit where snow can be

dumped.

However, it is not known whether dl jurisdictions are usng safe practices in snow dumping. It seems
likely that, without regulation, Stuations are or will be occurring where environmentdly unsafe practices
are being followed, mogt likely unknowingly. Smadler municipdities, with more limited resources, may be
particularly vulnerable to such procedures. There is a need for regulations to limit the environments into
which chloride-contaminated snow is dumped. For example, chloride-contaminated snow should not be
dumped into wetland areas, on devated areas over looking smdl streams, nor routingly dumped on
aress overlooking smal lakes with limited water exchange. Small, relaively deep lakes are especidly
vulnerable to chloride contamination and the formation of meromixis. Road sdt contaminated snow aso
should not be dumped near groundwater recharge areas. Since roadway snow contains a variety of
inorganic and organic contaminants, including particulates, regulations should be developed to goply to
the dumping of al snow, regardiess of whether it contains road sdlt.
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8.2.3 Weakly Diluted Highway Runoff

Undiluted highway runoff, like snow dump runoff, can reach concentrations of 2,000-10,000 mg/L CI.
Such concentrations can be acutely toxic to a variety of organisms that live near these concentrated
chloride sources. The actud area affected is a function of the volume of weskly diluted highway runoff
relative to the Sze and dilution capacity of the terrestrid/aguatic environment.

To date, the only examples of chloride concentrations in the 2,000-10,000 mg/L range that were
located, were confined to the greater Toronto area and to Smilar regions of dense populations and
highways in the United States. However, because chloride levels in runoff have not been routingly
monitored in the vast mgority of jurisdictions, it is highly probable that chloride concentrations in
highway runoff in the 2,000-10,000 mg/L are more commonly encountered than our brief review of the
literature would suggest. Such elevated chloride concentrations are dependent upon the amount of road
sdt the operator applies to the road, the amount of snowmelt immediately following this application, and
to meteorological conditions immediately following road st dispersd.

While road sdt running off the roadway surface enters an artificid environment inhabited by the most
hardy of organisms and possibly of limited concern from aregulaory viewpoint, it dso beginsto transfer
to the soil environment as snowmelt percolates downwards. In some senses, the roadway can be
viewed as a semi-permeable wound in the terrestrid landscape, with the highway edge the opening
through which “infections’ (environmental damage) begin to gain a foothold. Sodium in the road sdt
replaces cacium in the anion exchange and the soil becomes depleted of calcium and magnesium (Jones
and Jeffrey 1986). The soil then may become akaine reaching pH vaues as high as 9 or 10. Inorganic
and organic colloids become dispersed a these higher pH vaues and move down the soil profile.
However, organic matter and salt can move towards the surface with water evgporation. The soil
surface may be darkened by the organic matter or whitened by the sdt. The occurrence of road sat-
whitened soil (and vegetation) appears to be a common occurrence in the Maritimes and presumably
elsawhere where road sdt is gpplied. Road sdt gpparently occurs in sufficient concentrations in these
environments to serve as an attractant to moose, deer, and other wildlife (see Section 4.11; Cain et 4.
2000). During spring and summer rainfal, the upper layer of organic matter and sat may be leached
from the soil, improving the qudity of the roadside soil, but potentialy damaging other environments.

Sodium chloride percolating through soils may enhance the mobility of trace dements, such as lead and
cadmium. Amrhein and Strong (1990) reported enhanced mobility at 5,640 mg/L NaCl (3,545 mg/L
CI"), but not at 564 mg/L NaCl (355 mg/L CI), average runoff concentrations. They aso noted that
dilute solutions of sodium chloride and pure snowmet are likely to mohilize metds through the process
of organic matter solubilization and clay disperson. In alater sudy, Amrhein et d. (1992) reported that
increasing concentrations of sodium chloride increased the leaching of chromium, lead, nickd, iron,
cadmium, and copper from road sde soils that were contaminated by runoff from roads that were
subject to heavy traffic and road sat application. Copper, nickel, and iron concentrations often
exceeded U. S. criteria for the protection of freshwater aguetic life. While they argued that toxicity
should be reduced by the complexation of these metals with organic matter, it is aso possible thiswould
be counterbaanced by synergigtic reactions. In a later study, (Amrhein et a. 1993) concluded that
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roadside soils contaminated by sodium chloride from deicing operations could be contributing to the
mobility of trace metds to groundwater through colloid-assisted transport.

While metds entering the environment from the roadway and from transformations within the road ol
may have toxic effects at eevated concentrations, they dso may have growth enhancing effects at lower
concentrations. Iron and copper are essentid minerds to the well being of mogt living organisms,
including agae, a the base of the food web. Minerals such as calcium, magnesum, and potassum aso
are essentid to the well being of mogt organisms. Highway runoff thus may promote the availability of
mineras to downstream aguatic communities. For example, Pugh et d. (1996) reported an increase in
the availability of these nutrients to a peet bog that was contaminated by road sdt runoff. The bog ran
pardld to the Interstate Highway 95 over adistance of ca. 1 km. Birch Stream was located immediately
east of the bog and at an gpproximately 1-2 m lower eevation than the highway. Approximately 90% of
the road sdlt gpplied to the highway is trangported into this stream each spring.

Weskly diluted highway runoff can thus be viewed as a solution that is potentidly toxic to a variety of
organiams following exposure times of hours to a few days. Toxicity will be due not only to chloride
sdts, but to the myriad of other contaminants carried in the runoff — metals, PAHS, suspended solids,
oils, and greases. Runoff percolating into roadside soil can initiate a variety of physical and chemica
transformations, which can ultimately impact roadsde vegetation as the pH and various chemica
properties of the soil, are transformed. Thisis dedlt with more fully in Morin et d. (2000) and Cain et d.
(2000). In addition, aquatic and terrestrial ecosystems can be impacted as later runoff (e.g., pring and
summer rains) trangport metas, other ions, organics and clays into these downstream systems.

Agencies are developing procedures to reduce the amount of chloride sats applied to roadways. Lower
concentrations of chloride salts are being applied now compared to 10 or 20 years ago. Nevertheless,
various circumstances can occur which may result in highly concentrated chloride sdts in runoff. This
would include vegetation dong the roadway, and smal water-bodies with week dilution capacity (e.g.,
ditches, smdl, weekly flowing creeks, and wetlands). There is a need to develop improved
environmenta regulations to protect such environments from the adverse condituents contained in
roadway runoff, including road sat. Engineers who design highways must take into account features
such as runoff and the carrying capacity of the landscepe on ether sde of the roadway. This
information, aong with more detailed environmenta information on festures such as wetlands, smal
streams, bogs, groundwater recharge areas can be incorporated into Geographic Information Systems
(GIS) to identify areas which are particularly sendtive to damage from highway runoff, including road
sdt. Mitigative actions can be taken, including channding highway runoff into sorm water collectors, or
impermesble drains, for digposa into less vulnerable aress.

8.24 Moderately Diluted Roadway Runoff
Reatively few studies were located which reported elevated concentrations of chloride in the Canadian

environment as a result of moderately diluted road sdt runoff. This probably is due to the fact that
highway runoff entering most creeks and streams is, in fact, rgpidly diluted. It aso is due to the fact that
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there have been few studies specificdly investigating chloride concentrations in those streams, creeks,
and smdl rivers which are vulnerable to significantly elevated chloride concentrations. Examples of such
vulnerable ecosystems are creeks and wetlands in areas where road sdlt is being heavily gpplied and
where the creek runs pardld to the highway for a sgnificant distance. In addition, smal creeks and
wetlands at the base of a long sretch of highway can reasonably be expected to be impacted by
highway runoff; such creeks and wetlands will have an extensive highway caichment area rdaively to
the entry point of the runoff into those agquatic ecosystems. Creeks, streams, and small rivers in urban
areas a0 could be expected to receive sgnificant quantities of moderately diluted roadway runoff.

Numerous studies conducted in creeks, streams, and small rivers in the Toronto area, have shown that
chloride pulses of 1,000 g/L and grester commonly occur during the winter months. Concentrations a
this leve are likely to be stressful to aguatic organisms, particularly if such pulses lagt for two or three
days. Unfortunately, there is little information on the duration of such pulses. However, based on the
frequency at which eevated chloride concentrations have been observed in the Don River (Schroeder
and Solomon 1999), chloride pulses may be acutdly toxic to a significant fraction (10% or more) of
organisms in Toronto area creeks during various periods of winter road salt gpplication. These toxicity
edimates are based on laboratory studies involving hardy organisms that are readily maintained in
culture. As previoudy noted, these organisms are in excdlent condition being maintained at optimum
temperatures with a congtant food supply. In the red world, organisms experience many sresses
including food limitation, fluctuaions in temperature, etc. In addition to sodium chloride and other
chloride sdts, highway runoff contains many potentid toxicants, including metals, PAHS, oils and
greases, and suspended solids. These toxicants may act synergidticaly, enhancing sodium chloride
toxicity.

The impacts of eevated chloride concentrations on creeks, streams, and smdl rivers are poorly
understood. This is because few studies have been conducted in these waters, particularly investigating
the impact of road sdt. The mog likdy impacts include some mortdity for immobile or trapped
organisms, movement of organisms away from such runoff through increased benthic drift and active
svimming, and some changes in the periphyton and microbid communities. As previoudy noted,
highway runoff contains a variety of toxicants including metas, organics, oils, greases, and suspended
solids. Suspended solids eventudly settle in depositiond areas and have a more direct and permanent
impact on the stream, wetland, and pond community. Such effects occur through the smothering and
toxic effects of metas, organics, and other contaminants. Contaminants associated with fine slts and
clays may become very concentrated in such depostiond areas. While the toxicity of some metals may
decrease with increesng <dinity (HdAl and Anderson 1995), increased sodium and chloride
concentrations in runoff facilitates the entry of these metds into the aquatic environment.

Moderately dilute highway runoff containing elevated chloride concentrations has been shown to affect a
number of urban lakes. The most common phenomenon has been the development of meromixis and the
formation of oxygen-depleted bottom waters. Such conditions are stressful to bottom living organisms.
Furthermore, such conditions can enhance the release of toxic metas from the sediments and dgd-
bloom dimulating nutrients, such as phosphorus. Such lakes dso are undoubtedly impacted by
increased loadings of organics, metals, and particulates. Chloride concentrations can increase rgpidly in
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lakes that become incorporated into the urban landscape as the recent study of Bridgeman et d (2000)
suggests.

In a recent literature review, Buckler and Granato (1999) assessed the known biologica effects of
highway runoff condituents for the U. S. Department of the Interior. They noted that, while highway
runoff usudly may not be toxic, tissue anadyses and community assessments do indicate effects in
sediments that have accumulated near highway discharge points, indluding low traffic Stes. While this
review contained relatively few studies of road sdt runoff, it does support the contention that highway
runoff is damaging to the environment and that road sdt will enhance this damage through direct
(chloride toxicity) and indirect (metal mohbilization, synergitic reactions, chronic impacts in depositiona
areas) actions.

It may be argued that periodic pulses of chloride to streams, creeks and lakes in urban areas should be
of little environmental concern because such waters dready are perturbed ecosystems. However, thisis
a wesk argument. It was not that long ago that London, England was blanketed in smog from cod
burning and Toronto is now beginning to experience its own smog problems. Regulations have been and
continue to be developed to restore and maintain air quality. Lakes, such as Erie and Ontario, were
experiencing rgpidly accelerating eutrophication because of the dense human population aong the
shores and the massve reease of nutrients into these lakes from direct sources such as sewage and
from diffuse sources such as agricultura lands. Regulations have and continue to be developed to
restore and maintain water quaity. Increased concentrations of total dissolved solids such as cacium,
aulfate, and chloride (Beeton 1969) also were viewed with concern and action taken to reduce these
inputs.

Many harbors in the Great Lakes were severely contaminated by metds, organics, and nutrients from
industrial and urban activities that began in the mid- to late 1800s and continue to this day. These
conditions were not accepted ather from a human hedth or an environmenta viewpoint and remedia
actions were taken to protect and restore these systems. Many regions around the Great Lakes have
remedid action plans for restoring and protecting these systems. Furthermore, regulations exist for the
protection of urban creeks and streams. they are not extended parts of the sewer and storm water
systems. The current issue is whether this protection is to be extended to include regulations on the use
and subsequent release of road sdt from the roadway surface into the terrestrid and aguetic
environmen.

Urban areas such as Toronto have included in their planning various provisions to protect urban creeks,
streams, and lakes. Parkways often have been developed aong these waterways to provide the public
with anaturd haven from the hectic and artificid features of the urban landscape. It is of vita importance
to the emotiona well being of urban society that such havens continue to be present and thet they be
hedthy. There is a growing expectation that such creeks, streams, rivers and lakes be as smilar as
possible in their features as those found in the naturd countryside, before these creeks, streams, rivers
and lakes were incorporated into the urban landscape. Included in such features are waters free of
toxics and nuisance agd growths and a hedthy, sdf-maintaining population of invertebrates and fish.
Other features include hedthy avian, reptilian, and mammadian communities.
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Artificidly created urban lakes and storm water detention ponds are in a somewheat different category of
aguatic ecosystems. However, the intent of an urban lake is to mimic the naturd world, as much as
possible, and most certainly with respect to ecosystem hedth. Stormwater detention ponds, while
cregted to retain runoff surges, are often located in somewhat naturd settings and are providing habitat
for a variety of wildlife (Bishop et d. 2000a and b). These habitats are becoming of increasing
importance as the urban landscepe and agriculturd industry continue to expand, removing ponds,
wetlands, and creeks from the country landscape. It is essentid that, as urban and agricultural areas
expand, they embrace and not engulf the wetlands, creeks, rivers, and ponds in these areas. Thus,
creeks, smal rivers, sreams, wetlands, and smdl lakes located near highways need to be protected
from environmental degradation by runoff from the roadways and waterways aready incorporated into
the urban and agricultura landscape aso merit protection againgt further degradetion.

Hedthy creeks, rivers and lakes in urban areas serve many important functions. For the human
population, there are recreationa, educationd, and philosophical benefits. There dso are clear
economic benefits as witnessed by the converson of contaminated industria harbor aress into very
popular recreational areas characterized by wakways aong the water course, restaurants, shops, and
opportunities for boating and even fishing. Increasngly, environmenta education is being incorporated
into such regions, informing the genera public of the natura festures and vaue of their environment.

Urban wetlands, creeks and streams serve other functions. Mogt fish spawn in shalow waters which
tend to warm more quickly in the spring than the offshore regions of lakes and larger rivers. Food
sources may be more abundant in such systems and fish fry grow a a more rapid rate than in colder,
larger waters. Moreover, shalow waters provide arefuge from large fish that tend to be found in deeper
waters. Some lake dweling fish gpawn in the nearshore or littoral zone of lakes, but many migrate into
creeks and amdl rivers to spawn. Fish inhabiting larger rivers may aso spawn in the smaler tributaries.
In the marine world, East and West Coast sdmonids migrate into rivers and then up into decreasingly
gmdler creeks to spawn. Eggs lad in the fdl overwinter in a dormant stage, completing their
development in late winter. Conversdy, eds spawn in the marine environment; young eds, cdled the
glass-ed stage, migrate into freshwaters to complete their development to adulthood.

As cities grow in Sze, incorporating more and more wetlands, streams, creeks, and lakes into thelr
boundaries, it is of vitd importance that the hedlth of these ecosystems be protected. Without such
protection, it is likely that important spawning creeks for lake and river fish populations will be log. A
recent study by Bradford and Irvine (2000) related mgor declines in coho samon spawning in the
Thompson River (British Columbia) watershed to a decline in sdmonid productivity due to changing
ocean conditions, overfishing and freshwater habitat dteration. Within the freshwater habitats, the
decline in sdmonid abundance was related to the proportion of agricultura land use (r=-0.50), road
dengty (r = -0.39), and a quditative measure of stream habitat status (r = -0.44), but not to logging (r
= 0.02). While the use of road sdts was not mentioned in this paper, the sudy does suggest that the
increased presence of roads in an aea can be one of many factors adversdly affecting aguatic
communities.
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Based on these various considerations, it seems reasonable to conclude that moderately dilute highway
runoff containing chloride a concentrations of ca. 1,000 mg/L from road sdt running off highways,
leaching from storage depots and patrol yards, and melting from snow dumps does have a harmful effect
on the environment. However, this environment will be locaized and the events may be periodic. The
notable exceptions will be wetland areas and smdl |akes and ponds, particularly those with poor water
exchange. Regulations need to be developed to ensure that the toxicity of highway runoff to the aguatic
environment is minimized and that vulnerable habitets are given specid protection.

8.2.5 Highly Diluted Roadway Runoff

The impacts of chloride concentrations on aquatic ecosystems at concentrations below 1,000 mg/L are
not well understood. It is known that, in some instances, lakes may become meromictic. Degp-waters
then may become anoxic and the release of metads and nutrients from the sediment-water interface is
accelerated. Such occurrences have been limited to shallow, urban lakes or to small lakes located near
road sat storage depots. Studies conducted in the United States are determining that chloride
concentrations are gradudly increasing in many lakes, particularly in lakes located near highways that
are subject to road sat applications.

Chloride, potassum, magnesum, sodium, and cacium are essentid eements to the well being of
organisms. Such dements serve many important biochemicd roles with sodium and chloride being of
especid importance in the organism’s ability to maintain an idedl osmotic pressure within ther cdls. It is
well known that some organisms are adapted to seawaters, other organisms to freshwaters, and ill
others to brackish waters or to saline lakes. Within freshwaters, it is highly probable that some species
are adapted for extremey dilute waters while others require higher concentrations of total dissolved
solids, including chloride sdts. Certainly, within the algal community, species occurrences can be related
to hard versus soft waters just as species occurrences can be related to pH and phosphorus
concentrations. Phytoplankton ecologists are just now darting to develop estimates of chloride optima
for dgee just as previous researchers have developed nutrient and temperature optima. Furthermore, on
the basis of such studies, they are able to infer changesin dga communities that gppear to be related to
increasing chloride concentrations, especialy in lakes located near highways subject to road sdt
gpplication. The actual mechanism of change has not been determined, but does not gppear to be solely
related to phosphorus. Mechanisms could be associated with chloride optima and/or to other factors
asociated with increased chloride (eg., increased movement of trace eements and organics).
Whatever the mechanism(s), it is probable that the many smdl creeks and streams feeding these lakes
have been even more strongly impacted than the lakes themsdlves.

If “harm” is defined as a change from natura conditions and, if the results of the United States limnology
sudies are assumed to apply to smilar regions in Canada, it is reasonable to conclude that road sdt
may have “... along-term harmful effect on the environment”. That is, there are probably many aquatic
environments in Canada where small increases in chloride concentrations from road sdt are having
measurable impacts aguatic community composition and productivity. Increased productivity may be
driven by the sodium chloride itself and/or by the increased movement of nutrients and essentid trace
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elements from road Sde and streamside soils into the system. As chloride concentrations increase,
unknown optimawill be reached in diveraity and production. Further increases in salinity will result in the
osmotic Stress to freshwater organisms adapted to the low sdlinity environment of most inland waters.
The concentration at which sdinity begins to become stressful to most freshwater organisms is not well
characterized, but is believed to occur somewhere between 500-1,000 mg/L sdinity (303-606 mg/L
CI". More senditive species may be affected at even lower concentrations.

8.3 Road Salt and Water Quality Criteriafor Chloride

As noted in Section 7, various agencies have developed water quality criteria for chloride in order to
protect aguatic life (from harm). Specificaly, in the United States, Birge et d. (1985) recommended
that, in order to protect aquatic life and its uses, for any consecutive 3-day period:

1) the average chloride concentration should not exceed 600 mg/L;

2) the maximum chloride concentration should not exceed 1,200 mg/L;

3) chloride concentrations may average between 600-1,200 mg/L for up to 48 hours.

In addition, the United States Environmental Protection Agency (1988) has developed ambient water
qudity criteria for chloride. They concluded that except possibly where a locdly important species is
very sengtive, freshwater organisms and their uses should not be affected unacceptably if:

1) the 4-day average concentration of chloride, when associated with sodium, does not exceed 230
mg/L more than once every three years on average;

2) the 1-hour average chloride concentration does not exceed 860 mg/L more than once every three
years on average.

They aso noted:

3) these criteria will not be adequately protective when the chloride is associated with potassum,
cacium, or magnesum;

4) because animds have a narrow range of acute sengtivities to chloride, excursons above this range
might affect a subgtantia number of species.

Moreover, the Canadian Council of the Minigters of the Environment (1991) has developed a number
of water quality guiddines, including for chloride, dthough none of these are for the protection of aguetic
life. These guidelines are asfollows:

1) for Canadian drinking water, chloride concentrations should not exceed 250 mg/L;
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2) for irrigation waters, sendtive plants should not be irrigated with waters > 100 mg/L while tolerant
plants can be irrigated with water up to 700 mg/L;

3) live stock can be safely watered with chloride concentration up to 1,000 mg/L. However, a
concentrations of 1,000-3,000 mg/L, livestock health may be impaired.

The Canadian Council of the Minigters of the Environment (1991) dso has developed an interim water
qudity guiddine for sdinity (expressed as parts per thousand) for the protection of marine and estuarine
life. This guiddine was developed from guiddines issued by other jurisdictions that emphasize the
concern with rdatively smal excursons in sdinity above (or beow) the naturd sdinity for that water

body of concern. Specificaly:

human activities should not cause the sdinity (expressed as parts per thousand) of marine and
estuarine waters to fluctuate by more than 10% of the natura sdinity expected at that time and
depth.

As previoudy noted, a 1 g/ change in sdinity roughly corresponds to a chloride concentration of ca.
600 mg/L. Estuarine organisms are adgpted to fairly wide variaions in sdinity. It is highly probable that
freshwater organisms would have a considerable lower tolerance to elevated sdinity and chloride levels.

If the USEPA (1988) ambient water qudity criteria for chloride and the CCME's interim sainity
guiddine for marine and estuarine waters were gpplied to Canada s aguatic environments, there are
documented Stuations in which road sat storage and use results in chloride concentrations which
exceed those guiddlines. This is of some concern. In order to reduce the likelihood that road sdt usage
will result in elevated chloride concentrations in the environment, its use and release needs to be
regulated.

84 Conclusion

Road sdt gpplications are resulting in chloride concentrations in many Canadian agudtic environments
that exceed the USEPA’s criteria for chloride and the protection of aquatic life, many of Canadd's
water quality guiddines for chloride in freshwaters, and salinity guidelines established for the protection
of estuarine and marine waters. Therefore, according to this satement and earlier discussons in this
report, road sdt is viewed as CEPA toxic according to the definition of “having or that may have an
immediate or long-term harmful effect on the environment”.

Road sdt has an obvious benefit to the safety of the motorist preventing roadway accidents. Human life
and wel-being are protected, as is the environment, from accidenta releases of toxic compounds
carried by trucks and other vehicles. Nevertheless, like other aspects of roadway use, thereis a growing
requirement for improved human and environmentd protection.
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Manufacturers are continuing to design safer and safer vehicles and legidation continues to be passed
regulating the use of these vehicles, including their waste products. Highway departments continue to
build safer roads. While road sdt undoubtedly will continue to be used for many years, and possibly for
decades to come, it can be used more safely.

Highway departments are continuing to develop improved methods for applying road sdt and to reduce
the amount of sdt that is being used. Storm-water and snow-dump detention ponds serve many
important functions including reducing the rates and amounts at which toxic materids are released into
the environment. Highway engineers routindy consder features such as highway runoff and the
surrounding landscape in designing highways that will carry traffic. Roadways mugt drain reedily of
ranfal and snowmet and must have some permanency (i.e, the road bed must be sable). The
technology dso exigts through GIS applications to incorporate environmenta concerns into highway
condruction and maintenance. With respect to highway runoff, environmentaly senstive environments
can be identified and specid structures designed to protect them highway runoff.

While there are many reasons why road sdt and their additives are required on highways, one centra
reason is that the various segments of the driving population expect to drive at, or above, the speed limit
during virtudly dl weether conditions. Thus, safety features may not be as protective as initidly
expected. For example, some drivers of vehicles equipped with an antilock braking systems believe that
there no-longer is a need to dow down in poor driving conditions. People driving in fog or other
conditions of poor vighility often have a hard time judging their speed of travel and tend to drive fadter.
Thus, while highway agencies routindy use road sdt to provide for a safe driving surface during
snowfdl, these agencies and legidators may wish to congder an dternative, such as the use of variable
speed limits for given roadways which can be changed in a matter of minutes. For example, while the
posted speed on the QEW in Toronto is 100 km/h, the posting of a variable speed limit would
immediately alow the highway/police department to reduce the legd speed limit to 50 kmv/h (or lower)
should road conditions deteriorate. Speed limits could be reduced should visbility suddenly decline, a
snowstorm become eminent, etc. Airports routingly adjust landing schedules with changes in wegther in
the interest of public sefety.

Meteorological agencies continue to provide increasng spatidly detailed coverage of loca westher
conditions. This information could be submitted to highway control. In addition, monitoring stations
could be established aong the roadway a various locations to collect information on road condition,
vighility, and traffic. All of this information could be combined with the appropriate software to identify
gretches of the roadway where it is no longer possible for the average motorist and cargo-towing truck
to safely drive the maximum speed limit. The speed limit could then be immediately lowered through the
use of dectronic speed limit and other warning sgns. On the short term, this would provide further
protection to the public from accidents occurring from motorists exceeding the safe speed limit for that
roadway under those conditions. On the long-term, it could reduce some of the use of road sdft,
providing further protection to the environmen.

There are additional environmental requirements with respect road sdt and the environment. Firs,
existing water quaity monitoring data needs to be synthesized to better characterize the impact of road
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sdt on chloride levels in various compartments of the aquatic environment. Second, studies need to be
conducted to assess the environmental status of streams and other aquatic environments that are subject
to sgnificant highway runoff, particularly those contaminated by road sdt. As part of such sudies,
factors affecting the aguatic communities need to be assessed (eg., chlorides, metds, PAHS,
particulates). There dso is the need to assess lakes in regions where highway development is Sgnificant
to determine whether chloride levels are increasing. Findly, mesocosm studies should be conducted to
asss the impact of road sdt of aguatic communities, both for short pulses of highly eevated runoff and
more gradua, but persistent low-level additions.
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APPENDIX A: Summary Of The Regional Effects Of Road Salts On Aquatic Ecosystems

Table A-1: Maritime regions of Canada (Newfoundland, Nova Scotia, New Brunswick, and Prince Edward Idand) and the United States.
Ecological Specific Response Duration Baseline or Value of Source New Duration Additional Reference
Characteristic L ocation to Salt of Upstream Main of Loading | Concentration of New Notes
or Species Loading Response | Concentrations| Loading After Loading | Concentration
Affected into
Ecosystem
Streams'
water quality Waterford increased unknown 17mg/L CI unknown | industrial 70mg/L CI unknown  |Ruby Line had no| Arsenault
River Basin, chloride (Ruby Line) activities, | (Donovans known industrial | et a. 1985
Nfld. concentration road salt Station) sources
and depots,
seaspray
water quality |Monks' Brook,| ionic flux unknown unknown 258 tonnes | urban and unknown unknown |sewage and other| Prowse
Hampshire | (ClI"and Na") CI" (urban); | rural runoff wastes al so 1987
England 4 tonnesCI’ sources of
(rural) chloride and
sodium
water quality 162 increased unknown unknown 4,380-22,500| urban road 350 mg/L unknown highest Mattson
M assachusett chloride kg/lkmNaCl|  runoff concentrations and
sstreams, |concentration foundinurban | Godfrey
USA areas 194
water quality [Androscoggin| increased unknown <1 mg/L unknown | highway 15-18 mg/L unknown both riversflow |Haneset al.
and Kennebec| sodium and deicing salt through areas of 1970
Rivers, ME, chloride high road density
USA concentration
water quality Penobscot, increased unknown <1mg/L unknown | highway 6to 8 mg/L unknown riverslocated in [Haneset a.
Machiasand | sodium and deicing salt areas of low road 1970
Narraguagus chloride density
Rivers, ME, | concentration
USA
water quality Penjajwaoc increased see 515mg/lL CI" | unknown | urbanroad| 10-50 mg/L CI highest length of stream | Boucher
Stream, chloride Durationof | 5-12mg/L Na* runoff | 15-30 mg/L Na" | concentrations affected 1982
Bangor, ME, | concentration New (yearly average (yearly (621 mg/L CI unknown
USA Concentration | at upstream average) 407 mg/L Na")
control) occurred after
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| runoff events |
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Table A-1: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration Additional Reference
Characteristic L ocation to Salt of Upstream Main of Loading | Concentration of New Notes
or Species Loading Response | Concentrations| Loading After Loading | Concentration
Affected into
Ecosystem
water quality | Washington, | increased see <40 mg/L CI', ~30-130 highway maximum increasefrom | despitehigh |August and
D.C.and sodiumand | Durationof [ <20mg/L Na" | mg/L CI, |deicingsalt| 128mg/L CI, | Novemberto |loadings, littleor| Graupen-
Baltimore, MD,| chloride New ~10-55mg/L|  runoff 545mg/L Na* | peak in March, | noimpact noted | sperger,
USA concentration| Concentration Na* decreasein | dueto highlevel 1989
June and July of dilution
stream flow and| Sevenmile increased see control sites: total highway | 25-510mg/L | highway sites Sevenmile Harned
water quaity | Creek Basin, ionic Duration of |3.1-3.7mg/L Na",| dissolved |deicingsalt| Na', 70-1100 had higher | drainage basin 1988
NC,USA  |concentration, New 29-7.8mglL Cl-,| solids240- |  runoff mg/L CI, concentrations| drains4.8 mile
salinity and | Concentration | 44-69 uS/cm | 1800 tons 256-591 uS/cm | than control | section of 1-85;
akalinity specific per square specific sites adjacent drainage
conductivity, mile conductivity, |throughout the| basins (Rocky
14-28 mg/L 27-54 mg/L year Run and Cane
(CaCOq) (CaCOy) Creek used as
akalinity alkalinity controls)
L akes?
water quality |PineHill Pond,| increased unknown 140mg/L CI' | unknown | highway | 94.0mg/L CI' unknown area=2.05 ha; Kerekes
TerraNova chloride (average of deicing salt| (March, 1969) max. depth =5.5m; 1974
Nationa Park, | concentration monthly samples runoff mean depth=1.06
Nfld. April to Dec. m; vol.=0.45+10°
1969) m
water quality 234 Nova increased unknown 8.1 mg/L unknown | seaspray, 28.1mg/L unknown  |samples collected| Underwood
Scotialakes chloride highway insummersof | etal. 1986
concentration deicing salt 1981-1984
runoff
incomplete Chocolate increased unknown unknown 120 highway | average=120 unknown lake morphometry| Kelly et al.
vertical mixing Lake, NS chloride tons/year of| deicing salt |mg/L Na* & 207 unknown 1976
in spring dueto concentration satintothel runoff mg/L ClI';in (in NS Dept
salt-induced in bottom lake deeper regions of Env.
density gradient waters =206 mg/L Na* 1989)
& 330mg/L CI
(maximum)
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Table A-1: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration Additional Reference
Characteristic L ocation to Salt of Upstream Main of Loading | Concentration of New Notes
or Species Loading Response | Concentrations| Loading After Loading | Concentration
Affected into
Ecosystem
water quality | Chain Lakes, increased see ~19mg/L CI unknown sat 43mg/L CI" | increasefrom First Chain: Thirumurthi
near Halifax, chloride Duration of |(Juneto October application| (May 1976; Novemberto | surfacearea= and Tan
NS concentration New 1975) toroads, | maximumfor | peakinMay | 20ha maximum 1978
Concentration such as St. year of with rapid depth = 11m;
Margaret's | sampling) |decreasetoend| mean depth=
Bay Road, of June, 1976 | 4.1m; volume=
in winter 0.81x 10° n?”.
and spring Second Chain:
surface area =
16ha; maximum
depth = 11m;
mean depth =
3.2m; volume =
0.33x10° n?’
water quality | fivepondsin increased unknown 6 mg/L CI unknown | industrial 14mg/L CI unknown sampling Arsenault et
Waterford spring (Bremigens and road | (Barazil Pond); conducted in a. 1985
River Basin, chloride Pond) runoff 18 mg/L CI spring 1994
Nfld. concentration (Branscombe
Pond); 24 mg/L
QI (District
Pond)
water quality |10 farm ponds,| increased see unknown unknown | roadsat | 14-115mg/L | sodiumand pondslocated |Hanesetal.
ME, USA sodiumand | Duration of Na', chloride near roads; 1970
chloride New <1-210 mg/L CI" | concentrations | samples collected
concentration| Concentration increased from| in 1967 suggest
July 1965 to increased
April 1966 chloride
concentration
(14-221 mg/L)




Table A-1: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration Additional Reference
Characteristic L ocation to Salt of Upstream Main |of Loading| Concentration of New Notes
or Species Loading Response | Concentrations| Loading After Loading | Concentration
Affected into
Ecosystem
Wetlands
water quality | Mount Pearl, increased unknown unknown unknown | salt depot | 7.8-178 mg/L CI’ unknown when depot  [Arsenault et
Waterford chloride and (mean 42.8 mg/L moved, nearby a. 1985
River Basin, sodium Cl); 6.1-130 well increased
Nfld. concentration mg/L Na* (mean from 13-14 mg/L
258 mg/L Na") t043-180 mg/L CI
and 9.8-16 mg/L
to 55-1,360 mg/L
Na'
water quality | wetlands near |increased Na', see 6mg/L Na'; unknown | sand-salt [ 16-8663 mg/L higher wetland Ohno 1990
sand-salt Cl"and CN° Duration of 8mg/lL CI'; storage | Na’; 15-12,463 | concentrations | morphometry
storage sitein | concentration New <10 pg/L tota piles mg/L CI'; inJune, July, unknown;
Alton, ME, Concentration CN' (from <10-200 pg/L | Sept. and Oct.; | wetlandswithin
USA upslope total CN° spring conc. | 30 m of sand-salt
location) (Marchto |may beresult of stockpile
November 1988| water evap.
with maximum | from wetlands;
in September) | fall conc. result
of fresh salt
application
water quality | wetlandsnear | increased see 3mg/L Na'; unknown | sand-salt | 807-8725mg/L | higher conc. in wetland Ohno 1990
sand-salt | concentration| Duration of 4mg/L CI'; storage | Na'; 1512463 | May, June, morphometry
storage sitein |of Na*, Cl" and New <10 pg/L tota piles mg/L ClI'; July, for Na* & unknown;
Kenduskeag, CN Concentration CN' (from <10-36 pg/L Cl'; for CN°, | wetlandswithin
ME, USA upslope total CN° higher conc. in | 30 m of sand-salt
location) (Marchto Nov.| Sept. & Oct.; stockpile
1988) (see Ohno 1990
abovefor
possible
reasons)

201




Table A-1: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration Additional Reference
Characteristic L ocation to Salt of Upstream Main |of Loading| Concentration of New Notes
or Species Loading Response | Concentrations| Loading After Loading | Concentration
Affected into
Ecosystem
water quality | wetlands near |increased Na*, see 48mg/L Na'; | unknown | sand-salt | 438-2950 mg/L | higher conc. in wetland Ohno 1990
sand-salt Cl'andCN" | Durationof |80mg/L CI'; <10 storage Na'; June, July, and | morphometry
storage sitein | concentration New pg/L total CN° piles 788-4563 mg/L | Sept. for Na*™ & unknown;
Winterport, Concentration | (from upslope c; Q' for CN°, | wetlandswithin
ME, USA location) <10-117 pg/L | higher conc. in | 30 m of sand-salt
total CN° Sept. & Nov.; stockpile
(March to Nov. | (see Ohno 1990
1988 with max. abovefor
in Sept.) possible
reasons)
water quality | wetlands near |increased Na*, see 3mg/L Na'; unknown | sand-salt | 3750-9075 mg/L | higher conc. in wetland Ohno 1990
sand-salt Cl"andCN" | Duration of 3mg/L CI'; storage Na'; Juneand Sept. | morphometry
storage sitein | concentration New <10 pg/L tota piles 5550-13500 | forNa" & CI'; unknown;
Aurora, ME, Concentration CN' (from mg/L CI'; for CN', higher | wetlandswithin
USA upslope 15-103 pg/L | conc. in Sept.; | 30 m of sand-salt
location) total CN° (see Ohno 1990 stockpile
(MarchtoNov.| abovefor
1988 with max. possible
in Sept.) reasons)

! streams include streams, creeks, springs and rivers.
2]akes include lakes and ponds.
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Table A-2: Centrad Canada (Ontario and Quebec) and the United States

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration of Additional Reference
Characteristic L ocation to Salt of Upstream Main of Concentration New Notes
or Species Loading Response | Concentrations| Loading Loading | After Loading | Concentration
Affected into
Ecosystem
Streams’
water quality | NiagaraRiver | chlorideand see 10.1-10.7mg/L | unknown | winter use| 11.2-124mg/L | atleast one | length of stream | Chanand
at Niagara-on-|  sodium Durationof | Na';20.2-21.9 of road sat| Na'; 22.0-23.7 week in affected unknown| Clignett
the-Lake, ON | concentration New mg/L CI" (based * suspecte mg/L CI February 1978
greaterin | Concentration | on oneweek in d (February
February than each of August 11-18, 1976)
in August, 1975, November
November or 1975,and May,
May 1976)
water quality Etobicoke increased see 0-43mg/L CI" | unknown [urbanroad| 2140-3,780 January to al 3 stations OMEE
Creek, ON chloride Duration of runoff | mg/L CI" (max.); [ March (highest located in
concentration New 278-392mg/L | concentration | developed areas
Concentration Cl" (mean) in February) near roads
water quality | Mimico Creek,| increased see 51 mg/L CI unknown | unknown | 3470mg/L CI’ January - - OMEE
ON chloride Duration of (maximumy; 553 March
concentration New mg/L ClI" (mean)| (highest conc.
Concentration in December)
water quality Highland increased see 22mg/L CI unknown | unknown | 1,390 mg/L CI’ January - - OMEE
Creek, ON chloride Duration of (maximum); 310 March
concentration New mg/L ClI" (mean)| (highest conc.
Concentration in December)
water quality | Black Creek, increased see 20mg/L CI unknown | unknown | 4,310 mg/L CI’ January - - OMEE
ON chloride Duration of (maximumy; 495 March
concentration New mg/L ClI" (mean)| (highest conc.
Concentration in December)
composition | Humber River, |no affect; road]  unknown 13.8-24.1 mg/L | unknown | winter use| 17.0-34.8 mg/L unknown - Kersey 1981
and diversity of| northwest |saltingin area| cr of road salt |Cl" (Cedar Mills;
stream Toronto, ON was lower (Albion Hills; February and
invertebrates than usual February and March, 1980)
during time of March, 1980
study




Table A-2: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration of Additional Reference
Characteristic L ocation to Salt of Upstream Main of Concentration New Notes
or Species Loading Response | Concentrations| Loading Loading | After Loading | Concentration
Affected into
Ecosystem
water quality | Black Creek, increased see 50-100mg/L CI" | 590 tonnes | deicing |maximum =~250 high at least 3km | Scott 1980b
ON concentration| Duration of (autumn) CI from salts mg/L CI" (June | concentrations | (approximated
(northern of chloride New street appliedin | 1974; March, |associated with from map)
boundary of Concentration salting | thewinter | May and June | thaw periodsin
Metropolitan (November 1975) March, May
Toronto, ON) 197410 and June;
April 1975) dilutionin April
with high
spring
discharges;
concentrations
stay elevated
during summer,
but not as high
asin
winter/spring
water quality [DonRiver, ON| increased see 100-150 mg/L. CI 1112 deicing maximum = high at least 4 km | Scott 1980b
(northern [ concentration| Duration of (autumn) tonnes CI° salts >1000 mg/L ClI" | concentrations | (approximated
boundary of | of chloride New from street | appliedin associated with from map)
Metropolitan Concentration salting | thewinter thaw periods
Toronto, ON) (November from Dec. to
197410 June; dilutionin
April 1975) April with high
spring
discharge;
concentrations
stay elevated

during summer,
but not as high
asin
winter/spring




Table A-2: Continued
Ecological Specific Response Duration Baseline or Value of Sour ce New Duration of Additional Reference
Characteristic L ocation to Salt of Upstream Main of Concentration New Notes
or Species Loading Response | Concentrations| Loading Loading | After Loading | Concentration
Affected into
Ecosystem
drift of stream | Lutteral Creek, |increased drift| 6 hours; drift | <100mg/L CI” | unknown experi- | increase up to approx. 20 length of stream | Crowther &
benthic southern ON | after 1000 returned to mental 2165 mg/L Cl- hours affected unknown| Hynes 1977
invertebrates mg/L ClI"in | normad levels application| followed by
creek after decline
concentration
fell below 800
mg/L CI'
water quality | RideauRiver, | increased see unknown 65,500 roadsalt | 857mg/L CI chloride samplestaken | Oliver et a.
ON chloride Duration of tonnes (mean=19 | concentrations |from rooftops had 1974
concentration New mg/L CI) were elevated almost no
Concentration during periods chloride,
of thaw and indicating that
heavy salting | chloride was due
to road salt
water quality | OttawaRiver, | increased see unknown 65,500 roadsalt | 621 mg/L CI' see above see above Oliver et al.
ON chloride Duration of tonnes (mean =9 mg/L 1974
concentration New ch)
Concentration
water quality Don River increased see unknown 54,760 highway |49.51,100mg/L| November to sampling Paine 1979
Watershed, chloride Duration of tonnes |deicingsat| CI; 23,050 April conducted
ON concentration New runoff; [tonnesremoved November 1978 to
Concentration snow | from watershed April 1979; other
dump; sources of CI’
sewage removal occurred
treatment in Ashbridge's
plants Bay S.T.P. (3540
tonnes) and snow
dumping (330
tonnes)




Table A-2: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration of Additional Reference
Characteristic L ocation to Salt of Upstream Main of Concentration New Notes
or Species Loading Response | Concentrations| Loading Loading | After Loading | Concentration
Affected into
Ecosystem
macro- 20 springsin | severa taxa unknown 9.3 mglL CI unknown | ground- |8.1-1148.6 mg/L unknown length of stream | Williams et
invertebrate | southeastern | associated (pristine spring water cr affected a. 1997,
community ON with high CI at Glen Major believed to| (for 19 springs) unknown; CI- | Williams et
structure levels (e.g., Conservation be concentrations a. 1999
Tipulidae & Area) contami- correlated with
Ceratopo- nated with level of
gonidae), Cl' from urbanization
whereas road salt
others(e.g.,
Gammarus
pseudo-
limnaeus &
Turbellaria)
found only in
springs with
low CI
water quality | RougeRiver, increased unknown 11-37mg/L CI" | unknown | unknown | 11-970 mg/L CI unknown unknown OMEE
ON chloride (max.); 50-162
concentration mg/L CI" (mean)
water quality | Brown Deer |increased load see 0.6kgNa'/kn? | unknown | road salt 25.7 kg/knt  |lessthan 1 day; | length of stream | Cherkauer
Creek (urban) | of chloride Duration of | and 0.7 kg/kn? Na’; however, last |affected unknown 1975
and Trinity |and sodiumin New ClI' of drainage 37.5kg /knf CI' | snow storm 7
Creek (rurd), | urban versus| Concentration | area (October 6- of drainage area| months earlier
Milwaukee, rural creek 8, 1974; Trinity (October 6t0 8, | indicating that
WI, USA Creek -rural with 1974; Brown heavy salt
very low road Dear Creek - residues can
salt application) urban with till dominate
much greater | chemistry of
road salt surface waters
application) | after extended




periods of time
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Table A-2: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration of Additional Reference
Characteristic L ocation to Salt of Upstream Main of Concentration New Notes
or Species Loading Response | Concentrations| Loading Loading | After Loading | Concentration
Affected into
Ecosystem
water quality | ditch draining chloride see ~20mg/L CI" | unknown, | highway mean = 448 chloride length of ditch | Champagne
toastream |concentration| Duration of but higher | runoff mg/L CI'; concentrations |affected unknown 1978
near increase, New concen- maximum = 5500 canvary
Jamesville, NY,| particularly | Concentration tration with mg/L CI; highly | significantly in
USA (south of |with increases increasing variable over amatter of
Lake Ontario | inrain and/or rain and/or course of 1 day hours
by Syracuse, | temperature temperature
NY) suggest
higher
loadings
water quality | Irondequoit increased see ~15mg/L CI 77000 |urbanroad| 360mg/L CI unknown approx. one half | Bubeck et
Creek, chloride Duration of metrictons| runoff of the 77,000 a. 1971
Rochester, NY, [ concentration New applied to metric tons
USA Concentration drainage applied to
basin drainage basin
during stored in soil and
1969-70 groundwater
diversity of 4 streamsby | decreased unknown 061 mg/L CI" | unknown | winter use| 523mg/L CI unknown smaller flow rate, | Demers
aguatic insects town of diversity in (overal mean) of road salt| (overall mean) higher 1992
colonizing Newcombin | downstream downstream CI’
artificial Adirondack versus concentration,
substrates region of upstream and greater
northern NY, locations differencein
USA diversity between
upstream and
downstream
water quality Flat Brook increased see 113mg/L CI' | 44tonnes | highway 1.70 mg/L chloridelevels | stream flow rate | Demers and
Creek, chloride Duration of (1986-87); |deicing salt (50m elevated until | 0.01-022n7/s; | Sage 1990
Newcomb, NY, | concentration New 41 tonnes runoff downstream); | July 1987 and | total length 0.6-
USA Concentration (1987-88) 1.77mg/L | September 1988 |3.2 km; Route 28N
(100 m runs parallel to




downstream)

streams (2 km)




Table A-2: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration of Additional Reference
Characteristic| Location to Salt of Upstream Main of Concentration New Notes
or Species Loading Response | Concentrations| Loading Loading | After Loading | Concentration
Affected into
Ecosystem
water quality No Name increased see 053mg/L CI" | 44tonnes | highway 17.05mg/L | chloridelevels | stream flow rate | Demersand
Creek, chloride Duration of (1986-87); | deicing salt (50 m elevated until 0.01-0.22nt/s; | Sage1990
Newcomb, | concentration New 41 tonnes runoff downstream); | July 1987 and [total length 0.6-3.2
NY, USA Concentration (1987-898) 17.03mg/L | September 1988| km; Route 28N
(100 m runsparallel to
downstream) streams (2 km)
water quality Plantation increased see 053mg/L CI" | 44tonnes | highway 7.21 mg/L chloridelevels | streamflow rate | Demersand
Creek, chloride Duration of (1986-87); | deicing salt (50 m elevated until 0.01-0.22nt/s; | Sage1990
Newcomb, | concentration New 41 tonnes runoff downstream); | July 1987 and [total length 0.6-3.2
NY, USA Concentration (1987-88) 7.54 mg/L September 1988| km; Route 28N
(100 m runs parallel to
downstream) streams (2 km)
water quality | CCC Creek, increased see 051 mg/L CI" | 44tonnes | highway 3.73mg/L chloridelevels | stream flow rate | Demersand
Newcomb, chloride Duration of (1986-87); | deicing salt (50 m elevated until 0.01-0.22nt/s; | Sage1990
NY,USA | concentration New 41 tonnes runoff downstream); | July 1987 and [total length 0.6-3.2
Concentration (1987-88) 358mg/lL | September 1988| km; Route 28N
(100 m runs parallel to
downstream) streams (2 km)
water quality Mohawk increased unknown |7.9mg/L Na";8.3] 4950 road salt, | 13.6 mg/L Na'; unknown datacollected | Petersand
River, NY sodium and mg/L CI (kg/kmf)yr; | sewageand | 204 mg/L CI° October 1951to | Turk 1981
chloride 7450  |precipitation September 1953
concentration (kg/kmP)yr and October 1970
to September 1974
L akes®
water quality | Little Round | incomplete unknown unknown unknown winter monolimnion | approximately surface area Smol et .
and vertical Lake, ON |vertica mixing application | concentration 30 years = 7.4 ha, maximum) 1983
mixing of road salt | 584 mg/L Na', depth=16.8m
103.7 mg/L CI
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Table A-2: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration of Additional Reference
Characteristic L ocation to Salt of Upstream Main of Concentration New Notes
or Species Loading Response | Concentrations| Loading Loading | After Loading | Concentration
Affected into
Ecosystem
water quality | LakeErie, ON | increased Cl° see 10mg/L CI" (year| unknown Detroit >25 mg/L CI ~50 yearsto - Moll et al.
concentration| Duration of =1910) Riverand | (late 1960s); increase from 1992
with increased New other 20mglL CI'  [10>25mg/L CI;
loadings, but | Concentration tributaries | (1990 - after ~20yearsto
decreased Cl that remediation) | decreasefrom
concentration received >25-20mg/L CI';
with road salt lake has short
remediation and urban retention time
sewage (2.6 years)
water quality | LakeOntario, | increased see <10mg/L CI" | unknown | Niagara | >25mg/L CI ~60 yearsto - Moll et al.
ON chloride Duration of | around turn of River [ (late 1960s); no | increaseto >25 1992
concentration New the century receiving declinein mg/L CI', with
with Concentration roadsalt | recentyears | nodecline(as
increasing and urban of 1992); this
loadings sewage lake has longer
retention time (6
years) than
LakeFErie
water quality | LakeHuron, increased see 5mg/lL CI unknown | Saginaw 7mg/L Cl- ~50 yearsto - Moll et al.
ON chloride Duration of (year = 1900) Bay (late 1960s); |increase from 5- 1992
concentration New tributaries | 5mg/L CI- | 7mg/L CI'; ~20
with increased| Concentrations (~1990 - after yearsto
|oadings, but remediation) | decreasefrom
decreased 7-5mg/L CI
concentration
with
remediation
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Table A-2: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration of Additional Reference
Characteristic L ocation to Salt of Upstream Main of Concentration New Notes
or Species Loading Response | Concentrations| Loading Loading | After Loading | Concentration
Affected into
Ecosystem
incomplete Lake anoxic primarily in 50mg/L CI"in | unknown [urbanroad| 282mg/L CI"in | concentrations| surface area Freeand
spring vertical | Wabekayne, a| conditionsin spring August 1979 salt February 1979 | elevated for =1.9hg mean |Mulamootti
mixing (salt- storm-water |bottom waters application approx. 3 depth=1.84m,; 1983
induced density | impoundment |and decreased in winter months volume
gradient; for benthic (February- =35x10'n?’
changesin Mississauga, | invertebrate April),
benthic ON diversity especially on
invertebrate bottom
density
water quality | 8lakesinthe | increased unknown unknown unknown | suspected | 10.6-408.9mg/L|  unknown Humber River | D. Scanlon
Humber River chloride road salt Watershedisa | 1999 (letter)
Watershed, |concentration major urban
ON catchment basin
located east of
Metropolitan
Toronto
water quality (4 Metropolitan| increased see unknown unknown urban [22-345mg/L CI highest runoff from |Mayer et al.
Toronto  |[nutrient, metall Duration of runoff (Heritage concentrations | industrial and 1996
detention andionic New Pond), 28-1,201 observed commercia land
ponds concentration| Concentration mg/L CI during snow and from the
(Unionville | melt and spring | Queen Elizabeth
Pond), 36-617 | storm runoff Way
mg/L CI" (S.
Smith Pond),
59-216 mg/L CI
(Tapscott
Pond)
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Table A-2: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration of Additional Reference
Characteristic L ocation to Salt of Upstream Main of Concentration New Notes
or Species Loading Response | Concentrations| Loading Loading | After Loading | Concentration
Affected into
Ecosystem
water quality 3 Ontario increased see unknown unknown | highway | 45-10,960 mg/L highest greatest Mayer et al.
highways: chloride Duration of deicing salt| CI' (Skyway | concentrations | concentrations 1998
Skyway concentration New runoff Bridge), 28- observed observed in
Bridge, Concentration 1,480 mg/L CI between runoff associated
Highway #2 (Highway #2) 4-| February and | with the busiest
and Plains 9,350 mg/L CI April highway (Skyway
Road (Plains Road) Bridge)
water quality | LacalaTruit,| increased see 12mg/L CI unknown |road runoff| 150mg/L CI maximum surfacearea= | Ministry of
PQ chloride Duration of from (max.in1979); | concentration | 48.6 ha; mean | Transport
concentration New Highway | fellto45mg/L | of 150mg/L CI" | depth=21.5m; Quebec
Concentration 15 near Cl"in 1990 occurred in | volume = 486,000
Sainte- 1979; declined m
Agathe- during the
des-Monts 1980s reaching
45mg/L Cl"in
1990
water quality | Mirror Lake, increased see 094 mg/L CI" | unknown |road runoff| 2.04mg/L CI increase surfacearea | Likens1985
NH, USA chlorideand | Duration of 122 mg/L Na* and 1.65mg/L Na" | occurred from | =11 ha; mean
sodium New leaching 1975/76 to depth=5.75m;
concentration| Concentration from septic 1979/80 maximum depth =
tanks 11m
water quality |42 Connecticut| increased unknown unknown unknown |road runoff| increase of 70 increase other contributingl Siver etal.
lakes, USA | chloride and peg/L CI" (mean occurred factorsare 1996
sodium increase 90 primarily conversion of
concentration peg/L CI); between 1970- forest to
increase 60 1990 agricultural land,
peg/L Na* tilling and
application of
pesticides and
fertilizers

213




Table A-2: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration of Additional Reference
Characteristic L ocation to Salt of Upstream Main of Concentration New Notes
or Species Loading Response | Concentrations| Loading Loading | After Loading | Concentration
Affected into
Ecosystem
water quality Northridge increased see 6 mg/L CI unknown |application| at 0.4m (just CI" gradient surfacearea= | Cherkauer
and vertical Lakes, WI, |concentration| Durationof |(averageforlake of NaCl below ice) = present from | 0.19 knt; mean and
mixing USA (shallow | of chloridein New water in the and CaCl, | ~250mg/L CI'; | March6-20, | depth=2mand [ Ostenso
and artificial, bottom of | Concentration area) on paved | a 3m (bottom) | 1975; average | estimated total 1976
Milwaukee, lakes, but roads =~2500 mg/L | concentrations volume
WI) vertical mixing Cl (March still much =38x10°n?’
occurred 1975) greater than
baselinein
October 1975
(130mg/L CI), 7
months after
last salt
application.
water quality |SparklingLake| increased see 0.3-05mg/L CI" | 1,200 kg/yr | ground- [261mg/L ClI"in| slow increase |lake morphometry| Bowser
WI, USA chloride Duration of (background total water |1982; 3.68 mg/L| recorded from unknown 1992
(northern | concentration New lake and chloride | contami- Clin1991 1982-1991
Wisconsin dueto Concentration | groundwater | (based on | nated with
Lake District) | contamination chlorideinthe | average | road salt
from road salt area) lake (initidly
laden increase of | applied to
groundwater 0.15mg/L roads
chloride per| abovethe
year) lake, road
salt then
leached
into the
ground-
water
before
entering
leke
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Table A-2: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration of Additional Reference
Characteristic L ocation to Salt of Upstream Main of Concentration New Notes
or Species Loading Response | Concentrations| Loading Loading | After Loading | Concentration
Affected into
Ecosystem
incomplete First Sister anoxic spring of 1965 [Om=84mg/L CI"| unknown | roadsalt | Om=61mg/L | unknown, but | maximum depth=| Judd 1969
vertical mixing |Lake, M1, USA | conditionsin | and 1967 - ; application cr; salt ~7m
in spring due to bottom waters| thesetwo |4m=82mg/L CI inwinter; | 4m=91mg/L | concentration
salt-induced of Lake; winters had ; salt-laden cl-; decreased
density gradient density  |heavy snow fall| 7m =89 mg/L Cl- runoff | 7m=148 mg/L | enough by fall
gradient | and heavy salt | (spring 1966 - enters ar to allow for fall
resultsfrom | application; | when turnover through | (spring 1967) | mixing of the
salt-laden |mixing occurred|  occurred) storm Lake
runoff in 1966 sewer
entering from pipes
adrainage
pipe and
going to
bottom
complete First Sister |runoff entered| spring1981 | Om=939mg/L | unknown | road salt see unknown maximum depth =| Judd and
vertical mixing |Lake, M1, USA through c; 4m=97.8 application Basdline ~7m Steggall
in spring even wetland mg/L CI'; 6m inwinter; | Concentration 1982
though instead of a =111.8 mg/L CI salt-laden
concentrations pipe, resulting (April 1981) runoff
higher thanin indiffuse enters
Judd 1969 entry of salt through
(above) and no wetland
gradient
incomplete FondaLake, |increased salt unknown 12 mg/L (Frains| unknown | seepage 235 mg/L unknown asphalt pad [ Tuchman et
vertical mixing MI, USA concentration Lake); 15 mg/L from salt constructed in a. 1984,
dueto salt (Portage Lake) storage early 1970s, Zeeb and
gradient facility reducing salt | Smol 1991
input, but still
remained elevated
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Table A-2: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration of Additional Reference
Characteristic L ocation to Salt of Upstream Main of Concentration New Notes
or Species Loading Response | Concentrations| Loading Loading | After Loading | Concentration
Affected into
Ecosystem
increased Ides Cover, increased see epilimnion 225,000 winter epilimnion 1970-82 surfacearea= | Bubeck et
vertical mixing | Irondequoit density Duration of | concentrations [ kg/cm of |application| concentrations 1.18 ha, maximum|  d. 1995
of ldes Cove Bay, gradient New 210-225mg/L CI'| snowfall |of road salt| 140-150 mg/L depth 8.8 m;
waters in spring | Rochester, NY,, Concentration | ; additional 80- | (1969-71), cr; separated from
and fall dueto |USA southern 160 mg/L in decreased hypolimnion Bay by
reduced density| shore of Lake hypolimnion | to 115,000 concentration 50 mwide1l5m
gradient Ontario) kg/cm decreased 0-90 deep bedrock sill
(1979-82) mg/L
incomplete Irondequoit anoxic 1970-73 in 1910: unknown, | highway | from1960-80: |at least 20 years| surfacearea= |Bubeck and
vertical mixing Bay, conditionsin Irondeguoit butin | runoffinto| Creek=~90 |[(1960sto 1980s) 6.78 knt; Burton
of Irondequoit |Rochester, NY, | bottom waters Creek =~14 |winter there| Creek mg/L CI" and maximum depth = 1987;
Bay watersin USA of Bay mg/L ClI" and wasa entersthe| Bay=-~125 23.8m; mean | Bubeck et
spring dueto (southern Bay =~12mg/L |maximumof| Bay; mg/L CI depth=6.8m; a. 1995
salt-induced | shore of Lake Q" (surface |600mg/L CI'| primary (surface volume
density gradient|  Ontario) concentrationin| fromthe | sourceof | concentration =459x 10° n?;
Bay) Creek which| water to in Bay); hydraulic
flowsinto | theBayis | maximum for retention time =
the Bay at a| the Creek | Bay = 152 mg/L 116 days
mean Cin1971
annual
discharge
of 3.7 /s
water quality various increased see unknown unknown | primarily 1130-25,100 1971-73 snow and ice Field and
locations chloride Duration of winter mg/L Cl"in deposits found to|O’ Shea 1992
throughout | concentration New application| winter runoff contain up to
theUSA Concentration of road salt 10,000 mg/L NaCl
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Table A-2: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration of Additional Reference
Characteristic L ocation to Salt of Upstream Main of Concentration New Notes
or Species Loading Response | Concentrations| Loading Loading | After Loading | Concentration
Affected into
Ecosystem
Wetlands
aterationsof | Pinhook Bog, [ absenceof | late1960sto 56mg/lL CI total CI" | road salt max. single late 1960sto area=44ha [Wilcox 1982
plant species LaPorte numerous 1980 (control sites; | inputsto | storage | daily reading: | 1980 (when salt
diversity County, IN | native species| (when salt 1980-81) bog over 10| pile, road | 1468 mg/L CI" in| storage at the
(inIndiana such as storage at the year period:| salting of | 1979; 982 mg/L sitewas
Dunes Sphagnum sitewas from salt nearby in1980; 570 | discontinued)
National  [spp. and Larix discontinued) pile=23 | highway, | mg/L in1981
Lakeshore) | laricina and millionkg; | natural
invasion of fromroad | precipi-
salt tolerant sating=0.4| tation
species such million kg;
as Typha from direct
angustifolia precipi-
tation =
0.012 million
kg

! streamsinclude streams, creeks, springs, and rivers.
?]akesinclude lakes and ponds.
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Table A-3: West Coast (British Columbia) and Rocky Mountains and the United States

Ecological Specific Response Duration of Baseline or Value of Sour ce New Duration of Additional Reference
Characteristic L ocation to Salt Response Upstream Main |of Loading| Concentration New Notes
or Species Loading Concentrations| Loading After Loading | Concentration
Affected into
Ecosystem
Streams’
water quality of [ Rioen Medio | increased see 1.77-2.05 mg/L 2100 salting of | 5.02-6.30 mg/L highest length of affected| Gosz 1977
mountain Stream, Sante | concentration| Durationof [Na';0.3mg/L CI'| kg/year roadsin | Na’; 11.9-17.5 | concentrations | stream unknown
streams near ski | Fe Ski Basin, |of sodium and New (Areal, Na*; 3675 | winter | mg/L ClI' (Area | inarea3from
developments | Sante Fe, NM, chloride Concentration | upstream, 1971- | kg/year CI’ 3, downstream, [ February to
USA 75, yearly (Area3= 1972-75, yearly | April; yearly
averages) 49 ha, average) averages
downstream greater for Area
of areal; 3than Areal
datafor
1972-73)
water quality of | Billy Mack increased see <lmglL CI unknown winter |~20-70mg/L CI'| December to a least 1.5 km | Hoffman et
mountain Creek inthe |[concentration| Duration of (upstream of salting of | (downstream of | April; after salt a. 1981
streams SierraNevada | of chloride New freeway freeway freeway applications
Mountains, Concentration crossing) crossing) stopped in
CA, USA spring, CI” conc.
returned to
normal levelsin
1 month or less
L akes?
chemoclinein Putt's Lake, high see surface=8mg/L | unknown runoff see Baseline early spring Putt's Lake: Hoffman et
mountainlakes | GoldRun | concentration| Durationof |Cl; bottom =142 Concentrations| (April and part | maximum depth=| d. 1981
Pond, & of chloride on New mg/L CI" (Putt's of May); normal 4m
Summit Pond, | bottom of lake| Concentration |Lake, May, 1975) spring mixing
SierraNevada occurred
Mtn, CA, USA
Wetlands
No datawere found

! streamsinclude streams, creeks, springs, and rivers.
2]akes include lakes and ponds.
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APPENDIX B: The Effects of Road Salt and their Additives on Aquatic Organisms

TableB-1: Sodium Chloride

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response® Concentration® Time Temperature of Test Water Organism
(C)
Bacteria, Protozoa, and Fungi
aquatic hyphomycetes increased 659 mg/L NaCl 48 hours 20 soft water BossBrook, | Sridhar & Barlocher
(fungi) sporulation (400 mg/L CI) Fenwick, NS 1997
above controls

Boekelovia optimal growth | 11,690 to 23,380 mg/L 12 days 25 culture medium W.R. Barclay, | Fuji and Hellebust
hooglandii NaCl (incubation University of 1994
(euryhaline, golden- (0.2t0 0.4 M) time) Denver
brown microflagellate
alga)
Boekelovia growth severely [0 mg/L or >58,450 mg/L| 12 days 25 culture medium W.R. Barclay, | Fuji and Hellebust
hooglandii inhibited NaCl (incubation University of 1994
(euryhaline, golden- (Oor>1M) time) Denver
brown microflagellate
alga)
Escherichia coli 0% RNA 8,767 mg/L NaCl + 2 hours 30 Tris Buffer® Dr. T. Beppu, ltoetd. 1977
(bacteria) degradation 6,019 mg/L MgSO, | (120 minutes) University of

(0.15M NeCl + 5 mM Tokyo

MgSOy,
Escherichia coli 50% RNA 8,767 mg/L NaCl 2 hours 30 Tris Buffer’ Dr. T. Beppu, ltoeta. 1977
(bacteria) degradation (0.15M) (120 minutes) University of
Tokyo

Paramecium 17% reductionin 562 mg/L NaCl 5 days unknown unknown unknown Cronkiteet a. 1985
tetrourelia cell division (350 mg/L CI")
(paramecium)
Euglena gracilis| 16% reductionin 5,845 mg/L NaCl 168 hours 27-28 acidic organotrophic | stock cultures of | Gonzalez-Moreno et
(protozoan) number of cells (0.1 M) (7 days) medium with glutamate wild-type a. 1997

culturedinlight;

+ maate
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38% reduction in
number of cellsin
dark




TableB-1: Continued

Species of
Concern

Toxic
Response’

Exposure
Concentration*

Exposure
Time

Water
Temperature
(C)

Chemical Composition
of Test Water

Source of Test
Organism

Reference

Euglena
(protozoan)

gracilis

decreasein O,
production, conc.
Mg*&Ca®, and
ratio of
chlorophyll ato
b; increasein
respiration, cell
volume, conc.
K*& Na*, and Chl
a&hb

11,690 mg/L NaCl
(0.2 M)

168 hours
(7 days)

27-28

acidic organotrophic
medium with glutamate
+ malate

stock cultures of
wild-type

Gonzalez-Moreno et
a. 1997

Euglena
(protozoan)

gracilis

80% reductionin
number of cells
culturedin light

or dark

11,690 mg/L NaCl
(0.2 M)

168 hours
(7 days)

27-28

acidic organotrophic
medium with glutamate
+ malate

stock cultures of
wild-type

Gonzalez-Moreno et
a. 1997

Phytoplankton

Nitzschia linearis

(diatom)

50% reductionin
number of cells

2,430 mg/L NaCl

120 hours

unknown

soft dilution water

unknown

Petrick et al. 1968

Scendesmus obliquus
(freshwater green
alga)

decreasein dry
matter,
photosynthetic
pigment and O,
production;
increasesin
respiration,
soluble
saccharides and
proteins, aswell
aslipoid and
proline content

7,014 and 11,690 mg/L
NaCl
(120 and 200 mM)

168 hours
(7 days)

25+1

modified Beijerinck
medium

Nile River, Egypt

Mohammed and
Shaffea 1992

Scendesmus obliquus

(freshwater green

decreasein cell
number to

11,690 mg/L NaCl (200
mMol)

168 hours
(7 days)

modified Beijerinck
medium

Nile River, Egypt

Mohammed and
Shaffea 1992
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TableB-1: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Chlamydomonas 49% growth 4,965 mg/L NaCl 3-6 days unknown unknown unknown Reynoso et al. 1982
reinhardtii (alga) inhibition (3014 mglL CI)
Chlorella emersonii |growth inhibition| 11,249 mg/L NaCl 8-14 days unknown unknown unknown Setter et al. 1982
(ga) (7,000 mglL CI)
Periphyton
No data were found
M acr ophytes
Myriophyllum 50% reduction in 5,813-7977 32 days unknown unknown unknown Stanley 1974
spicatum dry weight mg/L NaCl
(Eurasian millfoil) (3,617-4,964
mg/L CI)
Potamogeton reduced 2,925 mg/L NaCl 28 days unknown unknown unknown Teeter 1965
pectinatus germination (1,820 mg/L CI")
(pondweed) seed
Potamogeton reduced dry 2,925 mg/L NaCl 32 days unknown unknown unknown Teeter 1965
pectinatus weight (1,820mg/L CI")
(pondweed)  9-week
old plant
Potamogeton reduced shoots 2,925 mg/L NaCl 32 days unknown unknown unknown Teeter 1965
pectinatus and dry weight (1,820mg/L CI")
(pondweed)  13-week|
old plant
Sphagnumrecurvum | reduced growth | Omg/L asCl" = mean 1080 hours 19 chloride-free bog water | Pinhook Bog, Wilcox 1984
(bog moss) inlengthwith | increasein length of (45 days) (with 16 hours LaPorte, Indiana
increased CI" | 3.22 cm; 1500 mg/L as of light)

concentration
(from NaCl)

CI' =meanincreasein
length of 1.40 cm




TableB-1: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
€9)
Sphagnum fimbriatum reduced growth |  Omg/L CI" = mean 1800 hours 19 bog water (from an Pinhook Bog, |Wilcox and Andrus
(bog moss) inlengthwith | increasein length of (75 days) (with 16 hours| uncontaminated site) | LaPorte, Indiana 1987
increased CI" | 2.61 cm; 5000 mg/L CI° of light)
concentration =meanincreasein
(from NaCl) length of 0.03 cm
Zooplankton
Ceriodaphnia dubia NOEC 1,296 mg/L NaCl unknown unknown soft and hard waters unknown Cowgill and Milazzo
(water fleq) 1990
Ceriodaphniadubia | 50% mortality 1,794 mg/L NaCl 168 hours unknown soft and hard waters unknown Cowgill and Milazzo
(water fleq) (7 days) 1990
Ceriodaphniadubia | 50% mortality 2,308 mg/L NaCl 48 hours unknown soft and hard waters unknown Cowgill and Milazzo
(water fleq) 1990
Ceriodaphnia weakening 2,922 mg/L. NaCl unknown unknown unknown unknown Ramult 1925
laticaudata (0.05M) (in Anderson 1948)
(water fleq)
Cyclops serrulatus maximum NaCl 394 mg/L NaCl unknown 20 unknown unknown Kanygina &
(copepod) tolerance Lebedeva 1957
(inMcKeeand
Wolf 1963)
Cyclopsvernalis immohilization 6,079 mg/L NaCl unknown 20-25 Lake Erie water unknown Anderson et al.
(copepod) (0.104 M) 1948 (in Anderson
1948; McKee and
Wolf 1963)
Diaptomus immobilization 3,039 mg/L M NeCl unknown 20-25 Lake Erie water unknown Anderson et al.
oregonensis (0.052 M) 1948 (in Anderson
(copepod) 1948; McKee and
Wolf 1963)
Daphnia longispina death 2,922 mg/L NaCl (0.05 66 hours unknown well water unknown Fowler 1931
(water fleq) M) (in Anderson 1948)
Daphnia magna death 1 mg/L NaCl 3 hours unknown distilled unknown Ellis 1937
(water fleq) (inMcKee & Wolf
1963)
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TableB-1: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Daphnia magna maximum NaCl 200 mg/L NaCl unknown 20 unknown unknown Kanygina &
(water fleq) tolerance Lebedeva 1957
(inMcKeeand
Wolf 1963)
Daphnia magna maximum NaCl 800 mg/L NaCl unknown 3 unknown unknown Kanygina &
(water fleq) tolerance Lebedeva 1957
(inMcKeeand
Wolf 1963)
Daphnia magna reproductive 1,707 mg/L NaCl 21 days unknown unknown unknown Biesinger and
(water flea) impairment (1,062 mg/L. CI") Christensen 1972
Daphnia magna 50% mortality 4,226 mg/L NaCl 48 hours unknown unknown unknown Biesinger and
(water fleq) (2565 mg/L CI") Christensen 1972
Daphnia magna 50% mortality 1,470 mg/L NaCl unknown unknown stream water unknown Birgeet a. 1985
(water fleq)
Daphnia magna immobilization | 2,922 mg/L NaCl (0.05 unknown unknown soft and hard water unknown Naumann 1934
(water fleq) M) (in Anderson 1948)
Daphnia magna threshold toxicity| 3,270 mg/L NaCl unknown unknown | dissolved oxygen = 1.48 unknown Fairchild 1955
(water fleq) mg/L (inMcKeeand
Wolf 1963)
Daphnia magna immobilization 3,680 mg/L NaCl 64 hours 25 Lake Erie water unknown Anderson 1948
(water fleq) (50% of test
animals)
Daphnia magna threshold toxicity| 4,600 mg/L NaCl unknown 20-25 Lake Erie water unknown Anderson et al.
(water flea) (adult) 1948 (inMcKeeand
Wolf 1963)
Daphnia magna 50% mortality | 4,746+170 mg/L NaCl 48 hours 20 5ml infusion + test |aboratory Arambasic et al.
(water fleq) (81.2+2.9 mM/L) solution + synthetic culture 1995

water (diluted to 100ml)




TableB-1: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Daphnia magna threshold toxicity| 5,093 mg/L NaCl unknown unknown | dissolved oxygen = 6.4 unknown Fairchild 1955
(water fleq) mg/L (inMcKeeand
Wolf 1963)
Daphnia magna death 5,494 mg/L NaCl unknown unknown unknown unknown Warren 1899
(water fleq) (0.094 M) (in Anderson 1948)
Daphnia magna NOEC 1,296 mg/L NaCl unknown unknown soft and hard water unknown Cowgill and Milazzo
(water flea) 1990
Daphnia magna 50% mortality 5,777 mg/L NaCl 168 hours unknown soft and hard water unknown Cowagill and Milazzo
(water flea) (7 days) 1990
Daphnia magna 50% mortality 7,754 mg/L NaCl 48 hours unknown soft and hard water unknown Cowgill and Milazzo
(water flea) 1990
Daphnia pulex 50% mortality 1470 mg/L NeCl 48 hours unknown stream water unknown Birgeet a. 1985
(water fleq)
Daphnia pulex 50% mortality 3100 mg/L NaCl 48 hours unknown reconstituted water unknown Birgeet a. 1985
(water fleq)
Daphnia pulex failuretodevelop| 5,845mg/L NaCl unknown unknown pond water unknown Ramult 1925
(water fleq) (0.1 M) (in Anderson 1948)
Leptodora kindtii immobilization 3,682 mg/L NaCl unknown 20-25 Lake Erie water unknown Anderson et al.
(giant water flea) (0.063 M) 1948 (in Anderson
1948; McKeeand
Wolf 1963)
Benthic I nvertebrates
Anaobolia nervosa 50% mortality 7,014 mg/L NaCl 72 hours 14-17 tap water & seawater River Blyth, Sutcliffe 1961b
(caddisfly larvae) (120 mM/L) (3 days) diluted with tap water Britain
Anaobolia nervosa 75% mortality 9,936 mg/L NaCl 72 hours 14-17 tap water & seawater River Blyth, Sutcliffe 1961b
(caddisfly larvae) (170 mM/L) (3 days) diluted with tap water Britain
Baetistricaudatus 50% mortality 5330 mg/L NaCl 48 hours unknown stream water with unknown Lowell et d. 1995
(mayfly) velocity of 6 cm/sec
Baetistricaudatus 50% mortality 5440 mg/L NaCl 48 hours unknown stream water with unknown Lowell et . 1995

(mayfly)

velocity of 12 cm/sec
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TableB-1: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
€9)

Caenorhabditis mortality not 15,460 mg/L NaCl (total 24 hours 20 K-medium unknown Khannaet al. 1997
elegans significantly | - includes NaCl in test (236 gKCI +3.0g NaCl
(nematode) different from water) per liter distilled water)

controls
Caenorhabditis mortality not  [15,500 mg/L NaCl (total 96 hours 20 K-medium unknown Khannaet a. 1997
elegans significantly [ - includes NaCl in test (236 gKCl +30g
(nematode) different from water) NaCl/L distilled water)

controls
Caenorhabditis mortality not (20,500 mg/L NaCl (total 24 hours 20 moderately hard unknown Khannaet a. 1997
elegans significantly | - includes NaCl in test reconstituted water (96
(nematode) different from water) mg NaHCO; + 60 mg

controls CasO, 2H,0+60mg

MgSO, + 4 mg KCI per
liter distilled water)

Caenorhabditis mortality not (20,950 mg/L NaCl (total 96 hours 20 moderately hard unknown Khannaet a. 1997
elegans significantly | - includes NaCl in test reconstituted water (96
(nematode) different from water) mg NaHCO; + 60 mg

controls CasO, 2H,0+60mg

MgSO, + 4 mg KCl per
liter distilled water)
Chironomus attenatug 50% mortality | 7,996 mg/L NaCl (136.8 48 hours 25 dechlorinated, |aboratory Thornton and Sauer
(chironomid) mM/L) oxygenated water populations 1972
Chironomus attenatug 50% mortality 9,995 mg/L NaCl 12 hours 25 dechlorinated, |aboratory Thornton and Sauer
(chironomid) (171 mM/L) oxygenated water populations 1972
Chironomus attenatug 100% mortality 12,000 mg/L NaCl 12 hours 25 dechlorinated, Laboratory | Thornton and Sauer
(chironomid) oxygenated water populations 1972
Cricotopus trifascia|] 100% mortality 8,865 mg/L NaCl 48 hours 12 filtered lake water Lake Michigan | Hamilton et a. 1975
(chironomid) (Hamilton et .
determined value from
regression)

Culex sp. (mosquito)| 50% mortality 10,254 mg/L NaCl 48 hours unknown unknown unknown Dowden and
larvae (6,222 mg/L CI") Bennett 1965
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Table B-1: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
€9)
Dreissena Veligers= 100% 10,000 mg/LL NaCl 6 hours 17 hardness = 140+10 mg/L| LakeMichigan | Waller et al. 1996
polymor pha mortality; settlers as CaCO;
(zebramussel) = 70% mortality
Dreissena Veligers= 100% 10,000 mg/L NaCl 24 hours 12 hardness = 140+10 mg/L| LakeMichigan | Waller et a. 1996
polymor pha mortality; settlers as CaCQO;
(zebramussel) = 98% mortality
Dreissena Veligers=100% 20,000 mg/L NaCl 6 hours 17 hardness = 140+10 mg/L| LakeMichigan | Waller et a. 1996
polymor pha mortality; settlers as CaCO;
(zebra mussel) = 99% mortality
Gammarus 20% mortality | 4121 mg/L NaCl (2500 24 hours unknown static water test Laurel Creek, Crowther and
pseudolimnaeus mg/L CI") Waterloo, Hynes (1977)
(amphipod) Ontario
Hydropsyche betteni survival and 1,319 mg/L NaCl 240 hours unknown unknown unknown Kersey 1981
(caddisfly) pupate (800 mg/L CI") (10 days)
Hydropsyche bronta survival and 1,319 mg/L. NaCl 240 hours unknown unknown unknown Kersey 1981
(caddisfly) pupate 800 mg/L CI") (10 days)
Hydropsyche betteni 80% mortality 9,890 mg/L NaCl 144 hours unknown unknown unknown Kersey 1981
(caddisfly) (6,000 mg/L CI") (6 days)
Hydropsyche survival and 1,319 mg/L NaCl 240 hours unknown unknown unknown Kersey 1981
slossonae pupate (800 mg/L CI") (10 days)
(caddisfly)
Hydroptila angustal] 100% mortality 10,136 mg/L NaCl 48 hours 12 filtered lake water LakeMichigan [Hamiltoneta. 1975
(caddisfly) (Hamilton et al.
determined value from
regression)
Lirceusfontinalis 50% mortality 4,863 mg/L NaCl 96 hours unknown reconstituted water unknown Birgeet a. 1985
(isopod) (2,950 mg/L CI")
Limnephilus stigma 50% mortality 7,014 mg/L NaCl 72 hours 14-17 tap water and seawater| Gosfoth Park, Sutcliffe 1961b
(caddisfly) (120 mMI/L) (3 days) diluted with tap water | Northumberland,
Britain

228




Limnephilus stigma 75% mortality 9,936 mg/L NaCl 72 hours 14-17 tap water and seawater| Gosfoth Park, Sutcliffe 1961b
(caddisfly) (170 mM/L) (3 days) diluted with tap water | Northumberland,
Britain
Table B-1: Continued
Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Musculium  securis| reduced natality | 0mg/L NaCl = mean |1440-1920 hours| unknown distilled or deionized Carp Pond, Mackie 1978
(clam) (mean # of natality per dish of (60-80 days) water with air-dried soil Ontario
newborns/#  [54.3; 1000 mg/L NaCl = and willow or elm leaves
parents) with | mean natality per dish
increasing NaCl of 0
Nais variabilis| 100% mortality 3,735 mg/L NaCl 48 hours 12 filtered lake water Lake Michigan | Hamilton et a. 1975
(oligochaete) (Hamilton et al.
determined value from
regression)
oligochaete maximum NaCl 1576 mg/L NaCl unknown 20 unknown unknown Kanyginaand
tolerance Lebedeva 1957 (in
McKee and Wolf
1963)
oligochaete maximum NaCl 2000 mg/L NaCl unknown 3 unknown unknown Kanyginaand
tolerance Lebedeva 1957 (in
McKee and Wolf
1963)
Polycelisnigra survival for 48 11,109 mg/L NaCl (43700 48 hours 1518 distilled water; planaria unknown Jones 1940; 1941
(flatworm) hours mg/L Na") noted as surviving
several weeksin
distilled water
Physa gyrina 50% mortality 2540mg/L CI° 96 hours unknown reconstituted water unknown Birgeet a. 1985
(snail)
Stictochironomus sp.| maximum NaCl 788 mg/L NaCl unknown 20 unknown unknown Kanyginaand
(chironomid) tolerance Lebedeva 1957 (in
McKee and Wolf
1963)




Stictochironomus  sp.
(chironomid)

maximum NaCl
tolerance

1,000 mg/L NaCl

unknown

unknown

unknown

Kanyginaand
Lebedeva 1957 (in
McKee and Wolf

1963)
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TableB-1: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Fish
Exposuretime=short (24 hoursor less)
Carassius auratus killed or 11,765 mg/L NaCl 17 hours unknown distilled unknown Ellis 1937
(goldfish) immobilized (inMcKeeand
Wolf 1963)
Carassius auratus 50% mortality 13,480 mg/L NaCl 24 hours unknown unknown unknown Dowden and
(goldfish) (8,388mg/L CI") Bennett 1965
Carassius auratus death 35,100 mg/L NaCl | 0.47-0.63 hours ~21 unknown unknown Powers 1917
(goldfish) (in Hammer 1977;
Doudoroff and Katz
1953)
Catla catla, Labeo| 50% mortality 7,500 mg/L NaCl 24 hours 26 unknown unknown Gosh and Pal 1969
rohoto, Cirrhinius (in Hammer 1977)
mrigalo (three species
of Indian carp fry)
I ctalurus punctatus 0% mortaity 10,000 mg/L NaCl 24 hours 12 and 17 (two| hardness = 140+10 mg/L Upper Waller et a. 1996
(channel catfish) different CaCO, Mississippi
experiments) Science Center in
LaCrosse,
Wisconsin
I ctalurus punctatus 100% mortality 20,000 mg/L NaCl 6 hours 17 hardness = 140+10 mg/L Upper Waller et a. 1996
(channel catfish) CaCO, Mississippi
Science Center in
LaCrosse,
Wisconsin
Lepomis macrochirug 50% mortality 14,194 mg/L NaCl 24 hours unknown unknown unknown Dowden and
(bluegill sunfish) (8,616 mg/L CI) Bennett 1965
Lepomis macrochirug 100% mortality 14,800 mg/L NaCl 6 hours 188-20.1 | Chautauqua L ake water ZettsFish Kszoset a. 1990
(bluegill sunfish) ascontrol and dilution | Hatchery, West
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Y oung of the Y ear

water

Virginia
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TableB-1: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Lepomis macrochirus| 0% mortaity 10,000 mg/L NaCl 24 hours 12 and 17 (two| hardness = 140+10 mg/L Upper Waller et a. 1996
(bluegill sunfish) different CaCO, Mississippi
experiments) Science Center in
LaCrosse,
Wisconsin
Lepomis macrochirug 50% mortality 14,100 mg/L NaCl 24 hours unknown synthetic river water unknown Abegg 1949; 1950
(bluegill sunfish) (in Doudoroff and
Katz 1953)
Lepomis macrochirug 47% mortality 20,000 mg/L NaCl 6 hours 17 hardness = 140+10 mg/L Upper Waller et a. 1996
(bluegill sunfish) CaCO;, Mi ssissippi
Science Center in
LaCrosse,
Wisconsin
Micropterus dolomieu| 3.3% mortality 10,000 mg/L NaCl 24 hours 12 hardness = 140+10 mg/L Upper Waller et a. 1996
(smallmouth bass) CaCO; M i ssi ssi ppi
Science Center in
LaCrosse,
Wisconsin
minNows killed or 10,000 mg/L NaCl 6 hours unknown distilled unknown LeClerc 1960;
immobilized LeClerc and
Devlaminck 1950;
1955 (in McKee and
Wolf 1963)
minNows killed or 11,500-12,000 mg/L 6 hours unknown hard unknown LeClerc 1960;
immobilized NaCl LeClerc and
Devlaminck 1950;
1955 (in McKee and
Wolf 1963)
Notemigonus average survival 15,000 mg/L NaCl 4.73 hours 22-225 aerated, distilled water + unknown Wiebeet d. 1934
crysoleucas time tap water
(golden shiners)
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Notemigonus average survival 20,000 mg/L NaCl 1.33 hours 22-225 aerated, distilled water + unknown Wiebeet a. 1934
crysoleucas time tap water
(golden shiners)
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TableB-1: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Oncorhynchus mykiss| 0% mortality 10,000 mg/L NaCl 24 hours 12 and 17 (two| hardness = 140+10 mg/L Upper Waller et a. 1996
(rainbow trout) different CaCO, Mississippi
experiments) Science Center in
LaCrosse,
Wisconsin
Oncorhynchus mykiss| 40% mortality 20,000 mg/L NaCl 6 hours 17 hardness = 140+10 mg/L Upper Waller et a. 1996
(rainbow trout) CaCO, Mississippi
Science Center in
LaCrosse,
Wisconsin
Oriziaslatipes death 14,612-29,224 mg/L 24 hours unknown unknown unknown Iwao 1936
(small freshwater NaCl (0.25-05M) (in Doudoroff and
cyprinodont) Katz 1953)
Perca flavesceny 0% mortality 10,000 mg/L NaCl 24 hours 12 and 17 (two| hardness = 140+10 mg/L Upper Waller et a. 1996
(yellow perch) different CaCO; M i ssi ssi ppi
experiments) Science Center in
LaCrosse,
Wisconsin
Pimephales promelag 0% mortality 10,000 mg/L NaCl 24 hours 12 and 17 (two| hardness = 140+10 mg/L Upper Waller et a. 1996
(fathead minnow) different CaCO; M i ssi ssi ppi
experiments) Science Center in
LaCrosse,
Wisconsin
Pimephales promelag 100% mortality 20,000 mg/L NaCl 6 hours 17 hardness = 140+10 mg/L Upper Waller et a. 1996
(fathead minnows) CaCO; M i ssi ssi ppi
Science Center in
LaCrosse,
Wisconsin
Salmo gairdneri| 50% mortality 5,496 mg/L NaCl 24 hours unknown unknown unknown Kostecki and Jones
(rainbow trout) (3,336 mg/L CI") 1983
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TableB-1: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Salmo trutta 0% mortaity 10,000 mg/L NaCl 24 hours 12 hardness = 140+10 mg/L Upper Waller et a. 1996
(brown trout) CaCO, Mississippi
Science Center in
LaCrosse,
Wisconsin
Salvelinus fontinalis| survival and 30,000 mg/L NaCl 0.5-1 hour unknown unknown unknown Phillips 1944
(brook trout) recovery
Salvelinus fontinalis| 50% mortality 50,000 mg/L NaCl 0.25 hour unknown unknown unknown Phillips 1944
(brook trout) (15 minutes)
Salvelinus namaycush| 0% mortality 10,000 mg/L NaCl 24 hours 12 hardness = 140+10 mg/L Upper Waller et a. 1996
(lake trout) CaCOs Mississippi
Science Center in
LaCrosse,
Wisconsin
Stizostedion vitreunl 0% mortality 10,000 mg/L NaCl 24 hours 12 and 17 (two| hardness = 140+10 mg/L Upper Waller et a. 1996
(walleye) different CaCOs Mississippi
experiments) Science Center in
LaCrosse,
Wisconsin
Exposuretime = long (areater than 24 hours)
Anguilla  japonica survival 11,690 mg/L NaCl (0.2 50 hours 20-22 unknown unknown Oshima 1931
(American eel) young M) (in Doudoroff and
Katz 1953)
Anguilla rostrata| 50% mortality 17,880 mg/L NaCl 96 hour unknown unknown unknown Hinton and
(American eel) glass Eversole 1978
eel stage
Anguilla rostrata] 50% mortality 21,450 mg/L. NaCl 96 hour unknown unknown unknown Hinton and
(American edl) black] Eversole 1978
eel stage
Morone sp. 0% mortaity 14,000 mg/L NaCl 336 hours unknown unknown unknown Black 1950 (in
(bass) (14 days) Hanes et a. 1970)
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Carassius auratu survival 5,000 mg/L NaCl 240 hours unknown unknown unknown Ellis 1937
(goldfish) (in Hammer 1977)

237



TableB-1: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Carassius  auratus. survival 5,000 mg/L NaCl 600 hours unknown | Mississippi River water unknown Ellis 1937
(goldfish) (unharmed) (25 days) (inHaneset al.
1970; Anderson
1948)
Carassius auratug 50% mortality 7,341 mg/L. NaCl 96 hours 25 80% deionized water | Ozark Fisheries | Adelman et a. 1976
(goldfish) supplemented with lab | Inc., Stoutland,
water and buffering Missouri
solution
Carassius  auratus. death 10,000 mg/L NaCl 240 hours or unknown | Mississippi River water unknown Ellis 1937
(goldfish) less (inHaneset al.
(10 daysor less) 1970; Anderson
1948)
Carassius auratus death 11,700 mg/L NaCl 17-154 hours ~21 unknown unknown Powers 1917
(goldfish) (in Hammer 1977,
Doudoroff and Katz
1953)
Catla catla, Labeo| 50% mortality 6,000 mg/L NaCl 48 hours unknown unknown unknown Gosh and Pal 1969
rohoto, Cirrhiniug (in Hammer 1977)
mrigalo (three species
of Indian carp fry)
Gambusia affinis| 50% mortality 17,500 mg NaCl 96 hours unknown turbid unknown Walen et a. 1957
(mosquito-fish) (in Hammer 1977;
McKee and Wolf
1963)
Lepomis macrochirug 50% mortality 5,840 mg/L NaCl 96 hours unknown reconstituted water unknown Birgeet a. 1985
(bluegill sunfish)
Lepomis macrochirug 50% mortality 12,200 mg/L NaCl 288 hours 188-20.1 | Chautauqua L ake water ZettsFish Kszoset al. 1990
(bluegill sunfish (12 days) as control and dilution | Hatchery, West
Young of the Y ear water Virginia
Lepomis macrochirug 50% mortality 12,964 mg/L NaCl 96 hours unknown aerated unknown Trama 1954
(bluegill sunfish) (inMcKeeand
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Wolf 1963)
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TableB-1: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Lepomis macrochirug 50% mortality 12,946 mg/L NaCl 96 hours 18+2 soft dilution water unknown Patrick et al. 1968
(bluegill sunfish)
Micropterus 0% mortaity 5,000 mg/L NaCl 200-250 hours 22-225 aerated, distilled water + unknown Wiebeet d. 1934
salmoides (largemouth tap water
black bass)
Micropterus 100% mortality 10,000 mg/L NaCl 142-148 hours 22-25 aerated, distilled water + unknown Wiebeet a. 1934
salmoides (largemouth tap water
black bass)
Notemigonus average survival 5,000 mg/L NaCl 148 hours 22-225  |eerated, distilled water + unknown Wiebeet a. 1934
crysoleucas time tap water
(golden shiners)
Notemigonus average survival 10,000 mg/L NaCl 97 hours 22-225 aerated, distilled water + unknown Wiebeet d. 1934
crysoleucas time tap water
(golden shiners)
Notropis atherinoides| threshold toxicity| 2,500 mg/L NaCl 120 hours 18 unknown unknown VanHorn et al. 1949
(lake emerald shiner)
Notropis blenniug death 2,500 mg/L NaCl 216 - 576 hours room distilled water unknown Garrey 1916
(river shiner) temperature (in Hammer 1977;
Doudoroff and Katz
1953)

Notropis spilopterudthreshold toxicity| 2,500 mg/L NaCl 120 hours 18 unknown unknown VanHorn et a. 1949
(spotfin shiner)
Oncorhynchus mykiss|{2.5-4.1% mortdity| 250, 500, 1000, 2000 168 hours unknown unknown unknown Beak 1999
(rainbow trout) eggs mg/L NaCl (7 days)
Oncorhynchus mykiss survival 800 mg/L NaCl 196 hours 1516 soft water Spanish ICONA Camargo and
(rainbow trout) (no effect) (~8 days) (23 mg/L CaC03) trout hatchery Tarazona 1991
fingerlings
Oncorhynchus mykiss|  10.8-18.5% control upto 1000 |27 day embryo- [ unknown unknown unknown Beak 1999
(rainbow trout) nonviable mg/L NaCl alvin test
embryo embryo
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Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Oncorhynchus mykiss| 31% nonviable 2000 mg/L NaCl 27 day embryo-| unknown unknown unknown Beak 1999
(rainbow trout) embryo alvin test
embryo
Oncorhynchus mykiss| 90.8% nonviable 4000 mg/L NaCl 27 day embryo-| unknown unknown unknown Beak 1999
(rainbow trout) embryo alvin test
embryo
Oncorhynchus mykiss| 86.3% mortality 4000 mg/L NaCl 168 hours unknown unknown unknown Beak 1999
(rainbow trout) eggs (7 days)
Oncorhynchus mykiss| 100% nonviable 8000 mg/L NaCl 27 day embryo-| unknown unknown unknown Beak 1999
(rainbow trout) embryo alvin test
embryo
Oncorhynchus mykiss| 100% mortality 8000 mg/L NaCl 168 hours unknown unknown unknown Beak 1999
(rainbow trout) eggs (7 days)
Perca flavescens survival gradual increasefrom| 720 hours unknown unknown unknown Young 1923
(yellow perch) 9,200 mg/L to 17,500 (1 month) (in Haneset al.
mg/L NaCl 1970)
Perca flavescens 0% mortdity 14,000 mg/L NaCl 336 hours unknown unknown unknown Black 1950 (in
(yellow perch) (14 days) Hanes et a. 1970)
Pimephales promelagd smalersize 734 mg/L NaCl and 33 days unknown unknown unknown Birgeet a. 1985
(fathead minnow) fry 1,057 mg/L NaCl
Pimephales promelag 80% mortality |1,054- 1,060 mg/L NaCl 33 days unknown unknown unknown Birgeet a. 1985
(fathead minnow)
€ggs
Pimephales promelas NOEC 2,000 mg/L NaCl 168 hours unknown unknown unknown Beak 1999
(fathead minnow) (7 days)
larvae <24 hours
Pimephales promelag 10% mortality 2,000 mg/L NaCl 168 hours unknown unknown unknown Beak 1999
(fathead minnow) (7 days)
larvae <24 hours
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Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Pimephales promelag 90% mortality 2,000 mg/L NaCl 168 hours unknown unknown unknown Beak 1999
(fathead minnow) (7 days)
embryo <36 hours
Pimephales promelas LOEC 4000 mg/L NaCl 168 hours unknown unknown unknown Beak 1999
(fathead minnow) (7 days)
larvae <24 hours
Pimephales promelaq survivingfish 4,000 mg/L NaCl 168 hours unknown unknown unknown Beak 1999
(fathead minnow)| hadimpaired (7 days)
larvae <24 hours growth and
swimming
behavior
Pimephales promelag 28% mortality 4,000 mg/L NaCl 168 hours unknown unknown unknown Beak 1999
(fathead minnow) (7 days)
larvae <24 hours
Pimephales promelag 100% mortality 4,000 mg/L NaCl 168 hours unknown unknown unknown Beak 1999
(fathead minnow) (7 days)
embryo <36 hours
Pimephales promelas NOEC 4,000 mg/L NaCl 168 hours 25+1 moderately hard EPA Newtown | Pickering et al. 1996
(fathead minnow) (7 days) reconstituted water Facility
1to 7 daysold
Pimephales promelas NOEC 4,000 mg/L NaCl 168 hours 25+1 moderately hard EPA Newtown [ Pickering et a. 1996
(fathead minnow) (7 days) reconstituted water Facility
1to 7 daysold
Pimephales promelag 50% mortality 6,570 mg/L CI’ 96 hours unknown reconstituted water unknown Birgeet a. 1985
(fathead minnow)
Pimephales promelag 50% mortality 7,650 mg/L NaCl 96 hours 25 80% deionized water | National Water | Adelman et d. 1976
(fathead minnows) (LCs) supplimented with lab Quality
water and buffering Laboratory,
solution Duluth

242




TableB-1: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
€9)
Pimephales promelag survivingfish 8,000 mg/L NaCl 168 hours unknown unknown unknown Beak 1999
(fathead minnow)| had impaired (7 days)
larvae <24 hours growth and
swimming
behavior
Pimephales promelag 75% mortality 8,000 mg/L NaCl 168 hours unknown unknown unknown Beak 1999
(fathead minnow) (7 days)
larvae <24 hours
Pimephales promelag 100% mortality 8,000 mg/L NaCl 168 hours unknown unknown unknown Beak 1999
(fathead minnow) (7 days)
embryo <36 hours
Pimephales promelas LOEC 8,000 mg/L NaCl 168 hours 25+1 moderately hard EPA Newtown | Pickering et a. 1996
(fathead minnow) (7 days) reconstituted water Facility
1to 7 daysold
Salmo trutta (brown NOEC 1,000 mg/L NaCl 196 hours 15-16 soft water Spanish ICONA Camargo and
trout) fingerlings (~8 days) (23 mg/L CaCO3) trout hatchery Tarazona 1991
Exposuretime = unknown
Carassius auratus killed or 14,000 mg/L NaCl unknown unknown unknown unknown Jones 1957
(goldfish) immobilized (inMcKeeand
Wolf 1963)
Coregonus sp. killed or 3,850 mg/L NaCl unknown unknown natural unknown Anderson 1944
(whitefish) immobilized (inMcKeeand
Wolf 1963)
Coregonus immobilization 16,500 mg/L NaCl unknown unknown Lake Erie water unknown Edmister & Gray
clupeaformis 1948 (in Anderson
(lake whitefish) fry 1948; Doudoroff
and Katz 1953)
Gastrosteus sp. killed or 11,680-14,600 mg/L unknown unknown unknown unknown ORVWSC 1950
(stickleback) immobilized NaCl (in McKeeand
Wolf 1963)
Stizostedion vitreum killed or 3,850 mg/L NaCl unknown unknown natural unknown Anderson 1944
(walleye) immobilized (in McKee and
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Wolf 1963)
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TableB-1: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Stizostedion vitreum | immobilization 3,859 mg/L NaCl unknown unknown Lake Erie water unknown Edmister & Gray
(walleye) fry 1948 (in Anderson
1948; Doudoroff
and Katz 1953)
Amphibians
Microhyla ornata| incomplete 5,000-6,000 mg/L. NaCl 96 hours 23-27 Total hardness <75 natural Padhye and Ghate
(frog embryos and| closure of neural (0.5% - 0.6%) mg/L as CaCO® ponds/temporary 1992
larvae) tube rainwater pools
inIndia
Rana pipiens reduced maximum| 11,690 mg/L NaCl (200  unknown 2 unknown commercia Grundy and Storey
(leopard frog) rate of reaction of mM) supplier 1994
pyruvate kinase
Scaphiopus  couchii|reduced maximum 11,690 mg/L NaCl (200|  unknown 22 unknown Tucson, Arizona| Grundy and Storey
(spadefoot toad) rate of reaction of mM) 194
pyruvate kinase
Xenopus leavis 90-97% survival | 250, 500, 1,000 and 168 hours 23 unknown unknown Beak 1999
(African clawed frog) 2000 mg/L NaCl (7 days)
Xenopus leavis 50% survival 2,940 mg/L NaCl 168 hours 23 unknown unknown Beak 1999
(African clawed frog) (7 days)
Xenopus leavis 6.7% survival 4000 mg/L NaCl 168 hours 23 unknown unknown Beak 1999
(African clawed frog) (7 days)
*most mortality
occurred day 2

Xenopus leavis 0% survival 8000 mg/L. NaCl 168 hours 23 unknown unknown Beak 1999
(African clawed frog) (7 days)

*most mortality
occurred day 2

Reptiles

No datawere found
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TableB-1: Continued

Species of
Concern

Toxic
Response’

Exposure
Concentration*

Exposure
Time

Water
Temperature
(C)

Chemical Composition
of Test Water

Source of Test
Organism

Reference

Birds

Anas platyrhynchos
(Peking duck)

increased body
water (drinking
freshwater = 63%
of body mass;
drinking NaCl
water = 73% of
body mass)

17,534 mg/L NaCl (0.3
M)

1 month

unknown

tap water

unknown

Hugheset al. 1991

! Concentrations given in molarity were converted to mg/L using the following molecular weights (Fessenden and Fessenden 1986):

Na" = 22.991 g/mol; Ca®* = 40.08 g/mol;: Mg”* = 24.32 g/mol; K* = 39.1g/mol; CI' = 35.457 g/mol; C = 12.011 g/mol; N = 14.008 g/moal.

2 Definitions of commonly used terms for toxic response (Hammer 1977; McK ee and Wolf 1963):

- Lethal Concentration (L Cs) or Median Tolerance Limit (TLm) = concentration at which 50% of the test organisms die within a certain time period.

- NOEC = No Observed Effects Concentration

- LOEC = Lowest Observed Effects Concentration

% Trisbuffer = Tris (hydroxymethyl) aminomethane-hydrochloric acid buffer, pH 7.2.
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Table B-2: Cdcium Chloride

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Bacteria, Protozoa, and Fungi
aquatic hyphomycetes increased 554 mg/L CaCl, 48 hours 20 soft water Boss Brook, Sridhar and
(fungi) sporulation (200 mg/L Ca'?) Fenwick, Nova Barlocher 1997
above controls Scotia
aquatic hyphomycetes decreased 2,215 mg/L CaCl, 48 hours 20 soft water Boss Brook, Sridhar and
(fungi) sporulation (800 mg/L. Ca'?) Fenwick, Nova Barlocher 1997
below controls Scotia
Phytoplankton
Nitzschia linearis| 50% reduction in 3,130 mg/L CaCl, 120 hours unknown soft dilution water unknown Patrick et al. 1968
(diatom) number of cells
Periphyton
No datawere found
Macrophytes
No datawere found
Zooplankton
Cyclopsvernalis immohilization 1,730 mg/L CaCl, unknown unknown unknown unknown Anderson et al.
(copepod) (threshold) 1948
(in Anderson 1948)
Daphnia longispina death 5,550 mg/L CaCl, 41 hours unknown well water unknown Fowler 1931
(water fleq) (0.05 M) (in Anderson 1948)
Daphnia pulex inhibited egg 1,854 mg/L CaCl, 48 hours unknown pond water unknown Ramult 1925
(weter fleq) development and (0.0167 M) (2 days) (in Anderson 1948)
weakening

Daphnia magna 50% mortality 151 mg/L CaCl, unknown unknown unknown unknown Biesinger and
(water fleq) (92mg/L Cl) Christensen 1972
Daphnia magna reproductive 338 mg/L CaCl, 21 days unknown unknown unknown Biesinger and
(water fleq) impai rment (206 mg/L CI") Christensen 1972
Daphnia magna survival 733 mg/L CaCl, (0.0066| 24 hours unknown soft water unknown Naumann 1934
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(water fleq)

(no effect)

M)

(in Anderson 1948)
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Table B-2: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Daphnia magna immobilization 920 mg/L CaCl, 64 hours 25 Lake Erie water unknown Anderson 1948
(water fleq) (50% of test
animals)
Daphnia magna weakening 1,831 mg/L CaCl, 24 hours unknown soft water unknown Naumann 1934
(water fleq) (0.0165 M) (in Anderson 1948)
Daphnia magna survival 1,831 mg/L CaCl, 24 hours unknown hard water unknown Naumann 1934
(water flea) (no effect) (0.0165 M) (in Anderson 1948)
Daphnia magna immobilization |3,662mg/L CaCl, (0.033 24 hours unknown hard water unknown Naumann 1934
(water fleq) M) (in Anderson 1948)
Mesacyclops immobilization 1,440 mg/L CeCl, unknown unknown unknown unknown Anderson et al.
leuckarti (threshold) 1948
(copepod) (in Anderson 1948)
Benthic Invertebrates
Dreissena veligers = 100% 10,000 mg/L CaCl, 3 hours 17 hardness = 140+10 mg/L| LakeMichigan | Waller et a. 1996
polymorpha mortality; settlers as CaCO;
(zebramussel) = 95% mortality
Dreissena veligers = 100% 10,000 mg/L CaCl, 6 hours 17 hardness = 140+10 mg/L| LakeMichigan | Waller et a. 1996
polymorpha mortality; settlers as CaCO;
(zebra mussel) = 99.5% mortality
Dreissena veligers= 100% 10,000 mg/L CaCl, 12 hours 17 hardness = 140+10 mg/L| LakeMichigan | Waller et a. 1996
polymor pha mortality; settlers as CaCO;
(zebra mussel) = 100% mortality
Dreissena veligers= 100% 10,000 mg/L CaCl, 24 hours 17 hardness = 140+10 mg/L| Lake Michigan | Waller et al. 1996
polymor pha mortality; settlers as CaCO;
(zebra mussel) = 100% mortality
Dreissena veligers=98% 10,000 mg/L CaCl, 12 hours 12 hardness = 140+10 mg/L| LakeMichigan | Waller et al. 1996
polymorpha mortality; settlers as CaCO,
(zebramussel) = 99% mortality
Dreissena veligers = 100% 10,000 mg/L CaCl, 24 hours 12 hardness = 140+10 mg/L| LakeMichigan | Waller et a. 1996
polymor pha mortality; settlers as CaCO;
(zebra mussel) = 100% mortality
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Table B-2: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Musculium  securis| reduced natality | Omg/L CaCl, = mean |1440-1920 hours| unknown distilled or deionized Carp Mackie 1978
(dam) (mean # of natality per dish of (60-80 days) water with air-dried soil | Pond,Ontario
newborns/# |54.3; 400 mg/L CaCl, = and willow or elm leaves
parents) with | mean natality of 22.0;
increasing CaCl, | 1000 mg/L CaCl, =
until 400mg/L | mean natality of 30.3
CaCl, after which
see increase but
not to levels of
control
Polycelis nigra| surviva for 48 | 7200 mg/L CaCl, (2600 48 hours 1518 distilled water; planaria unknown Jones 1940
(flatworm) hours mg/L Ca’*) noted as surviving
several weeksin
distilled water
Fish
Exposuretime = short (24 hoursor less)
Carassius auratug killed or injured 7,752 mg/L CaCl, 22-27 hours unknown distilled water unknown Ellis1937
(goldfish) (in McKeeand
Wolf 1963)
Ictalurus punctatug 37% mortality 10,000 mg/L CaCl, 12 hours 12 hardness = 140+10 mg/L Upper Waller et a. 1996
(channel catfish) CaCO; M i ssi ssi ppi
Science Center in
LaCrosse,
Wisconsin
Ictalurus punctatug 63% mortality 10,000 mg/L CaCl, 12 hours 17 hardness = 140+10 mg/L Upper Waller et a. 1996
(channel catfish) CaCO; M i ssi ssi ppi
Science Center in
LaCrosse,
Wisconsin
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Table B-2: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Ictalurus punctatug 100% mortality 10,000 mg/L CaCl, 24 hours 12 hardness = 140+10 mg/L Upper Waller et a. 1996
(channel catfish) CaCO, Mississippi
Science Center in
LaCrosse,
Wisconsin
Ictalurus punctatug§ 100% mortality 10,000 mg/L CaCl, 24 hours 17 hardness = 140+10 mg/L Upper Waller et a. 1996
(channel catfish) CaCO, Mississippi
Science Center in
LaCrosse,
Wisconsin
Ictalurus punctatu§ 83% mortality 20,000 mg/L. CaCl, 3 hours 12 hardness = 140+10 mg/L Upper Waller et a. 1996
(channel catfish) CaCO;, Mi ssissippi
Science Center in
LaCrosse,
Wisconsin
Lepomis macrochiru§ 50% mortality 8,363 mg/L CaCl, 24 hours unknown unknown unknown Dowden and
(bluegill sunfish) (5344 mg/L CI") Bennett 1965
Lepomis macrochirug 50% mortality 8,400 mg/L CaCl, 24 hours unknown synthetic river water unknown Abegg 1949, 1950
(bluegill sunfish) (in Doudoroff and
Katz 1953)
Lepomis macrochirug 0% mortdity 10,000 mg/L CaCl, 12 hours 12 and 17 (two| hardness = 140+10 mg/L Upper Waller et a. 1996
(bluegill sunfish) different CaCO, Mississippi
experiments) Science Center in
LaCrosse,
Wisconsin
Lepomis macrochirug 0% mortaity 10,000 mg/L CaCl, 24 hours 17 hardness = 140+10 mg/L Upper Waller et a. 1996
(bluegill sunfish) CaCO, Mississippi
Science Center in
LaCrosse,
Wisconsin
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Table B-2: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Lepomis macrochirug 3.3% mortality 10,000 mg/L CaCl, 24 hours 12 hardness = 140+10 mg/L Upper Waller et a. 1996
(bluegill sunfish) CaCO, Mississippi
Science Center in
LaCrosse,
Wisconsin
Lepomis macrochirug average survival 15,000 mg CaCl, 17.7 hours 22-225 aerated, distilled water + unknown Wiebeet a. 1934
(bluegill sunfish) time tap water
Lepomis macrochirug average survival 20,000 mg CaCl, 19.5 hours 22-25 aerated, distilled water + unknown Wiebeet a. 1934
(bluegill sunfish) time tap water
Lepomis macrochirug 97% mortality 20,000 mg/L. CaCl, 3 hours 12 hardness = 140+10 mg/L Upper Waller et a. 1996
(bluegill sunfish) CaCOs Mississippi
Science Center in
LaCrosse,
Wisconsin
Micropterus dolomieu| 0% mortality 10,000 mg/L CaCl, 12 hours 12 hardness = 140+10 mg/L Upper Waller et a. 1996
(smallmouth bass) CaCO; M i ssi ssi ppi
Science Center in
LaCrosse,
Wisconsin
Micropterus dolomieu| 0% mortality 10,000 mg/L CaCl, 24 hours 12 hardness = 140+10 mg/L Upper Waller et a. 1996
(smallmouth bass) CaCO; M i ssi ssi ppi
Science Center in
LaCrosse,
Wisconsin
Notemigonus average survival 20,000 mg CaCl, 6.4 hours 22-225 aerated, distilled water + unknown Wiebeet d. 1934
crysoleucas time tap water
(golden shiners)
Notemigonus average survival 15,000 mg CaCl, 17 hours 22-225 aerated, distilled water + unknown Wiebeet d. 1934

crysoleucas

(golden shiners)

time

tap water
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Notemigonus
crysoleucas
(golden shiners)

average survival
time

10,000 mg CaCl,

27.6 hours

22-225

aerated, distilled water +
tap water

unknown

Wiebeet al. 1934
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Table B-2: Continued

Species of
Concern

Toxic
Response’

Exposure
Concentration*

Exposure
Time

Water
Temperature
(C)

Chemical Composition
of Test Water

Source of Test
Organism

Reference

Oncorhynchus mykiss
(rainbow trout)

10% mortality

10,000 mg/L CaCl,

12 hours

12

hardness = 140+10 mg/L
CaCOq

Upper
Mississippi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Oncorhynchus mykiss
(rainbow trout)

16% mortality

10,000 mg/L CaCl,

24 hours

hardness = 140+10 mg/L
CaCOq

Upper
Mississippi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Oncorhynchus mykiss|
(rainbow trout)

40% mortality

10,000 mg/L CaCl,

12 hours

17

hardness = 140+10 mg/L
CaCO;,

Upper
Mi ssissippi
Science Center in
LaCrosse,
Wisconsin

Waller et a. 1996

Oncorhynchus mykiss
(rainbow trout)

49% mortality

10,000 mg/L CaCl,

24 hours

17

hardness = 140+10 mg/L
CaCO,

Upper
M i ssi ssi ppi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Oncorhynchus mykiss
(rainbow trout)

20% mortality

20,000 mg/L CaCl,

3 hours

hardness = 140+10 mg/L
CaCO;

Upper
M i ssi ssi ppi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Oncorhynchus mykiss
(rainbow trout)

63% mortality

20,000 mg/L CaCl,

3 hours

17

hardness = 140+10 mg/L
CaCO;

Upper
M i ssissippi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996
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Oriziaslatipes
(small freshwater

cyprinodont)

death

13874 mglL CaCl,
(0.125 M)

24 hours

unknown

unknown

unknown

Iwao 1936
(in Doudoroff and
Katz 1953)
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Table B-2: Continued

Species of
Concern

Toxic
Response’

Exposure
Concentration*

Exposure
Time

Water
Temperature
(C)

Chemical Composition
of Test Water

Source of Test
Organism

Reference

Perca flavescens
(yellow perch)

10% mortality

10,000 mg/L CaCl,

12 hours

12

hardness = 140+10 mg/L
CaCOq

Upper
Mississippi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Perca flavescens
(yellow perch)

80% mortality

10,000 mg/L CaCl,

24 hours

hardness = 140+10 mg/L
CaCOq

Upper
Mississippi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Perca flavescens
(yellow perch)

83% mortality

10,000 mg/L CaCl,

12 hours

17

hardness = 140+10 mg/L
CaCO;,

Upper
Mi ssissippi
Science Center in
LaCrosse,
Wisconsin

Waller et a. 1996

Perca flavescens
(yellow perch)

83% mortality

10,000 mg/L CaCl,

24 hours

17

hardness = 140+10 mg/L
CaCO,

Upper
M i ssi ssi ppi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Pimephales promelas
(fathead minnow)

47% mortality

10,000 mg/L CaCl,

12 hours

hardness = 140+10 mg/L
CaCO;

Upper
M i ssi ssi ppi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Pimephales promelas
(fathead minnow)

100% mortality

10,000 mg/L CaCl,

24 hours

12 and 17 (two
different
experiments)

hardness = 140+10 mg/L
CaCO;

Upper
M i ssissippi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996
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Table B-2: Continued

Species of
Concern

Toxic
Response’

Exposure
Concentration*

Exposure
Time

Water
Temperature
(C)

Chemical Composition
of Test Water

Source of Test
Organism

Reference

Pimephales promelas
(fathead minnow)

100% mortality

20,000 mg/L. CaCl,

3 hours

12 and 17 (two
different
experiments)

hardness = 140+10 mg/L
CaCOq

Upper
Mississippi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Salmo trutta
(brown trout)

20% mortality

10,000 mg/L CaCl,

24 hours

12

hardness = 140+10 mg/L
CaCOq

Upper
Mississippi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Salvelinus namaycush
(lake trout)

0% mortality

10,000 mg/L CaCl,

24 hours

hardness = 140+10 mg/L
CaCO;,

Upper
Mi ssissippi
Science Center in
LaCrosse,
Wisconsin

Waller et a. 1996

Stizostedion  vitreum
(walleye)

0% mortality

10,000 mg/L CaCl,

12 hours

12 and 17 (two
different
experiments)

hardness = 140+10 mg/L
CaCO,

Upper
M i ssi ssi ppi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Stizostedion  vitreum
(walleye)

0% mortality

10,000 mg/L CaCl,

24 hours

17

hardness = 140+10 mg/L
CaCO;

Upper
M i ssi ssi ppi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Stizostedion vitreum
(walleye)

3.3% mortality

10,000 mg/L CaCl,

24 hours

hardness = 140+10 mg/L
CaCO;

Upper
M i ssissippi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996
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Table B-2: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Stizostedion vitreunml 17% mortality 20,000 mg/L. CaCl, 3 hours 12 hardness = 140+10 mg/L Upper Waller et a. 1996
(walleye) CaCO, Mississippi
Science Center in
LaCrosse,
Wisconsin
Stizostedion vitreunl 100% mortality 20,000 mg/L. CaCl, 3 hours 17 hardness = 140+10 mg/L Upper Waller et a. 1996
(walleye) CaCO, Mississippi
Science Center in
LaCrosse,
Wisconsin
Tincavulgaris death 10,000 mg/L CaCl, 3 hours 20 fresh water unknown Wiebeet a. 1934
(tench)
Exposuretime = greater than 24 hours
Ambloplites rupestris| killed or injured 555 mg/L CaCl, 168 hours unknown tap water unknown Ellis1937
(rock bass) (1 week) (in McKeeand
Wolf 1963)
Anguilla  japonica survival 11,099 mg/L CaCl, 50 hours 20-22 unknown unknown Oshima 1931
(young eel) (0.1 M) (in Doudoroff and
Katz 1953)
Fish death gradual increasefrom|  within 288 unknown unknown unknown Y oung 1923
9,500 to 13,500 mg/L |hours (within 12 (inHaneset al.
CaCl, days) 1970)
Gambusia affinis| 50% mortality 13,400 mg/L CaCl, 96 hours unknown turbid unknown Walen et a. 1957
(mosquito-fish) (inMcKeeand
Wolf 1963)
Lepomis macrochirug 50% mortality 9,500 mg/L CaCl, 96 hours unknown standard unknown Cairns & Scheier
(bluegill sunfish) 1958 (inMcKee
and Wolf 1963)
Lepomis macrochirug average survival 10,000 mg CaCl, 48.8 hours 22-225 aerated, distilled water + unknown Wiebeet d. 1934
(bluegill sunfish) time tap water
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Table B-2: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
€9)
Lepomis macrochiru§ 50% mortality 10,650 mg/L CaCl, 96 hours 18+2 soft dilution water unknown Peatrick et a. 1968
(bluegill sunfish) (see Patrick et a. 1968
for details)
Notemigonus average survival 5,000 mg CaCl, 143.5 hours 22-225 aerated, distilled water + unknown Wiebeet a. 1934
crysoleucas time tap water
(golden shiners)
Notemigonus death 5,000 mg/L CaCl, 143 hours unknown unknown unknown Ellis 1937
crysoleucas (in Anderson 1948)
(golden shiners)
Notropis blenniug death 277 mg/L CaCl, (0.0025( 840-1176 hours room distilled water unknown Garrey 1916
(river shiner) M) (5-7 weeks) temperature (in Doudoroff and
Katz 1953)
Notropis blenniug death 832 mg/L CaCl, (0.0075( 336-504 hours room distilled water unknown Garrey 1916
(river shiner) M) (14-21days) | temperature (in Doudoroff and
Katz 1953)
Notropis blenniug death 2,775 mg/L CaCl, (0.029 48-96 hours room distilled water unknown Garrey 1916
(river shiner) M) (2-4 days) temperature (in Doudoroff and
Katz 1953)
Exposuretime = unknown
Coregonus immohilization 22,080 mg/L. CaCl, unknown unknown Lake Erie water unknown Edmister & Gray
clupeaformis 1948 (in Anderson
(lake whitefish) fry 1948; Doudoroff
and Katz 1953)
Stizostedion vitreum | immobilization 12,060 mg/L CaCl, unknown unknown Lake Erie water unknown Edmister & Gray
(walleye) fry 1948 (in Anderson
1948; Doudoroff
and Katz 1953)
Stizostedion vitreum [threshold toxicity| 12,060 mg/L CaCl, unknown unknown unknown unknown ORVWSC 1950 (in
(walleye) Haneset a. 1970)
Amphibians
No datawere found
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Table B-2: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Reptiles
No datawere found
Birds
No datawere found

! Concentrations given in molarity were converted to mg/L using the following molecular weights (Fessenden and Fessenden 1986):

Na" = 22.991 g/mol; Ca** = 40.08 g/mol; Mg** = 24.32 g/mol; K* = 39.1g/mol; ClI" = 35.457 g/mol; C = 12.011 g/mol; N = 14.008 g/moal.

2 Definitions of commonly used terms for toxic response (Hammer 1977; McK ee and Wolf 1963):

- Lethal Concentration (LCs) or Median Tolerance Limit (TLm) = concentration at which 50% of the test organisms die within a certain time period.
- NOEC = No Observed Effects Concentration
- LOEC = Lowest Observed Effects Concentration
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Table B-3: Magnesum Chloride

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response® Concentration® Time Temperature of Test Water Organism
§9)

Bacteria, Protozoa, and Fungi
Aphanomyces astaci no spore 1,904 mg/L MgCl, 120 hours 13 water from Lake Halsjon, unknown Rantamaki et al.
(fungus) production (20mM MgCl,) (5 days) Sweden 1992
Boekelovia no growth 13,333 mg/L MgCl, 12 days 25 culture medium W.R. Barclay, | Fuji and Hellebust
hooglandii (0.14 M) (incubation University of 194
(euryhaline, golden- time) Denver
brown microflagellate
alga)
Phytoplankton
No data were found
Periphyton
No data were found
M acr ophytes
No data were found
Zooplankton
Ceriodaphnia reproduction 60 mg/L MgCl, 15 days unknown pond water unknown Hutchinson 1932
reticulata (continued (total solids=91.7mg/L;
(water flea) production of Ca’*=16.5mg/L;

living young) Mg**=17mg/L; CI'=2.6

mg/L)

Daphnia longispina| reproduction 30 mg/L MgCl, unknown unknown pond water unknown Hutchinson 1932
(clone2) (continued (total solids=91.7mg/L;
(water flea) production of Ca’*=16.5mg/L;

living young) Mg**=17mg/L; CI'=2.6

mg/L)

Daphnia longispina| reproduction 60 mg/L MgCl, unknown unknown pond water unknown Hutchinson 1932
(clone 1) (continued (total solids=91.7mg/L;
(water flea) production of Ca’*=16.5mg/L;

living young) Mg®*=1.7mg/L; CI'=2.6
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mg/L)
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Table B-3: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response® Concentration® Time Temperature of Test Water Organism
§9)
Daphnia longispina death 3,524 mg/L MgCl, 43 hours unknown well water unknown Fowler 1931
(water fleq) (0.037 M) (in Anderson 1948)
Daphnia magna reproductive 417 mg/L MgCl, 21 days unknown unknown unknown Biesinger and
(water flea) impairment (239mg/L CI") Christensen 1972
Daphnia magna reproduction 240 mg/L MgCl, 19 days unknown pond water unknown Hutchinson 1932
(water flea) (continued (total solids=91.7mg/L;
production of Ca’*=16.5mg/L;
living young) Mg*=1.7mg/L; CI'=2.6
mg/lL)
Daphnia magna 50% mortality 714 mg/L MgCl, unknown unknown unknown unknown Biesinger and
(water fleq) (409 mg/L CI) Christensen 1972
Daphnia magna immobilization 740 mg/L MgCl, 64 hours 25 Lake Erie water unknown Anderson 1948
(water fleq) (50% of test
animals)
Daphnia magna harmful 1571 mg/L MgCl, unknown unknown soft and hard water unknown Naumann 1934
(water fleq) (0.0165 M) (in Anderson 1948)
Daphnia pulex reproduction 120 mg/L MgCl, unknown unknown pond water unknown Hutchinson 1932
(water fleq) (continued (total solids=91.7mg/L;
production of Ca*"=16.5mg/L ;
living young) Mg*=17mg/L; CI'=2.6
mglL)
Daphnia thomsoni reproduction 30 mg/L MgCl, unknown unknown pond water unknown Hutchinson 1932
(water flea) (continued (total solids=91.7mg/L;
production of Ca*"=16.5mg/L;
living young) Mg*=17mg/L; CI'=2.6
mg/L)
Moina macrocopa reproduction 180 mg/L MgCl, 25 days unknown pond water unknown Hutchinson 1932
(water flea) (continued (total solids=91.7mg/L;
production of Ca’*=16.5mg/L;
living young) Mg**=17mg/L; CI'=2.6
mg/lL)
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Table B-3: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
€9)
Benthic Invertebrates
Polycelis nigra| surviva for 48 | 3,798 mg/L MgCl, (970 48 hours 15-18 distilled water; planaria unknown Jones 1940
(flatworm) hours mg/L Mg*) noted as surviving
several weeksin
distilled water

Fish
Exposuretime = short (24 hoursor less)
Notemigonus average survival 10,000 mg MgCl, 4.6 hours 22-225 | eerated, distilled water + unknown Wiebeet a. 1934
crysoleucas time tap water
(golden shiners)
Notemigonus average survival 15,000 mg MgCl, 0.8 hours 22-225 | eerated, distilled water + unknown Wiebeet a. 1934
crysoleucas time tap water
(golden shiners)
Notemigonus average survival 20,000 mg MgCl, 0.5 hours 22-225 aerated, distilled water + unknown Wiebeet d. 1934
crysoleucas time tap water
(golden shiners)
Orizias latipes death 23,809 mg/L MgCl, 24 hours unknown unknown unknown Iwao 1936
(small freshwater (0.25M) (in Doudoroff and
cyprinodont) Katz 1953)
Exposuretime = greater than 24 hours)
Anguilla  japonical survival 9,523 mg/L MgCl, (0.1 50 hours 20-22 unknown unknown Oshima 1931
(young esl) M) (in Doudoroff and

Katz 1953)
Carassius auratus death 6,757 mg/L MgCl, |72-504 hours(3-[ unknown distilled unknown Ellis 1937
(goldfish) 21 days) (inMcKeeand

Wolf 1963)
Gambusia affinis| 50% mortality 13,400 mg/L MgCl, 96 hours unknown turbid unknown Wallen et a. 1957
(mosquito-fish) (in McKeeand

Wolf 1963)
Notemigonus average survival 5,000 mg MgCl, 96.5 hours 22-225 aerated, distilled water + unknown Wiebeet d. 1934
crysoleucas time tap water
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(golden shiners)
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Table B-3: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
O
minnows death 476 mg/L MgCl, 96-144 hours unknown distilled unknown Ellis 1937
(4-6 days) (inMcKeeand

Wolf 1963)

Notropis blennius death 476 mg/L MgCl, (0.005| 96-144 hours room distilled water unknown Garrey 1916

(river shiner) M) (4-6 days) temperature (in Doudoroff and
Katz 1953)

Notropis blennius death 2,381 mg/L MgCl, ~48 hours room distilled water unknown Garrey 1916

(river shiner) (0.025 M) (2 days) temperature (in Doudoroff and
Katz 1953)

Exposur etime = unknown

Cyprinussp. death 8132 mg/L MgCl, unknown unknown unknown unknown Pfiefer 1953

(carp) (inMcKeeand
Wolf 1963)

Amphibians

No datawere found

Reptiles

No datawere found

Birds

No datawere found

! Concentrations given in molarity were converted to mg/L using the following molecular weights (Fessenden and Fessenden 1986):
Na' = 22.991 g/mol; Ca?* = 40.08 g/mol; Mg®* = 24.32 g/mol; K* = 39.1g/mol; CI" = 35.457 g/mol; C = 12.011 g/mol; N = 14.008 g/moal.

2 Definitions of commonly used terms for toxic response (Hammer 1977; McK ee and Wolf 1963):
- Lethal Concentration (LCs) or Median Tolerance Limit (TLm) = concentration at which 50% of the test organisms die within a certain time period.
- NOEC = No Observed Effects Concentration
- LOEC = Lowest Observed Effects Concentration
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Table B-4: Potassum Chloride

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
§9)
Bacteria, Protozoa, and Fungi
Boekelovia no growth 14,911 mg/L KCl 12 days 25 culture medium W.R. Barclay, | Fuji and Hellebust
hooglandii (0.2M) (incubation University of 194
(euryhaline, golden- time) Denver
brown microflagellate
alga)
Phytoplankton
Nitzschia linearis| 50% reductionin 1,337 mg/L KClI 120 hours unknown soft dilution water unknown Patrick et a. 1968
(diatom) number of cells
Periphyton
No datawere found
M acr ophytes
No datawere found
Zooplankton
Cyclops vernalis immobilization 640 mg/L KCl unknown 20-25 Lake Erie water unknown Anderson et al.
(copepod) (threshold) 1948 (in McKeeand
Wolf 1963)
Daphnia magna reproductive 65 mg/L KCl 21 days unknown unknown unknown Biesinger and
(weter fleq) impairment (44 mg/lL CI") Christensen 1972
Daphnia magna 50% mortality 127 mg/L KCl unknown unknown unknown unknown Biesinger and
(water fleq) (86 mg/L CI") Christensen 1972
Daphnia magna| immobilization 430 mg/L KCl unknown 20-25 Lake Erie water unknown Anderson et al.
(young) (threshold) 1948 (in McKee and
(water flea) Wolf 1963)
Daphnia magna immobilization 432 mg/L KCl 64 hours 25 Lake Erie water unknown Anderson 1948
(water flea) (50% of test
animals)
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Daphnia magna
(water fleq)

immobilization

746 mg/L KCI
(0.01 M)

unknown

unknown

soft water

unknown

Naumann 1934
(in Anderson 1948)
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Table B-4: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Daphnia magna irritation 746 mg/L KCl unknown unknown hard water unknown Naumann 1934
(water fleq) (0.01 M) (in Anderson 1948)
Daphnia longispina death 1,864 mg/L KCI (0.025 <7 hours unknown well water unknown Fowler 1931
(water fleq) M) (in Anderson 1948)
Daphnia pulex survival 619 mg/L KCl unknown unknown pond water unknown Ramult 1925
(water flea) (no effect) (0.0083 M) (in Anderson 1948)
Daphnia pulex no egg 1,245 mg/L KCI (0.0167]  unknown unknown pond water unknown Ramult 1942
(water fleq) development M) (in Anderson 1948)
Daphnia pulex death 1,245 mg/L KCI (0.0167]  unknown unknown pond water unknown Ramult 1925
(water fleq) M) (in Anderson 1948)
Diaptomus immobilization 134 mg/L KCl unknown 20-25 Lake Erie water unknown Anderson et al.
oregonensis (threshold) 1948 (in McKee and
(copepod) Wolf 1963)
Leptodora kindtii immobilization 127 mg/L KCl unknown 20-25 Lake Erie water unknown Anderson et al.
(giant water flea) (threshold) 1948 (inMcKeeand
Wolf 1963)
Mesocyclops immobilization 566 mg/L KCl unknown 20-25 Lake Erie water unknown Anderson et al.
leuckarti (threshold) 1948 (inMcKeeand
(copepod) Wolf 1963)
Benthic Invertebrates
Caenorhabditis mortality not | 11,510 mg/L KClI (total 24 hours 20 K-medium unknown Khanna et al. 1997
elegans significantly - includesKCl in test (236gKCl +3.0¢g
(nematode) different from water) NaCl/L distilled water)
controls
Caenorhabditis mortality not |11,510 mg/L NaCl (total 96 hours 20 K-medium unknown Khannaet al. 1997
elegans significantly - includesKCl in test (236gKCl+3.09g
(nematode) different from water) NaCl/L distilled water)
controls
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Table B-4: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response® Concentration® Time Temperature of Test Water Organism
§9)
Caenorhabditis mortality not | 18,850 mg/L KClI (total 24 hours 20 moderately hard unknown Khannaet al. 1997
elegans significantly - includesKCl in test reconstituted water (96
(nematode) different from water) mg NaHCO; + 60 mg
controls CasO,- 2H,0+60mg
MgSO, +4 mg KCl per L
distilled water)
Caenorhabditis mortality not |18,900 mg/L NaCl (total 96 hours 20 moderately hard unknown Khannaet al. 1997
elegans significantly - includesKCl in test reconstituted water (96
(nematode) different from water) mg NaHCO; + 60 mg
controls CaS0,- 2H,0+60mg
MgSO, + 4 mg KCI per
liter digtilled water)
Cricotopus trifascia| 100% mortality 4,896 mg/L KCl 48 hours 12 filtered lake water LakeMichigan [Hamiltoneta. 1975
(chironomid midge) (calculated from
regression)
Dreissena veligers = 100% 2,500 mg/L KCl 24 hours 17 hardness = 140+10 mg/L| LakeMichigan | Waller et a. 1996
polymor pha mortality; settlers as CaCQO;
(zebramussel) = 96% mortality
Dreissena veligers = 100% 2,500 mg/L KCl 24 hours 12 hardness = 140+10 mg/L| LakeMichigan | Waller et a. 1996
polymor pha mortality; settlers as CaCO;
(zebramussel) = 100% mortdlity
Dreissena veligers = 100% 10,000 mg/L KCl 3 hours 12 hardness = 140+10 mg/L| LakeMichigan | Waller et a. 1996
polymorpha mortality; settlers as CaCO;
(zebra mussel) = 89% mortality
Hydroptila angustal] 100% mortality 6,317 mg/L KCl 48 hours 12 filtered lake water LakeMichigan [Hamiltoneta. 1975
(caddisfly) (calculated from
regression)
Laccophilus increased 5,800 mg/L KClI unknown unknown unknown unknown Hodgson 1951
maculosis movement in 50% (inMcKeeand
(water beetle) of test organisms Wolf 1963)
Nais variabilis| 100% mortality 204 mg/L KCl 48 hours 12 filtered lake water LakeMichigan [Hamiltoneta. 1975
(oligochaete) (calculated from
regression)
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Table B-4: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Physa heterostrophal 50% mortality 940 mg/L KCl (LCs) 96 hours 20+2 soft dilution water unknown Patrick et al. 1968
(fresh-water snail) (see Patrick et al. 1968
for details)
Polycelis nigra| survival for 48 1259 mg/L KClI 48 hours 15-18 distilled water; planaria unknown Jones 1940
(flatworm) hours (660 mg/L K*) noted as surviving
several weeksin
distilled water
Fish
Exposuretime= 24 hoursor less
Carassius  auratus death 746 mg/L KCl 4.5-15 hours unknown distilled unknown Ellis1937
(goldfish) (in McKeeand
Wolf 1963)
Carassius auratus death 7,700 mg/L KCl 4.6-15 hours ~21 unknown unknown Powers 1917
(goldfish) (in Hammer 1977,
Doudoroff and KatZ
1953)
Carassius auratus death 32,800 mg/L KCl 0.23-0.28 hours ~21 unknown unknown Powers 1917
(goldfish) (in Hammer 1977,
Doudoroff and KatZ
1953)
Ictalurus punctatu§ 0% mortality 2,500 mg/L KCl 24 hours 17 hardness = 140+10 mg/L Upper Waller et a. 1996
(channel catfish) CaCO, Mississippi
Science Center in

LaCrosse,

Wisconsin
Ictalurus punctatu§ 0% mortality 10,000 mg/L KCl 3 hours 12and 17 |hardness = 140+10 mg/L Upper Waller et a. 1996
(channel catfish) (two different CaCO, Mississippi

experiments) Science Center in
LaCrosse,
Wisconsin
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Table B-4: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Ictalurus punctatu§ 0% mortality 10,000 mg/L KCl 6 hours 12and 17 |hardness=140+10 mg/L Upper Waller et a. 1996
(channel catfish) (two different CaCO, Mississippi
experiments) Science Center in
LaCrosse,
Wisconsin
Ictalurus punctatug 3.9% mortality 2,500 mg/L KCl 24 hours 12 hardness = 140+10 mg/L Upper Waller et a. 1996
(channel catfish) CaCO, Mississippi
Science Center in
LaCrosse,
Wisconsin
Lepomis macrochirug 0% mortality 2,500 mg/L KCl 24 hours 12 hardness = 140+10 mg/L Upper Waller et a. 1996
(bluegill sunfish) CaCO;, Mi ssissippi
Science Center in
LaCrosse,
Wisconsin
Lepomis macrochirug 20.0% mortality 2,500 mg/L KCl 24 hours 17 hardness = 140+10 mg/L Upper Waller et a. 1996
(bluegill sunfish) CaCOs Mississippi
Science Center in
LaCrosse,
Wisconsin
Lepomis macrochiru§ 50% mortality 3,896 mg/L KCl 24 hours unknown unknown unknown Dowden and
(bluegill sunfish) (2,640 mg/L CI") Bennett 1965
Lepomis macrochirug 50% mortality 5,500 mg/L KClI 24 hours unknown synthetic river water unknown Abegg 1949, 1950
(bluegill sunfish) (in Doudoroff and
Katz 1953)
Lepomis macrochirug 0% mortaity 10,000 mg/L KCl 3 hours 12and 17 |hardness= 140+10 mg/L Upper Waller et a. 1996
(bluegill sunfish) (two different CaCO, Mississippi
experiments) Science Center in
LaCrosse,
Wisconsin
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Table B-4: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Lepomis macrochirug 0% mortdity 10,000 mg/L KCl 6 hours 12and 17 |hardness=140+10 mg/L Upper Waller et a. 1996
(bluegill sunfish) (two different CaCO, Mississippi
experiments) Science Center in
LaCrosse,
Wisconsin
Micropterus dolomieu| 3.9% mortality 2,500 mg/L KCl 24 hours 12 hardness = 140+10 mg/L Upper Waller et a. 1996
(smallmouth bass) CaCO, Mississippi
Science Center in
LaCrosse,
Wisconsin
Micropterus dolomieu| 50% mortality 10,000 mg/L KClI 6 hours 12 hardness = 140+10 mg/L Upper Waller et a. 1996
(smallmouth bass) CaCO;, Mi ssissippi
Science Center in
LaCrosse,
Wisconsin
minNows death 373mg/L KCl 12-29 hours unknown distilled unknown Ellis1937
(in McKeeand
Wolf 1963)
Notropis blenniug death 400 mg/L KCI 12-29 hours room distilled water unknown Garrey 1916
(river shiner) temperature (in Hammer 1977,
Doudoroff and KatZ
1953)
Oncorhynchus mykiss| 0% mortality 2,500 mg/L KCl 24 hours 12and 17 |hardness = 140+10 mg/L Upper Waller et a. 1996
(rainbow trout) (two different CaCO; M i ssi ssi ppi
experiments) Science Center in
LaCrosse,
Wisconsin
Oncorhynchus mykiss| 22.1% mortality 10,000 mg/L KCl 6 hours 12 hardness = 140+10 mg/L Upper Waller et a. 1996
(rainbow trout) CaCO, Mississippi
Science Center in
LaCrosse,
Wisconsin
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Table B-4: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Oncorhynchus mykiss| 30% mortality 10,000 mg/L KCl 3 hours 17 hardness = 140+10 mg/L Upper Waller et a. 1996
(rainbow trout) CaCO, Mississippi
Science Center in
LaCrosse,
Wisconsin
Oncorhynchus mykiss| 93.3% mortality 10,000 mg/L KCl 6 hours 17 hardness = 140+10 mg/L Upper Waller et a. 1996
(rainbow trout) CaCO, Mississippi
Science Center in
LaCrosse,
Wisconsin
Oriziaslatipes death 1937 mg/L KCl (0.0312 24 hours unknown unknown unknown Iwao 1936
(small freshwater M) (in Doudoroff and
cyprinodont) Katz 1953)
Perca flavesceny 0% mortality 10,000 mg/L KCl 6 hours 12 and 17 (two| hardness = 140+10 mg/L Upper Waller et a. 1996
(yellow perch) different CaCO; M i ssi ssi ppi
experiments) Science Center in
LaCrosse,
Wisconsin
Perca flavesceny 46.7% mortality 2,500 mg/L KCl 24 hours 12 hardness = 140+10 mg/L Upper Waller et a. 1996
(yellow perch) CaCO; M i ssi ssi ppi
Science Center in
LaCrosse,
Wisconsin
Perca flavesceny 80% mortality 2,500 mg/L KCl 24 hours 17 hardness = 140+10 mg/L Upper Waller et a. 1996
(yellow perch) CaCO; M i ssi ssi ppi
Science Center in
LaCrosse,
Wisconsin
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Table B-4: Continued

Species of
Concern

Toxic
Response’

Exposure
Concentration*

Exposure
Time

Water
Temperature
(C)

Chemical Composition
of Test Water

Source of Test
Organism

Reference

Pimephales promelas
(fathead minnow)

0% mortaity

2,500 mg/L KCl

24 hours

12 and 17 (two
different
experiments)

hardness = 140+10 mg/L
CaCOq

Upper
Mississippi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Pimephales promelas
(fathead minnow)

0% mortaity

10,000 mg/L KCl

3 hours

12 and 17 (two
different
experiments)

hardness = 140+10 mg/L
CaCOq

Upper
Mississippi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Pimephales promelas
(fathead minnow)

0% mortality

10,000 mg/L KCI

6 hours

hardness = 140+10 mg/L
CaCO;,

Upper
Mi ssissippi
Science Center in
LaCrosse,
Wisconsin

Waller et a. 1996

Salmo trutta
(brown trout)

0% mortality

2,500 mg/L KCl

24 hours

hardness = 140+10 mg/L
CaCO,

Upper
M i ssi ssi ppi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Salmo trutta
(brown trout)

0% mortdity

10,000 mg/L KCl

6 hours

hardness = 140+10 mg/L
CaCO;

Upper
M i ssi ssi ppi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Salvelinus namaycush
(lake trout)

0% mortdity

2,500 mg/L KCl

24 hours

hardness = 140+10 mg/L
CaCO;

Upper
M i ssissippi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996
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Table B-4: Continued

Species of
Concern

Toxic
Response’

Exposure
Concentration*

Exposure
Time

Water
Temperature
(C)

Chemical Composition
of Test Water

Source of Test
Organism

Reference

Salvelinus namaycush
(lake trout)

0% mortaity

10,000 mg/L KCl

3 hours

12

hardness = 140+10 mg/L
CaCOq

Upper
Mississippi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Salvelinus namaycush
(lake trout)

0% mortaity

10,000 mg/L KCl

6 hours

hardness = 140+10 mg/L
CaCOq

Upper
Mississippi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Stizostedion
(walleye)

vitreum

100% mortality

2,500 mg/L KCl

24 hours

12 and 17
(two different
experiments)

hardness = 140+10 mg/L
CaCO;,

Upper
Mi ssissippi
Science Center in
LaCrosse,
Wisconsin

Waller et a. 1996

Stizostedion  vitreum

(walleye)

0% mortality

10,000 mg/L KCl

3 hours

hardness = 140+10 mg/L
CaCO,

Upper
M i ssi ssi ppi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Stizostedion  vitreum

(walleye)

6.7% mortality

10,000 mg/L KCl

3 hours

17

hardness = 140+10 mg/L
CaCO;

Upper
M i ssi ssi ppi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996

Stizostedion  vitreum

(walleye)

63.3% mortality

10,000 mg/L KCl

6 hours

hardness = 140+10 mg/L
CaCO;

Upper
M i ssissippi
Science Center in
LaCrosse,
Wisconsin

Waller et al. 1996
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Table B-4: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
€9)
Stizostedion vitreun 93.3% mortality 10,000 mg/L KCl 6 hours 17 hardness = 140+10 mg/L Upper Waller et a. 1996
(walleye) CaCOs Mississippi
Science Center in
LaCrosse,
Wisconsin
Stizostedion vitreunl 50% mortality 12,060 mg/L KCl 24 hours unknown unknown unknown ORVWSC 1950
(walleye) (in McKeeand
Wolf 1963)
Exposuretime = greater than 24 hours
Anguilla  japonica survival 6,209 mg/L KCl 50 hours 20-22 unknown unknown Oshima 1931
(young eel) (0.1 M) (in Doudoroff and
Katz 1953)
Coregonus immobilization 10,368 mg/L KCl unknown unknown Lake Erie water unknown Edmister & Gray
clupeaformis 1948 (in Doudoroff
(Iake whitefish) fry and Katz 1953)
Gambusia affinis 920 mg/L KCl 96 hours unknown turbid unknown Walen et al. 1957
(mosquito-fish) (in Hammer 1977;
McKee and Wolf
1963)
Lepomis macrochirug 50% mortality 2,000 mg/L KCl 96 hours unknown unknown unknown Trama 1954
(bluegill sunfish) (in Hammer 1977)
Lepomis macrochirug 50% mortality 2,010 mg/L KCl 96 hours unknown unknown unknown Anon. 1960
(bluegill sunfish) (inMcKeeand
Wolf 1963)
Lepomis macrochiru§ 50% mortality 2,010 mg/L KCl 96 hours 18+2 soft dilution water unknown Petrick et a. 1968
(bluegill sunfish) (seePatrick et d. 1968
for details)
Perca flavescens death 1,360 mg/L KCl 72 hours unknown well water unknown Young 1923
(yellow perch) (3 days) (inMcKeeand
Wolf 1963)
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Pimephales promelas
(fathead minnow)

1to 7 daysold)

NOEC

500 mg/L KCl

168 hours
(7 days)

moderately hard
reconstituted water

EPA Newtown
Facility

Pickering et al. 1996
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Table B-4: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Pimephales promelag 50% mortality 861 mg/L KCl 168 hours unknown unknown unknown Beak unpublished
(fathead minnow) (7 days)
larvae <24 hours
Pimephales promelas LOEC 1,000 mg/L KCI 168 hours 25+1 moderately hard EPA Newtown | Pickering et a. 1996
(fathead minnow) (7 days) reconstituted water Facility
1to 7 daysold)
Exposuretime = unknown
Stizostedion vitreum immobilization 751 mg/L KCl unknown unknown Lake Erie water unknown Edmister & Gray
(walleye) fry 1948 (in Doudoroff
and Katz 1953)

Stizostedion vitreum death 751 mg/L KCl unknown unknown Lake Erie water unknown ORVWSC 1950;
(welleye) fry Anderson et al.

1948 (in McKee and

Wolf 1963)
Amphibians
Microhyla ornata|swollen head that| 2,000 mg/L KCl (0.29%) 96 hours 23-27 total hardness <75 mg/L natural Padhye and Ghate
(frog embryos and increased as CaCO® ponds/temporary 1992
larvae) buoyancy rainwater pools
inIndia

Rana pipiens reduced maximum| 14,911 mg/L KCl unknown 22 unknown commercia Grundy and Storey
(leopard frog) rate of reaction of (200 mM) supplier 194

pyruvate kinase
and phospho-

fructokinase
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Table B-4: Continued

Species of Toxic Exposure Exposure Water Chemical Composition | Source of Test Reference
Concern Response’ Concentration® Time Temperature of Test Water Organism
(C)
Scaphiopus  couchii|reduced maximum| 14,911 mg/L KCl unknown 22 unknown Tucson, Arizona| Grundy and Storey
(spadefoot toad) rate of reaction of (200 mM) 194
pyruvate kinase
and phospho-
fructokinase
Reptiles
No datawere found
Birds
No datawere found

! Concentrations given in molarity were converted to mg/L using the following molecular weights (Fessenden and Fessenden 1986):
Na* = 22.991 g/mol; Ca®* = 40.08 g/mol; Mg™ = 24.32 g/mol; K* = 39.1g/mol; CI" = 35.457 g/mol; C = 12.011 g/mol; N = 14.008 g/moal.

% Definitions of commonly used terms for toxic response (Hammer 1977; McKee and Wolf 1963):

- Lethal Concentration (LCsy) or Median Tolerance Limit (TLm) = concentration at which 50% of the test organisms die within a certain time period.
- NOEC = No Observed Effects Concentration
- LOEC = Lowest Observed Effects Concentration
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APPENDIX C: Summary of the Biological Effects of Road Salts on Aquatic Ecosystems

Table C-1; Canada and the United States

Ecological Specific Response Duration Baselineor Value of Source New Duration Additional Reference
Characteristic L ocation to Salt of Upstream Main of Loading | Concentration of New Notes
or Species Loading Response | Concentrations| Loading After Loading | Concentration
Affected into
Ecosystem
Streams'
macro- 20 springsin | severa taxa unknown 9.3mg/L CI unknown | ground- |8.1-1148.6 mg/L unknown length of stream | Williams et
invertebrate | southeastern | associated (pristine spring water cr affected a. 1997,
community ON with high CI at Glen Major believed to| (for 19 springs) unknown; CI" | Williams et
structure levels (e.g., Conservation be concentrations a. 1999
Tipulidae & Area) contaminat correlated with
Ceratopo- edwith CI’ level of
gonidae), fromroad urbanization
whereas salt
others(e.g.,
Gammarus
pseudo-
limnaeus &
Turbellaria)
found only in
springswith
low CI
drift of stream | Lutteral Creek, |increased drift| 6 hours; drift | <100mg/L CI" | unknown experi- | increase up to approx. 20 length of stream | Crowther &
benthic southern ON after 1000 returned to mental 2165 mg/L CI hours affected unknown| Hynes 1977
invertebrates mg/L CI"in | normal levels application| followed by
creek after decline
concentration
fell below 800
mg/L CI
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TableC-1: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration Additional
Characteristic L ocation to Salt of Upstream Main of Loading | Concentration of New Notes
or Species Loading Response | Concentrations| Loading After Loading | Concentration
Affected into
Ecosystem
composition | Humber River, |no affect; road)  unknown 13.8-241mg/L | unknown | winter use| 17.0-34.8 mg/L unknown - Kersey 1981
and diversity of[ northwest |saltinginareaj a of road salt|Cl" (Cedar Mills;
stream Toronto, ON | waslower (Albion Hills; February and
invertebrates than usual February and March, 1980)
during time of March, 1980
study
density of Heyworth increased |foralgae: last 3| 2-3mg/L NaCl | unknown ~1000mg/L | experiment = 28| length of stream
bacteriaand Stream, near bacterial weeks of 4 (upstream) NaCl days affected unknown
agae Heyworth, PQ| density and week
decreased experiment;
algal density | unknown for
with higher bacteria
salt
concentration
benthic Sugar Creek, increased see unknown unknown 53 mg/L ClI" and peak stream velocity
invertebrate WI, USA chlorideand | Duration of 28 mg/L Na" | concentrations | 0.23-0.64 m/sec;
community sodium New (peak occurred after a| differencesin the
concentration| Concentration concentration) | snow melt abundance and
event diversity of
benthic
invertebrates
(pollution
sensitive taxa
were especialy
different between
sites)
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TableC-1: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration Additional Reference
Characteristic L ocation to Salt of Upstream Main of Loading | Concentration of New Notes
or Species Loading Response | Concentrations| Loading After Loading | Concentration
Affected into
Ecosystem
diversity of 4 streamsby | decreased unknown 061 mg/L CI" | unknown | winter use | 523 mg/L CI unknown smaller flow rate, | Demers
aguatic insects town of diversity in (overall mean) of road salt | (overall mean) higher 1992
colonizing Newcombin | downstream downstream CI°
artificial Adirondack versus concentration,
substrates region of upstream and greater
northern NY, locations differencein
USA diversity between
upstream and
downstream
benthic RioenMedio | increased see 1.89mg/lL Na"; | unknown | roadsalt |4.87 mg/lL Na’; highest atleast2.2km | Mollesand
invertebrate | Stream, Sante | sodiumand | Duration of 0.38mg/L CI'; 861Cl; concentrations Gosz 1980
abundance and | Fe Ski Basin, chloride New conductivity = conductivity = | inarea3from
biomass Sante Fe, NM, | concentration| Concentration 319 uScm 68.8uS/cm (200 February to
USA (upstream m below road); [ April; yearly
concentration); 345mg/L Na'; averages
563Cl; greater for Area
conductivity = | 3thanAreal
55.2uScem (2.2
km below road)
alteration of various pollution from|  unknown unknown unknown | runoff from|  unknown unknown algal abundance | Dussart
algal community| streamsin road runoff M6 and diversity was 1984
Cumbriaand motorway affected, but itis
North not clear if this
Lancashire, change was due
England to road salt or
increased
nutrient

concentrations
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TableC-1: Continued
Ecological Specific Response Duration Baselineor Value of Source New Duration Additional Reference
Characteristic L ocation to Salt of Upstream Main of Loading | Concentration of New Notes
or Species Loading Response | Concentrations| Loading After Loading | Concentration
Affected into
Ecosystem
water quality, Pidgeon increased unknown 65.1-105.7mg/L | unknown [ runoff from|86.2-229.1 mg/L|  unknown other Matlby et al.
sediment quality| Bridge Brook, chloride CI" (upstream M1 ClI'(downstream contaminants 1995a; b
and biota Butterthwaite | concentration sites) motorway sites) (e.g., lead and
Ditch and zinc) were also
Rockley Dike, elevated
northern
England
L akes®
meromixisand | LittleRound | incomplete unknown unknown unknown winter monolimnion | approximately | pre-settlement | Smol et al.
changesinalgal| Lake ON vertical application| concentration 30 years agae= 1983
community mixing; of road salt| 58.4 mg/L Na, Cyclotella spp.
cultural 103.7mg/L CI' and Mallomonas
eutrophication pesudocoronata;
post-settlement
agae=
Stephanodiscus
hantzschii and
trace levels of
Synedra spp.
incomplete Lake anoxic primarily in 50mg/L Cl"in | unknown [urbanroad| 282mg/L CI" in | concentrations | surfacearea=1.9| Free&
spring vertical | Wabekayne, a| conditionsin spring August, 1979 sat February, 1979 | elevated for | ha; mean depth =| Mulamoottil
mixing (salt- | storm-water |bottom waters application approx. 3 1.84 m; volume= 1983
induced density | impoundment |and decreased in winter months 35x 10" n?
gradient; for benthic (February to
changesin Mississauga, | invertebrate April),
benthic ON diversity especialy on
invertebrate bottom
density
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TableC-1: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration Additional Reference
Characteristic L ocation to Salt of Upstream Main of Loading | Concentration of New Notes
or Species Loading Response | Concentrations| Loading After Loading | Concentration
Affected into
Ecosystem
incomplete FondalLake, [increased salt unknown 12mg/L (Frains| unknown | seepage 235 mg/L unknown asphalt pad | Tuchman et
vertical mixing MI, USA concentration Lake); 15 mg/L from salt constructed in a. 1984,
dueto salt (Portage Lake) storage early 1970s, Zeeb and
gradient facility reducing salt Smol 1991
input, but still
remained elevated
Wetlands
aterationsof | Pinhook Bog, [ absenceof | late1960sto 56mg/L CI total CI" | road salt max. single late 1960sto area=44ha [Wilcox 1982
plant species LaPorte numerous 1980 (control sites; | inputsto | storage | daily reading: | 1980 (when salt
diversity County, IN | native species| (when salt 1980 and 1981) |bog over 10| pile, road 1468 mg/L Cl" in| storage at the
(inIndiana such as storage at the year period:| salting of | 1979; 982 mg/L sitewas
Dunes Sphagnhum sitewas from salt nearby in1980; 570 | discontinued)
National  |spp. and LariX discontinued) pile=23 | highway, | mg/L in1981
Lakeshore) | laricinaand millionkg; | natural
invasion of fromroad | precipi-
salt tolerant sating=0.4| tation
species such million kg;
as Typha from direct
angustifolia precipi-
tation =
0.012 million
kg
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TableC-1: Continued

Ecological Specific Response Duration Baseline or Value of Sour ce New Duration Additional Reference
Characteristic L ocation to Salt of Upstream Main of Loading | Concentration of New Notes
or Species Loading Response | Concentrations| Loading After Loading | Concentration
Affected into
Ecosystem
number of egg | 35temporary | lower number see 0.337 mg/L Na"; | unknown | unknown; [0.788 mg/lL Na';| March to May, - Rowe and
masses wetlandsin |of egg masses| Durationof | 0.240 mg/L K*; although | 0.1.903 mg/L 1991 Dunson
deposited by central with higher New 0.478 mg/L higher Ca®*| K*; 0.820 mg/L 1993
spotted Pennsylvania | concentration| Concentration |  Mg®*; 0.220 may be | Mg®;7.282
salamanders of total mg/L Ca®* associated| mg/L Ca®
(Ambystoma cations (minimum with (maximum
macul atum) (Na', K*, concentration); presence | concentration);
Mg*, Ca’) maximum of minimum
number of egg limestone | number of egg
masses = 456 bedrock masses =0

! streams include streams, creeks, springs, and rivers.
2] akes include lakes and ponds.
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