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Introduction

Introduction

Background on Salt and Salt Brine Use in Idaho

The ldaho Transportation Department (ITD) uses a variety of methods to help ensure safe travel on the

state highway system following winter storm events. These methods include plowing, useldbsa

improve traction, and use @ranularsalts and salt brines (sodium chloride, magnesium chloride and

calcium chloridejor deicing.Material application rates (for granular salts, liquid brines, and-skid

sand) vary by district, based on the seteof the storm, the time between material applications, and

the pavement temperature. For a technical discussion of the freezing point of deicing chemical

solutions, refertaCl 2 ! Q& al ydzl £ 2F t NG ROgEamF 2N 'y 9FFSOGA DS

L ¢ Svitar maintenancepractices have evolved and improved over the years, as research has

demonstrated the safety and economic benefits of using various materials, and as new tedsfidog

tracking road conditions and materials usage have supported proactive, streamlined operations. ITD has

also taken steps to minimize potential negative impacts associated with salt and salt brine applications,
suchasthe addition of corrosion inhibors and carefustorageof saltstockpiles to avoid runoff. For

RSGIAfTAa Fo2dzi L¢5Qa YFGSNAIE A dzal 3SY KA&AG2NROFE &
maintenance materials research and practice, see the overview provided by Appendk B. ITDalso

publishes information about how the agency prepares for storms, its use eicargichemicals, and

how roads are prioritized for plowing on tHi€D Winter Miintenancewebsite

Purpose of This Report

While the use of salt and salt brines can help keep roads free of snow and ice, improving safety and
mobility, questions have been raised abdlié corrosive effectshey have orvehiclestheir

environmental inpacts and theircontribution to wildlifevehicle collisions (bigame animals may be
attracted to salt used on roadway9g)o better understand these potential impacts, ITD requested a
review of literature and state practices in each of these three aoé@s®ncern. This investigation also
included:

1 Faceto-face interviews with ITD stakeholders about their concerns
1 A survey of statelepartments oftransportation DOT$regardingtheir winter maintenance
materials and practices
1 A-review of federal enviranental regulations regarding the use of winter maintenance deicing
chemicals
1 Interviews withstaff at the Idaho Transportation Department and Idaho Department of
Environmental Qualiti 2 R2 OdzYSy 4 Fyeé @A2flFGA2ya 2N LISy (A
compiance with environmental requirements.
ITD will use the findings of this report to inform future practices in winter highway operations in the
state.



http://www.fhwa.dot.gov/publications/research/safety/95202/005.cfm
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Impacts of Using Salt and Salt Brine for Roadway Deicing

Overview of Report Brts

Part 1.Deicers, Inhibitors, and Vehicle Corrosion

This section of the reportrpsentscompleted and irprogress researctboth laboratory and field
studies)on thecorrosive effects o$alt and salt brines on vehicle components/parts. ihdings

include a review of laboratory testing approaches used for winter chemicals, nasiamalards and
specifications aimed at minimizing corrosion, dhd effectiveness of corrosianhibiting additives. The
report also presentd G I G S LINI O A OS &@tad takinhibitbrdee &nd Bthet sRateljies @a
minimizing corrosion, as ahed through survey responses and related documentation. Refer to the
Summary of Findings at the beginning of this section for an overview of key findings and conclusions.

Part 2.Environmental Effects of Roadway Deicing

This section presentgsearchand other literatureon the environmental impacts of usigganularsalts

(including sodium chloride, calcium chloride, and magnesium chloride), salsfsamed, and corrosion

inhibitors for roadway deicing. The report addresses potential impactsil, vegetation, water quality,

aquatic life, air quality, and animals (through ingestidijissynthesisalso summarizes federal

environmental regulations regarding winter maintenance deicing materials used by ITD, including

chloride salts and abrasives, abdt 5 Q& f S@St 2 F 02 Y LX Refeytax$e Somimark ( KS & S
of Findings at the beginning of this section for an overview of key findings and conclusions.

Part 3.Road Salt and Wildlif&/ehicle Collisions

This section reviews research and litire regarding the extent to which salt used for deicing may be
attracting wildlife to roadways, increasing the likelihoodndidlife-vehicle collisions. The report also
discusses strategies for minimizing collisions that might be related to salt dratisaluse, such as
using additives to repel animals and draining roadside salt pReler to the Summary of Findings at
the beginning of this section for an overview of key findings and conclusions.

Part 4. Appendices; Supplemental Information

In the course of this study, CTC talked with many individuals at ITD and throughout Idaho to gather
background information and resources. CTC also conducteeqaefion survey on behalf of ITdimed
at identifying the range of approaches to salt and abrasiges(as well athe use of additives and
corrosion inhibitors), the rationale for these approaches, any problems encountered and stepgdake
minimize negative impact3he surveyjuestions wererganizedaround thethree focus areas of the
research (coosion,environmental impacts, andildlife-vehicle collisions) with the goal of identifying
trends among the states surveyed, major similarities and differences, and notable praSeees
AppendixA for the full survey responses by questiorbg@rvatiors related to the three areas of interest




Introduction

are also included in each of the threeport parts Finally, CTC received several guidance and policy

documents from state DOTS related to their use of winter maintenance matdriaiss Q& ¢ Ay (i S NJ
maintenance pratices are summarized in AppendiXB 2 G KSNJ adGl 6SaQ 3IdzA R yOS R2(
online or from ITD
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Part 1. Deicers, Inhibitors, and Vehicle Corrosion

Part 1
Deicers, Inhibitors, and Vehicle Corrosion

Executive Summary

Background

The use of chemicals for afiting anddeicingroads is one of thenostcommonpractices in winter
maintenanceThe materials help agencies improve safety for the traveling public by speeding the
process of clearing snow and ice from roads and helping prevent snow and icepulidiide variety
of chemicalsareavailabé, and each has its advantages and disadvantages. Whiknsidither
chloride-based chemicals amgenerally effective and relatively inexpensitteey contribute tocorrosion
in themetals used in vehies. This corrosiohas been estimated toostbillions of dollars per year in
the United States(Koch et. al. 2002

Corrosiont the electrochemical oxidation of metatan be caused by many factonsgluding contact
between two different tygs of metals, microbes, or heating in the presence of oxyDeiting

chemicals are a major cause of corrosion on motor vehicles, however, because the chloride ions in salt
and otherdeicersproduce highly electrochemically active solutions when dissalvediter, including

the snow they melt.

To mitigate the impact of @hicle corrosion from chloridesganciesoften recommend regular vehicle
washing to remove corrosivehemicals from cars and trucks. Some state DOTs alsocauzsion
inhibitors, many baed on agriculturaby-products,to their deicing chemical#\cetatebaseddeicers
havealso been developethat contain no chloride and are therefore minimally corrosivet their cost

is significantly higher than chlorideaseddeicers ITD's practiceBiclude the use of solid salt, salt brine,
and magnesium chloriderine with corrosion inhibitors approved by Pacific Northwest Snowfighters, a
consortium of transportation agenci¢lsat tests deicing and antting chemicals.

While these efforts appeaothave had some positive impact, vehicle corrosion remains a problem.
Winter maintenance agencies are working to minimizedhwount ofcorrosion through careful
selection of chemicals and practices.

For examplelTD has minimized the quantities of sadied, according to a February 2012 Idaho

Department of Environmental QualitidE) report (Idaho DEQ 201pp. 29-30)ITD used

approximatelyl00,000 tons of dry salt and 4 million gallons of salt brrinne 201213 winter season

according to the 1%tate survey conducted as part of this synthésiseAppendixA).L ¢ 5 Q& | LILX A OF G .
rate of around 130 pounds of salt per lane mile, as reported il report, isignificantly lower

thanin other states, particularly in the Midwest, where applicatiates may be 600 to 1,500 pounds of

salt per lanemile. ITD has also started to use mobile data collectath GPS to collectata about

material application rates to improve practices and minimize chemical usage.



http://isddc.dot.gov/OLPFiles/FHWA/011536.pdf

Impacts of Using Salt and Salt Brine for Roadway Deicing

Nevertheless, there are still concerns angsomestakeholder groupsbothin Idaho and nationally,
regarding vehicle corrosion attributed to the usecbioridebased deicers, and particularly roadlt
(sodium chloride)To address these concerns, ITD requested a synthesis of research omnrtsiveo
effects of deicers, practices and products available to reduce corrosion, and state practices aimed at
mitigating the impacts.

Summary ofFindings

Vehicle corrosion from all sources has a significanttc$28.4 billion annually nationwide in gosion

related depreciation, repairs and maintenance, and engineering and material costs, according to the
most recent available FHWA estimat@soch et. al. 2002Since deicing chemicals arenajor source of
vehicle corrosion, agencies have invested considerable resources into trying to quantify the differences
in corrosiveness among chemicals and evaluate the impacts of corrosion inhibitors and other strategies
to minimize corrosion.

All cHoride salts used for deicingvhich includesodium chloride magnesium chloride, and calcium
chloride- are corrosiveln laboratory tests, sodium chloride has consistently been among the most

corrosive. However, A A YLX S NJ y 1 Ay 3 &fosiierieds @ Bifficafor SeeBaYrdaSdnd & Q

There are several widely accepted laboratory tests of corrosivehiesgever, hese tests do not always
produce results that agree with each otharthe corrosion performance of deicing chemicals in the
field. Environmental conditions are likely important in determining the relative corrosion rates among
deicing chemicals, because both magnesium chloride and calcium chloride are hygroscopic (water
attracting). In humid environments, these chemicals stick toametter than road salt and therefore
have more time to cause corrosion.

Several other factors affect the corrosiveness of a chemical. Vehicles contain several different metals,
and each metal reacts uniquely to various deicing chemicals. A deicas thatimally corrosive to steel
may cause serious corrosion to aluminum, for exam@lamatic conditions, methods of use, and
application rates all affect the corrosiveness of a given deicing chemical a€aretision inhibitors

further complicate mattes, as there are many unique formulations on the marked their effects also
vary based on conditions and the metals they come in contact with.

The difficulty of making definitive assessment of the corrosiveness of deicing chemisdllsistrated ly
the experience of the Washington State DOT 20®4 Salt Pilot Projeabne of themostextensive
field studies of deicer corrosiveness to date. Comparing the corrosiveness of salt vs. canoiibed
chemicals on steel, researchers found that toerosiorrreducing effects of inhibited chemicals that
were seen in the eastern part of the state were not apparent in the western part of the. §Bdeoga
2005,pp.43)
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Part 1. Deicers, Inhibitors, and Vehicle Corrosion

A 19state survey conducted for this investigation found that state DOTs usmhication of
approaches to reduce corrosion to vehicles. These include adding corrosion inhibitors to deicing
chemicals, outreach to the public and other stakeholders to encourage regular vehicle washing to
remove corrosive chemicals, and adjusting appilicerates and approaches.

It is also potentially illustrative to examine techniques used to minimize corrosion on winter
maintenance equipment, which is naturadlyposed to significant quantities of corrosive antng and
deicingchemicalsMany ageriesmakespecial efforts to mitigat¢he impact of corrosivehemicals on
this equipment, such asy carefulmaterial selectionusingmetal coatings, anthodifyingmaintenance
practices, particularly frequent washing/ashington State DOT identified seaebest practices for
mitigating corrosion on DOT equipment, including material selection, improved design, maintenance
practices such as vehicle washing, and effective@ntiosion coatings or salt removers.

DetailedFindings

Chloridebased chemicaJsn general, are the most corrosive deicing chemicals. However, tests disagree
about which of the three common chlorides (sodium chloride, magnesium chloride, and calcium
chloride)ismost corrosiveln practice, environmental conditions are likely img@ot in determining
relative corrosion rates among these chemicals, because magnesium chloride and calcium chloride are
hygroscopic (wateattracting).In humid environments, these chemicals stick to metal better than road
salt and therefore have more time cause corrosion.

Laboratory Testing Approaches

There are several standard laboratory tested toevaluatedeicerchemical corrosiveneséShi and
Akin 2010 A1¢A-3) Briefly, they are:

1 NACE TM 01695: Metal coupons are cyclically submerged idegcerchemical solution. Their
mass is measured before and after the test to determine how much corrosion took place.

9 Pacific Northwest Snowfighterases a modification of the NACE test to determine whettaer
approvecorrosioninhibited product for sale to PNS members. Metal coupons are immersed for
72 hourlong cycles consisting of 10 minutes of immersion followed by 50 minutes of drying.
Solutions are&eompared to distilled water and @ercentsodium chloride, and corrosion for all
solutions is "corrected" by subtracting corrosion due to the distilled water. Produgtere@ent
less corrosive than the salt solution may be approved.

1 ASTM F483This issimilar to the NACE test, but exposure is constant.

1 ASTM B117Another continuousspray test.
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1 SHRP F205.7: This is also an immersidest, but aspiratiorintroduces air into the solution.
Inhibitors should be tested at three concentrations, and testtis recommended to be
conducted for up to eight weeks.

1 SAE J2334This test includes procedures for dip, fog, or spray applications. Metal coupons
coated with automotive paint are exposed to a chemical for 15 minutes, followed by 17 hours
and 45 minues of drying, and then 6 hours in a 1@€rcenthumidity environment. The test is
run for 80 cycles, with flexible options for weekends and holidays.

1 Electrochemical techniquemeasure polarization as an indicator of corrosion rates. (Metal
corrosion is a electrochemical redox reaction in which electrons are transferred between
different types of atoms to produce new chemical compounds.) These are the most rapid tests
available, with evaluations available in under two hours.

Researclon Deicers and Corsion

LaboratoryTests

Most corrosion studies compaudgeicingchemicals using sodium chloride as an index. While steel is the
metal most frequently tested, many studibaveevaluatal the effect ofdeicerson multiple metalsin
published researchgsliumchloride is consistently among the mosirsive chemicals tested;

corrosion rates of salt on steel are often in the range of 40 to 50 mils (thotissod an inch) per year
(MPY)Because of differences in test methotlse research studies cited in thsynthesiseported rates

as low as 1.8/PYand as high as 130.1 MPY.

While laboratory corrosion tests may offer useful information, their context must be considered. As
lowa Hghway Research Board ProjectA R, "Evaluation oDeicingMaterials and Caosion Reducing
Treatments foDeicingSalts," notes"At present there are no data that link specification test
performance with field performancé(Nixon et al. 2009p. 17) It goes on to acknowledge thawhile

the multi-year salt pilot project in Washington Stagees some way toward developing some of the data
that [a significant test program] would require, even this field study, extensive as it is, does not provide
the information required.”

Field Tests

There have been limited field tests @éicereffects on corrosionField tests inVashington Statend

Ontario found that while many corrosion inhibitors reduced corrosion by at least 70 percent in lab tests,
they generally failed to meet that standard in the fiel@aroga 2005pp. 21¢34; Ontario Ministry of
Transportation2009)Four field tests performed by three agencies are desdribelow.
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Washington State DOT Field Test (262@04 Salt Pilot Program)

Among the most extensive field tests in the literature, tiiglti-yeartest designated 25to 60-mile
sections of highway where specifleicingchemicals rock salt and salt brineorrosioninhibited liquid
magnesium chloride, and corrosiamhibited liquid calcium chloride were used exclusively. Steel and
aluminum coupons were mounted onashington Stat®OT maintenance trucks that worked
exclusively within one of these highway dent and were therefore exposed only to a single chemical,
as well as supervisor trucks that were driven on highways where they might be exposed to multiple
types of chemicals. Coupons were also fitted onto fence posts within the project sections toeprovid
controls to measure "background" corrosion due to weatl{Baroga 2005)

This test showed mixed resul{®aroga 200%p. 43¢44) In the eastern parts of the state, corrosion on
truck-mounted steel coupons exposed to inhibited chemicals was signifidastiytharon those

exposed to salt, although these reductions did not meet the commonly cited Pacific Northwest
Snowfighters specification of "fiercentless corrosive than salt." These results were not replicated in
the western part of the state, althah those results may be skewed by a limited quantity of data.

In eastern Washington, guardrailounted steel coupons exposed to corrosiohibited chemicals
suffered more corrosion than those exposed to sRktsearchers did not offer an explanation tiois
result. This test was not run in the western part of the state.

Corrosion rates on aluminum coupongr particularly varied; in some instances, coupons exposed to
salt experienced more corrosion, but in others, corrodiamibited chemicals causedore corrosion.
Overall corrosion rates on aluminum werersfgcantly less than on steelh& steel coupons lost grams
of mass due to corrosion, while aluminum coupons lost tenths of grams.

Ontario Ministry of Transportation Field Test

While not publibed as a formal research report, the Ontario test was based on steel and aluminum
coupons mounted on roadsides where different winter maintenance liquids with varying quantities of
corrosion inhibitors were used. Results were inconclusive; the first dloasel that inhibitors reduced
corrosion in some cases but increased it in others. A second phase, involving more testing sites, was
similarly inconclusive; inhibited chemicals that performed well in lab tests led to increased corrosion in
the field as thenhibitor concentration increasedOntario Ministry of TransportatioR009

Colorado DOT Field Tests

In a 2002 Colorado DQTDOTield test five metal coupons of vamyy metals were mounted on
Plexiglas plates; these plates were mounted on seven privatRifertrucking company trucks and three
CDOT Region 6 maintenance trugks.and Xie 200p. 24¢25, 33.34) Differences in corrosion rates
could be seen on different trucks, most notably that trucks being driven between Denver and Grand
Junction suffered more corrosion than those driven between Denver and Puelilapplication
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records on the roads where the trucks were driven were not available, however, and no conclusions
could be generated

A 2009CDOTield testinstalled mild and galvanized steel coupons at sites in Aspen, Greeley, and Castle
Rock for timesanging from 255 to 451 day&Shi et al. 2009These coupons were exposed to chloride
baseddeicers although the specific chemicals were not specifidild steel corrosion rates averaged
0.09MPY, significantly lower than in other tests detailed in this and other reports. This seemingly
anomalous result is attributed to twkactors the long test time and the limitedeicerexposure.

Corrosion rates & greatest at the beginning of the corrosion process, because once corrosion forms it
serves as a barrier to further corrosion. Long tests will therefore have a lower overall corrosion rate.
Additionally, the metals in this test were exposedigicingchemicals for only a small percentage of the

test time. (Shi et al. 2009p. 214,216, 229)

Summary ofLab and Field Studies

Sodium chloride is consist#yn among the most corrosive chemicals tested in availtdideratory
studies.Corrosion rates of salt on steel are often in the range of 40 to 50 mils (thousandths of an inch)
per year (MPY), calculated as the weight loss due to corrosion/(area of testgdn * time * metal
density). Because of differences in test methagsch as the concentration of chemicals used,
differences in the method of chemical exposure, and differences in the cycle of exposure and drying
(without exposure to the chemical), cqraring corrosion rates from different tests may not be valid.
Different tests below reported salt's corrosion rate on steel as low as 1.6 MPY and as high &$P80.1
Oxygen is a necessary part of the corrosion process, so tests based on immersionl af oletmicals
produced minimal corrosiarfXi and Xie 209 pp. 32)

Below is an overview of the key research studies completed on the link betveesrsion and salt or
deicer use in order dafignificance

1C
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Table 1. Completed Research on Corrosion and Salt or Deicer Use

Test Method

RESIIS

20022004 Salt Pilot Project: Final Report for
the Washington State Department of
Transportation

Field

TheWashington State Department of Transportation 2§D204 Salt Pilot Project conducted a field evaluatic
of sodium chloride and corrosienhibited snow and ice control chemicals on steel and aluminum. On stee
corrosion rates for coupons exposed to saéire greater than those for inhibited chemicals, although inhibit
chemicals did not meet the Pacific Northwest Snowfighters' 70% corrosion reduction standard in the fielc
Corrosion rates varied widely for the aluminum compounds. Corrosion was sigtfilees to aluminum,
generally measured in tenths of grams relative to grams for steel, and conclusions may therefore not be
valuable.(Baroga 2005p 21¢34)

G/ 2NNR&AA2Y LYKAOAG2N

Field

Ontario Ministry of Transportation calucted laboratory and field testing of corrosion inhibitors on both stee
and aluminum in 2006 and 2007. Lab and field tests (in which corrosion coupons were installed on threa
nylon rods installed in patrol areas using different winter maintenancedg)levaluated NaCl brine, MgCl
brine, and a brine that blends NaCl, Ga@hdMgC}. Each chemical was tested uninhibited and with inhibito
rated to be 50% and 70% less corrosive than sodium chloride brine. Results were mixed. The first phase
that in some cases inhibitors reduced corrosion, but in others inhibitors increased corrosion. A second pl
with a larger number of field sites and coupons tested, was similarly inconclusive. Inhibited chlorides
functioned well at reducing corrosion inblaests, but for many of the tested inhibitors, corrosion levels in fie
tests increased as the concentration of inhibitor increag€htario Ministry of Transportatiowinter 2009)

Evaluation of Alternative Antcing and Deicing
Compounds Using Sodium Chloride and
Magnesium Chloride as Baseline Deicers
Phase |

Field

Mild steel and galvanized steel coupons (representing CDOT guardrails) were placed at field locASpas,in
Greeley, and Castle Rock, Colorado, for exposure times ranging from 255 to 451 days. Corrosion rates (
steel averaged 0.09 MPY, significantly lower than in any other tes?,reasons. Corrosion rates are greatest
when the process starts, asice corrosion forms on a metal surface it serves as a barrier to further corrosi
PNS and electrochemical tests measure corrosion rates at the start of the process, while this test evalua
over a long period. Coupons in this test also experiencethcomwith deicers for a small percent of the test
time. These sites used chloriti@sed deicers, although the specific chemicals used was not spe(#iectt al.
2009 pp. 214216, 229)
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Test Method

Results

Corrosion Effects déflagnesium Chloridand Multiple This study evaluated how different corrosion tests, and how chemical concentration, affected the results

Sodium Chloriden Automobile Components corrosion testf salt brine and liquid inhibited magnesium chloride on several metals commonly used in
vehicles. The hygroscopic (wattracting) nature of MgGhad a dramatic impact on corrosion rates; it was
more corrosive than salt in humid environments (100%tihetshumidity in this test), but salt was more
corrosive in dry environments or under immersigXi and Xie 2002p. iii) SAE J2334 indicated that Mg@hs
more corrosive than NaCl on steel, aluminum, and copper. The contirapyag ASTM B117 test fodifower
corrosion rates overall than the SAE J23334 test, and that NaCl was more corrosive thaanMginetals
tested (Xi and Xie 200Dp. 38;39).PNS tests found that Mg®¥as significantly less corrosive than N&Xi
and Xie 2002pp. 51).

“ b. 205t [ 2NNE3 A. 2y LYK PNS This study evaluated a corrosion inhibitor made from corptnducts from ethanol extraction. Three

Agriculturd By-Products: Potential . . N . - . .

| LLX AGFGAZYE Ay 21 a8 solutions that included the |.nh|b|tor (two conta|r1.|ng propylene glycol, ar.1d one containing calcium chloride

Gb20St /2NNR&aA2Y LyK met the NS standard_ of bemg_?O% less corrosive than_a 3% sa.lt solution on carbo(@eiha_n etal.

L3 NR Odet G deNT Materiald INE R da %hzlt;:s.IE;Eh;:z::g:;:szd;v:z;29.6% as corrosive asvdaile the propylene glycol solutions were

Performance(Kharshan et al. 2012a

Qualified Product Listing PNS This document lists the commercially available deicing products that have been tested under the PNS
laboratory test procedures and found b at least 70% less corrosive than a 3 percent sodium chloride
solution and are therefore approved for sale to PNS members. Dozens of products have been approved
listed with their manufacturer, corrosion rate as measured under the PNS standsyckrdration, and
approval date for each chemic#Pacific Northwest Snowfighters 2013

Summary of Evaluation Findinfys the Testing PNS The Highway Innovative Technology Evaluation Center evaluated Ice Ban, a collection,ahiM@aiGl

of Ice Ban

chemicals with agriculturally derived inhibitors. Corrosion rates on steel were between 3 and 18% of the
corrosion rateof salt. Uninhibited Mggshowed 33% of salt's corrosion rate, while Mg@ih a borate
corrosion inhibitor was 21% as corrosive as ghlighway Innovative Technology Eation Center 1999p.
24)
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Test Method

Results

Investigation of Materials for the Reduction
and Prevention of Corrosion on Highway
Maintenance Equipment

Modified PNS

This test evaluated the effect of concentration of several deicer chemicals on corrosion rates. Regalts va
greatly. Salt brine was roughly as corrosive whether applied in a 1.5%, 3%, or 6% solution. Calcium mag
acetate, mineral brine, CaCand Caliber MLO0O (a liquid magnesium chloride deicer with a edemived
inhibitor) became less corrosive esncentration increased, while an Ice Ban/salt brine blend became more
corrosive at higher concentrations, and GeoMelt (a beetived inhibitor for sodium chloride now known as
Beet 55) and potassium acetate showed no correlation between concentratidic@mosion(Nixon and Xiong
2009 pp. 12715)

a9 @k ftdzr GAYy3 GKS / 2NN
Deicers:! y 9f SOGUNROKSYAO

Electrochemic
al and PNS

This study evaluatedreelectrochemical test as a rapid alternative to gravimetric (welgsted) corrosion
testing. The electrochemical test matched results of the PNS test to a reasonable degree. Both tests fou
NaCl and Cagb have similar corrosion rates, while Mg&hd MgC}-NaCl blends were somewhat less
corrosive (although not enough to meet the PNS standard for inhibited chemi@&hisand Song 2008p. 4)

Evduation of Alternative Anticing and Deicing
Compounds Using Sodium Chloride and
Magnesium Chloride as Baseline Deicers
Phase |

Electrochemic
al and PNS

While this study focused on the corrosive impact of deicers on concrete and transportation infrasgructu
did include a component that investigated deicer impact on steel coupons. Electrochemical testing found
for 3% solutions of deicers, the impact of sodium acetate, potassium acetate, and sodium formate was s
enough to be considered nerorrosive to mild steel. CDOT's magnesium chloride blend, IceBan (dgiCig
based inhibitor), IceSlicer, and a salt/sand blend were all considered highly cor(8sivet al. 2009pp. 21X
213)The PNS test found that Apex Meltdown and IceBan passed the PNS specification of 70% less corr
than a salt solution, although barely. Uninhibited IceSlicer-{sded) was the most corrosive chemical,
approximately 25% more corrosive than salt. Peak SF (sodium formate), and CDOT's magnesium chlorio
were less corrosive than salt, but not by enough to meet PNS standards.

dt SNF2NXIFYyOS YR LYL
and Antilcing ProductsUser Perspecti
GSNBdza 9ELISNRYSyYyl ¢

Electrochemic
al

Commercially available deicers (which were not identified by name in the report) were tested on A36 mils
and compared to a blend of salt and sand-2B% NacCl by weight). One liquid chlorlulesed deicer as
slightly more corrosive than the salt/sand blend, while arbaged deicer and a second chlordased deicer
were significantly more corrosive. Potassium acetate and sodium acetate were significantly less cqfagiv
et al. 2008, pp. 13)
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Test Method

Results

Guidelines for the Selection of Snow and Ice
Control Materials to Mitigate Environmental
Impacts

Electrochemic
al

This study tested 15 deicing chemical and inhibitents at three concentrations (Asceived, 10%, and 1%)
on 5 different metals: structural steel, wrought aluminum alloy, cast aluminum alloy, free machining bras:
magnesium alloy. Overall, chlorit@sed chemicals each showed similar corrosion ratestructural steel at a
given concentration. This study suggests that field conditions, particularly related to hygroscopicity, may
more important factor than chemical composition in determining corrosion rates. The effect of inhibitors
varied widely in some cases they provided no detectable improvement, and in some cases their effective
depended on concentratior{LeveltonConsultant007, pp. 13%145)

Effects of Deing Agents (Magnesium Chlorid
and Sodium Chloride) on Corrosion of Truck
Components

SAE J2334 ang
ASTM B117

This test evaluated the corrosivity of MgGh both inhibited and uninhibited form, and NaCl on representati
metals used in the automobile duistry, including stainless steel 410 and 4L, aluminum 2024 and 5086, an
coated auto body sheets. The SAE test indicated that Mg@lore corrosive than NaCl for each of the metal
tested (by as much as 13 times higher for stainless steel 410), alttloedgtSTM B117 test indicated NacCl is
more corrosive than Mggbn stainless steel 410. A mixture of Mgatld NaCl was found to be more corrosivi
than either chloride alone. Coated auto body panels treated with electroplating edipaalloying strongly
resisted corrosion, while coated cold roll sheets were highly corroded. Due to the reduced oxygen
concentration in the ASTM B117 test, researchers suggested it may be a less realistic simulation of field
conditions than the SAE J23334 t¢Xi.and Olsgard 2000
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Neutral salt
spray

This was a UK evaluation of Safecote, a corrosion inhibitor. Rock salt with Safasd8% as corrosive as
plain rock salt to steel. Ca@lith Safecote was 34% as corrosive as rock salt, and,MiCSafecote was 18%
as corrosive(Burtwell 2004 pp. 536)

Evaludion of Selected Deicers Based on a
Review of the Literatuje

Multiple

As a literature review, this report did not include original research. It did include references to several old
papers that are difficult to acquire todagFischel 2001Relevant ppers reported included:
1  Environmental Impact of Road Saltif@pdium chloride causes the greatest corrosion to steel, amt
deicing products(Jones et. al. 1992)
1 Report on Laboratory Corrosion Test: MgEbduced less corrosion than FreezGard (liquidd¥g
which in turn was less corrosive than IceSlicer (inhibited NaCl) on mild(#tddb 1995)
1 Use of Road Salt for Deicing: Administrative Report Calcium magnesium acetate had the lowes
corrosion potential, MgGhad moderate corrosion potential, an@aGland NaCl had severe
corrosion potential(Vancouver City Council 1998)
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Strategies to Minimize Vehicle Corrosion

State DOTSs use several approachesniiigate the impacs of vehicle corrosion from chlorideBelow is

a summary of state practiceas shared byhe 19respondents to the state DOT survegnductedfor
thisinvestigation. Following this summary is additional information regarding each strategy shared,
along with information gathered about corrosion prevention efforts on winter mainteeavehicles
specifically.

Table2.wSaLRYyRSyiGaQ ! OliAzya (2 aAyAYAT S / 2NNRaAADS 9

. Response | Response
Answer Options P P
Count Percent

Use of corrosion inhibitors 10 53%
Information provided to public on importance wfashing vehicles 9 47%

0
and component parts
Reduction in volume of material used and/or frequency of use 8 42%
No steps taken 3 16%

Respondents reported other practices or efforts to address vehicle corrosion.

f /2t 2N} R2 5h¢ Q& ioa Suppbri FstaiVDSS)s usedl (b £akjunction with the
F3Sy0eqQa {idl yRINR hLISNI (Ay AMISEAaR &itoriiafed ysteyhA YA T S
that uses reatime data to assess road and weather conditions and predict changes in
conditions, both dud¢o weather and potential road maintenance activities, to aid in decision
making.

f a2yidlyl 5h¢Qa LJzmfAO 2dziNBlI OK KlFa 6SSy fAYAGSR
presented with a concern, the focus is on educating its customers on the challengdaruifg

winter driving safety with the less favorable impacts of the materials used to treat winter
roadways.

1 Washington State DOT participated in research to determine best practices to prevent
corrosion (Baroga 2005)

In addition, aitomobile manufactures have sought to minimize the impact of corrosion through
engineering and the use of corrosioasistant materials and metal coatingsoch et. al. 200%p. 10)

Using Corrosion Inhibitors

Types of Inhibitors
Ly Fy SFF2NI (2 NBRdzZOS RSAOAYy3I OKSYAOFfAQ O2NNRAA
their deicing chemical§.here are many types of corrosion ibiiors available on the markegnda
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number ofwinter maintenance chemads are sold with corrosion inhibitors includédanyinhibitors

are derived from agricultural bgroducts, and rmst have proprietary formulations, which makes
classifying them and drawing broad conclusions about any particular class of inhibitor difficult
addition, their compositions may not be published and available data may be of limited scientific value
(LeveltonConsultant007, pp.67¢68; 74,75)

NCHRP Report 577%Gudelines for the Selection of Snow and Ice Control Materials to Mitigate
Environmental Impacts,” identifies three basic types of inhibitors: those that limit the anodic (electrically
positive) halfcell of the corrosion reaction, those that limit the cathodelectrically negative) hatfell

of the corrosion reaction, and those that form a physical barrier on metal surfaces to prevent corrosion.
(LeveltonConsultants 2007Practichdanodic inhibitors include phosphates, carbonates, and silicates;

they are considered highly efficient at preventing corrosion, but are potentially dangerous because at
low concentrations they can accelerate corrosion in localized areas. Cathodic irhibilude calcium
bicarbonate, zinc, polyphosphates, and phioapates. Most organic inhibitors form protective barriers

on metal surfaces.

Most commercial inhibitors don't fall neatly into these categories, however. As the report states:

"Most commerci&inhibitors are organic compounds that cannot be designated as either anodic
or cathodic and are known as mixed inhibitors. The effectiveness of organic inhibitors is related
to the extent to which they reabsorb and cover the metal surface. Absorptitimeodrganic

inhibitor depends on the structure of the inhibitor, on the surface charge of the metal, and on
the type of electrolyte. Mixed inhibitors protect the metal in three wayshysical absorption,
chemisorption, and film formation."

Specifications ad Testing

Pacific Northwest Snowfightehas identified and developestandardsfor 12 categories adieicing
chemicals related to safety, environmental preservation, corrosiost-effectiveness and performance.
ITD, one of the PNS partner agencies, conducts corrosion téstifiNIn its Boise laboratory. Products
that meet thesestandards can be approved for PNSslified Poduct Listing Most of these categories
either include inhibitors or are chemicals that are significantly less corrosive than salt even when
uninhibited. The categories are:

Corrosion inhibited liquid magnesium chlori(dgC})

Corrosion inhibited liquidalcium chloriddCaG)

Liquid calcium magnesium acetate (uninhibit€@MA)

Corrosion inhibited sodium chlorid&lacCl)

Corrosion inhibited sodium chloride plus gércentmagnesium chloridéNaCl/MgG)
Corrosion inhibited sodium chloride plus gércert magnesium chloridéNaCl/MgG))
Solid calcium magnesium acetdteMA)

Non corrosion inhibited solid sodium chlorigd¢aCl)

= =4 =4 =4 -4 4 -4 4
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Corrosion inhibited liquid sodium chlorigacCl)

Corrosion inhibited liquid sodium chloride plus calcium chlo¢idaCl/MgG)

Corrosion inhibited liquid chloride blended brines

Experimental (for products that do not fit existing categories; it currently includes products with
potassium acetate, calcium magnesium acetate/potassium acetate blends, potassium
acetate/carbohydrate mateail, and chloride/carbohydrate blends).

=A =4 =4 =

TheQualified Product Listingicludes corrosion rates, as measured under the PNS test, for dozens of
specific brands afleicingproducts. As the composition of onercial products with inhibitors is often
not specified, this appears to be the only thjpdrty data available for many of the products in it.
However, the PNS corrosion tests are laboratoaged, and the results of field tests do not always
correspondwith lab results.

State Practices

The19r 3Sy O0e adzNBSe O2yRdzZOGSR Fa LINI 2F GKAA Ay@Sad
of various corrosion inhibitorg summary of the responsesn be foundelow. Appendix A provides all
the responss.

Use of Corrosion Inhibitors in Dry Salt

Three states (16 percent of respondents) reported the use of corrosion inhibitors in dry salt to minimize
the corrosive impacts to agency and public vehicles.

9 The majority of solid salt or salt/sand used in Mamé (75 to 100 percent) is prewetted with an
inhibited liquid. The salt used in solid form without prewetting is not inhibited.

T bS¢ ,2N)] {dGFdS 5h¢Qa alrftd aLISOAFTAOIGAZ2Y NBIj dzA N

9 In Wisconsin, corrosion inhibitoese used in 10 to 50 percent of the dry salt used. All but a
O2dzLJt S 2F (GKS aidldsSQa tw O2dzyiASa LINBgSiG GKSAN
inhibitors into their salt brine.

Washington State DOT had used an inhibited dry salt, but the mixlidrnot sample consistently for
guality and proved to be much more expensive.

Use of Corrosion Inhibitors in Salt Brine

More respondents are using corrosion inhibitors in salt brine than in dry salt. Still etdjes
(42 percent of respondents) ported the use of corrosion inhibitors in salt brine. (All three states using
corrosion inhibitors in dry salt also use inhibitors in salt brine.)
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Ohio reports the most limited use, with corrosion inhibitors mixed with less than 10 percent of the salt
brine used. In North Dakota and Wisconsin, 10 to 50 percent of the salt brine used is mixed with
corrosion inhibitors. I states- Colorado, Montana, New Hampshire, New York and Washingtarst

or all of the salt brine used (75 to 100 percent) is mix&h worrosion inhibitors. Some respondents
provided additional details:
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corrosim inhibitors. The agency does not add additional inhibitors.

1 Washington uses corrosion inhibitors with all liquid products.

Threestates- Idaho,Michigan and Utah reported the use of corrosion inhibitors with other types of
chlorides.The magnesium cblide used byTDincludes corrosion inhibitors as well.

Corrosion Inhibitors Used by Respondents

Seven respondents provided informatiofiable 3about the corrosion inhibitors their agencies use in
salt or salt brine. The most commonly used produétrgiClear (Montana, Washington and Wisconsin).
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Table3.wSéLJ2yIv?Sy(]éQ : as 27 |/ 2NJ\IJEé7\2y L)/K)\(')?\(]ZI\
State Product Vendor Website Reasons for Use
Colorado Boost http://w ww.caclwithboost.com/application Lab tests, flelq tests,
s.html agency experience
http://www.nasalt.com/products
ArctiClear applications/deicing/highway/blt Lab tests
specialty/
Montana
Headwaters 40F http://www.rivertop.com/ Lab tests

corrosion inhibitor

New Hampshire LOS . QD2 y S| hitp:/libgmagic.com/ Agency experience
Not known (YPS could bellow prussiate
New York YPS of soda,_ e_tnantl-caklng agent_ used _to treat Field tests
bulk deicing salt to help resist caking and
prevent clumping.)
North Dakota Geomelt http://wwvy.smsolutmp EEEAN S LT Product claims
(sample distributor site)
. http:_/ ’WV_VW-“""S‘T’"F-CO”T’WO"“C‘S Lab tests, field tests,
ArctiClear applications/deicing/highway/bukk a0encY experience
specialty/ gency exp
Washington Boost http://www.caclwithboost.com/application| Lab tests, flelq tests,
s.html agency experience
Various other
inhibitors in small Not known Field tests
tests
http://www.nasalt.com/products
ArctiClear Gold applications/deicing/highway/buklk Product claims
specialty/
Bio Melt 64 http://www.snisolutions.com/antiicing.php| Product claims
http://www.nasalt.com/products
FreezGard applications/deicing/highway/bulk- Product claims
Wisconsin specialty/ . - —
http://www.snisolutions.com/antiicing.php .
Geomelt — - Product claims
(sample distributor site)
http://www.scotwoodindustries.com/uplo
Ice Ban M80 ads/94/original/All%20About%?20IlceBan.p Product claims
f
ce Bite 55 http://www.univar.com/en/Marquee Product ¢aims

Ice.aspx

Table 4 showsaspondents also noted the use of corrosion inhibitors in materials other than salt and

salt brine
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http://www.scotwoodindustries.com/uploads/94/original/All%20About%20IceBan.pdf
http://www.scotwoodindustries.com/uploads/94/original/All%20About%20IceBan.pdf
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State Product/Vendor Reasons for Use
Colorado Envirotech Ervices and Desert Mountain Corporation (inhibite Lab test, field tests, agency
magnesium chloride) experience
Idaho Pacific Northwest Snowfighteepproved corrosiofnhibited
magnesium chloride
. Pacific Northwest Snowfight roved corrosiosinhibited .
Ohio . . ghteepp Lab tests, product claims
calcium chloride
A . . Lab tests, field tests, agenc
CC&B (inhibited calcium chloride) . S
. experience
Washington L ab tests. field test
A . ) ab tests, field tests, agenc
FreezGard Zero Plus (inhibited magnesium chloride) . gency
experience

ITD Corrosion Inhitor Field Test

In 2013, ITD initiated a field study in District 1 to evaluate how well ArctiClear Cl PlusgppPdied
inhibitor) reduces the rate of corrosion of mild steel when added to salt brine. This research was
initiated following a similar sty in South Dakota that found a positive correlation between the use of
ArctiClear Cl Plus and reduced corrosion rates as compared to the untreated sal{Wilkening 2014)
The District 1 study is scheduled for completion in the summer of 2014.

Adjusting Application Rates and Approaches

One method of reducing the corrosion caused by chilechideed chemicals is to reduce the quantity of
those chemicals that get applied to roadways. ITD has begun using mobile data collectors with GPS to
collect informaton about material application rates, which can ultimately help to minimize material
usage

One completed research project and one project in procasglescribed belovihave investigated the
effect of adjustments to application rates.

Research in Progss

Clear Roads Project 42, "Establishing Effective Salt and Aigtng Application Rateexpected to be
completedin October 2014, will updatguidelines iFHWA TE8, "Manual of Practice for an Effective
Anti-icing Program:A Guide for Highway Winter Maintenance PersdiirendNCHRP Report 526
"Snow and Ice Control: Guidelines for Materials and Metlia@garding effective application rates for
deicing and anticing chemicals while minimizing negative impacts.
http://www.clearroads.org/researciprojects/1202-saltand-antiicingapplicationrates.html
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Completed Research

The 2010 Clear Roads study on ligoidy plow routes focused on theaactice of duringstorm direct

liquid application of deicing chemicafSolorado Department of Transportation reported it had reduced
the number of complaints about corrosion effects, particularly from the trucking industry, by changing
its policies to ont apply chemicals to wet roads during or after storffeterson et al. 201®p. 2)

Outreach Recommending Vehicle Washing

To mitigate the impact ofehicle corrosion from chloridesgancies frequently recommend regular
vehicle washing to remove corrosighemicals from cars and trucksimost half of respondents the
state DOT survey for this investigatigported providing information to the puid on the importance
of washing vehicles. y L ¢ 5 0 NP CPKKIENBR 55751 A Ll ets3Hopiofic kadolv that K €
frequent vehicle washing helps to minimize corrosion

Vehicle and truck washing is not always practical, however. Facilities for washing cars and trucks are not
universally available, and manual washing is not feasible in winter. Additionally, some in the trucking
industry have suggested that this recomnaiation represents an unreasonable effort for transportation
departments to save money by passing winter maintenance costs ontaseis.

Reducing Corrosion on Winter Maintenance Equipment

Winter maintenance equipment can be particularly susceptibleotwasion due to its regular contact
with corrosive chemicals. Techniques for mitigating this corrosion include material selection, metal
coatings, and maintenance practices, particularly frequent washing.

A 2012 survey of private and government winterintanance professionals found that the risk of
corrosion on winter maintenance equipment was most significant to dump trucks, followed by liquid
deicer applicators, hoppers, and front end loadé€ghi et al. 201.3p. 33-35) Specific equipment
components most likely to suffer corrosion were electrical wiring, frames, brackets and supports, brake
air cans, fittings, and spreader chutes. Cast iron, carbon steel, and compositetheenaterials most

likely to experience general corrosion.

State Vehicle Washing Practices

Respondentdo the state DOT survey conducted for this investigatiffered the followingabout their
practices to wash or treat vehicles to minimize corrosaseociated with the use of salt and salt brine.

1 Inlowa, fleet vehicles are thoroughly washed with salt neutralizing/removal wash.
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1 Maine treats agency equipment with FluidFilm, a lanblased brand of corrosion preventive
and lubricant; seéttp://www.fluid -film.com/ for vendor information. Information about the
F3SyOeQa LINF OGAOSa NBtFGISR (2 O2NNRAaAA2Y A& I Ot
http://www.maine.gov/mdat/winterdriving/corrosion.htm

9 Kansas provides heated, enclosed wash bays to make it easier to wash trucks and equipment.

1 In New York, DOT trucks are washed frequently, and the agency uses stainless steel dump
bodies to minimize corrosion.

1 Washington has wash policy in place for agency vehicles, and Ohio and Utah wash down trucks
after every event.

Mitigation Practices Suggested in the Research

National Research

The final report foNCHRIProject25-25(04),revisedChapter 8 - Winter Operations and ®#aSand, and
Chemical Managemenhoted that spreaders are particularly exposed to corrosive materials. It advises:

"Spreaders should be manufactured from a material that will resist corrosion. Special chlorinated
rubber primers and epoxXyased primers W increase coating life. Stainless and galvanized steel,
and fiberglass bodies are available but can be relatively expensive. High strength, low alloy self
coating steelused with good surface preparation and special primers has been proven to
provide acosteffective body life of up to fifteen years. Manufacturers also supply spreader
bodies constructed of fiberglass. These bodies are lighter and thus provide increased payload
possibilities, but are also more expensive than stéiehy et al. 20130p. 37)

State Research

Washington State Department of Transportation Repd®-RD 796.1;ldentification and Labratory
Assessment of Best Practices to Protect DOT Equipment from the Corrosive Effect of Ubeicdcs])
identified best practices to minimize corrosion on DOT winter application equipment and vefgities

et al. 2013 The study consisted of a literature review; survey of private and government winter
maintenance professionals; a laboratory investigation of the effect of@ntiosion coatings, sprayn
corrosion inhibites, and salt removers on corrosion of steel caused by salt and magnesium chloride; and
a costbenefit analysis.

Strategies

The literature review found that corrosion on DOT equipment can be mitigated through material
selection, improved design, and menance practices. For example, a zinc coating on steel substrates
providesgood anticorrosion performance. Designs that minimize crevices, eliminate contact between
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different kinds of metal, and provide easy drainage from exposed surfaces can miniec#esppes of
corrosion. Frequent washing, with or without salt removers was found to reduce corrosion caused by
residual road salts. In most cases, Ipmessure washing was effective, although salts that have attached
and formed a complex with a metallsstrate must be removed with 40,0485i Ultra High Pressure

Water-Jetting.(Shi et al. 20130p. 28;30)

ProductTesting

The survey received 38 responses of coatings, salbvers, and corrosion inhibitors used by agencies

to reduce corrosion. The laboratory investigation evaluated the corrosion prevention effectiveness of
four anti-corrosion coatings (Zero Rust Red, Zero Rust Black, Rust Bullet, an&&albydour spragn
corrosion inhibitors (Krown, Shi3Shore, vegetable oil, and Rust Oleum), and six salt removers (MR 35,
HoldTight, ChloRid, SaltAway, soap wasad NeutreWash).(Shi et al2013 pp. 3%,36)

An initial electrochemical evaluation, involving two hours of immersion in@eBfentmagnesium
chloride solution, identified Rust Bullet, Luaal Krown, Rust Oleum, HoldTight, and ChloRid as
having the best anttorrosion properies.These products underwent further tests, including two weeks
of immersion of steel and aluminum coupons in a 3 percent magnesium chloride solution addywet
tests involving 40 minutes of immersion in a 30 percent magnesium chloride solution, folkywed

22 hours of air drying and washingghi et al. 2013pp. 3847) The immersion test found outstanding
performance from Rust Bullet, Krown, HoldTight, and ChloRid, whileéhdry test found significant
corrosion resistance benefits from using HoldTight on steel coupons, but not aluminum

Research in Progress

Clear Roads issued a request for proposals and will soon award a project to develop a best practices
guide for theprevention of corrosion on DOT equipmeite guide will be based on Washington State
DOTReport 796.1"Identification and Laboratory Assessment of Best Practices to Protect DOT
Equipment from the Corrosive Effect of Chemical Deitéttp://www.clearroads.org/research

projects.html
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Part 2
EnvironmentalEffectsof RoadwayDeicing

Executive Summary

Backgroum

Transportation agencies apply large amountsvofter maintenance materiat® roads annually to

control snow and ice and to restore friction to winter roads. Using theiséer maintenance materials
typically solid or liquid chloride salts, is critit@ public mobility and safet{TAC 2013n winter,

applying sodium chloride, magnesium chloride, calcium chloride, and other deicers helps to prevent or
break bonds between ice and road surfaces, while applying sand helps to improve trégtiien al.

2009 These practices reduce accident rates, improve travel times, and lead to fuel s§VAg2013)

They also provide significant economic betsefallowing workers and supplies to reach workplaces, and
consumers and finished goods to reach marketpla€B&C 2013\Vinter mobility is also critical to

quality of life and the functioning of emergency servi¢g@\C 2013)

Nevertheless, as the use wfnter maintenance materialsas increased over the last few decades, the
winter maintenance community and environmental agencies have become increasingly concerned
aboutthe effectsof these chemicalen transportation infrastructure, vehicles, and thewironment

(Fay et al 2013 evelbn Consultant2007) Deicing salts not only corrode vehicles and infrastructure,
they can damage vegetation through chloride uptake dathagesoil structure through sodium
accumulation. In addition, the presence of deicing materials on roadways hasatigis for drinking
water, air quality, aquatic life, and terrestrial animdlseveltonConsultant2007 TAC 2013esides the
estimated costs of winter maintenance, currenfl®.3 billion annually in the United States,
environmental and corrosion costs are estimated taalbéeast$5 billion annually(Fay et al2013

pp. 1)

Consequently, researchers have been investigating the effects of chloride salts andvivtiesr
maintenance materialen the environment since the 196Q&ay and St2012)Environmental research

is critical tohelping transportation agencies make the best decisions about the costs and benefits of
various deicing practices in given conditions. There is an increasing interest in finding environmentally
friendly deicers and engaging in proactive practices (su@neasgetting roads with liquicnti-icerg that
reduce agency use @finter maintenance material§LeveltonConsultant2007 Shiet al.2009 ITD is a
founding membeof the Pacific Northwest Snowfighters Associat{®NS)an organization that

established and implemente@sting appoaches for deicing and ariting chemicals. PNS uses these
tests to determine which products meet specific criteria related to corrosion, friction, and
environmental health. ITD and other agencies around the country use these results to select chemicals
that minimize negative impacts.
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including plowing, liquid magnesium chloride, sand, and solid sodium chléridstaff reported that

the agencyhasreduced its use of sand/anskid,noting that it cancontribute to air and water quality
problems.ITD haslsosouwght to minimize the amount of road salt it applies, with application rates of

from 130to 300 pound®f rock salt and 22 gallons of saliri® per lanemile - well below other states.

(IDEQ 2012ZRates in Midwestern states are as high as 600 to 1,500 pounds of salt penilanEurther,

80 percent of respondents tb ¢ 2@1%& Customer Satisfaction Sunsayd they were very or somewhat
satisfied withL ¢ Bviatér maintenance efforts(Kane & Flbz 2017

Despite these effortand the overall positive responseefnhave receivel L RIF K2 Qa8 RSAOAy 3
have been a source of concaimsome A number of individuals andterest groups have complained

about corrosion to vehicles and raised questions abouteingronmental impacts of salt use and its

role in vehele-wildlife collisions.The Idaho Department of Environmental Qualigs conducted

research orthe effects of chlorides on the environment, such as needle browamppine tree dieoff

in north ldahoand the possibility of elevated sodium and chlorid@eentrations in streamgIDEQ 2008

and 2012)DEQ has also investigatdte possiblenegativeeffects of the use of concentrated sugar beet
byproduct, as a corrosion inhibitor, on levels of phosphorus and biochemical oxygen demand in surface
waters Excesive phosphorous and elevatbibchemical oxygen demarievelscan result in a

deprivation of oxygen to some aquatic organisms.

To address these concerns, IfFHguesteda synthesis of the available information on environmental
impacts of the following €icing materials:

9 DeicingSalts. sodium chloride, calcium chloride, and magnesium chloride.
i SaltBrine.

1 ParticulateAbrasiveqa mix of sand, crushed rock, and other sediments).
1

Corrosioninhibitors.
Summary of Findings
Introduction

Despite the cleapublic safety and mobility benefits of using chloride salts and other winter

maintenance materials to control ice and snow on winter roads, environmental agencies and the winter
maintenance community have become increasingly concerned about these maderigsT F SOl a 2y
transportation infrastructure, vehicles, and the environment. Although the ldaho Transportation
Department has taken steps to minimize the amount of road salt it applies and the environmental

effects of deicing in general, and its winter ma&inance activities have not resulted in violations of
environmental regulations, the agency continues to look for ways to minimize the environmental
consequences of its winter maintenance efforts. Consequently, it is interested in better understanding
the effects of sodium and chloride on vegetation and water quality, and the effect of concentrated sugar
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beet byproduct, used as a corrosion inhibitor, on levels of phosphorus and biochemical oxygen demand
in surface waters.

We reviewed available literatura ithe following topic areas:

1 Environmental impacts of selected deicing materials.
1 Federal environmental regulations applicable to selected deicing materials.
T L¢5Qa €S@St 2F O2YLX AL yOS 4AGK SY@ANRYYSyll f

Environmental Impacts of Selected DeigiMaterials

To various degrees]l winter maintenance materials can affette environment, includingoil and soil
biota, vegetation, surface waters and ground water, air quality, and animals. Accordiegetion
Consultants ir2007, of greatest coren are the effects of abrasives on aquatic life and air quality,
chloride salts on vegetation, and organic biomass products on aquatitBfeelton Consultants 20P7
There isalso moderate concern about the effects of chloride salts on water quality and aquatic life. We
reviewed the available literature on the environmental impacts of chloride salts, abrasives, organic
biomass products, and salt brine. Overall, the literatugemss to suggest that chloride salts are the least
environmentally detrimental of the available options. A recent CR@ads studperformed by Barr
Engineering Defiermining the Aquatic Toxicity of Deicing Mate@atanked sodium chloride as the

least toxic of a number of deicing materials tested for toxicity

Chloride Salts

The greatest environmental concern for the usebloride salts is its effect on vegetation, followed by
its effects on water quality and aquatic life.

Salts can negatively affect vegetation via contact with foliage and the uptake of chloride and other ions
into plants from soils. The effects of diteontact¢ usually greatest within 10 meters of a roadway

can lead to tissue desiccation, the death of stems and buds on young shoots, delayed and reduced
growth, and premature leaf drop in conifers. Uptake of chloride ions can lead to leaf burn,dessie

plant decline, and reduced growth. The uptake of sodium is less detrimental, but high sodium levels in
soils can prevent water and nutrient absorption, leading to reduced growth. The vulnerability of plants
to these effects varies widely betweenespes. Most susceptible are younger plants and conifers, while
woody trees are fairly tolerant of salts and most grasses are adaptable to high concentrations. As to the
other components of salts, plants can tolerate calcium, magnesium, and potassiurh ieveds.

Using chloride salts for deicing can elevate levels of chloride, sodium, magnesium, and calcium in surface
waters and groundwater, with possible consequences for aquatic life (of moderate concern) and human
health (of low concern).
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Elevated sl levels in surface waters can prevent the mixing of lake strata during the spring and fall,
interfering with nutrient release and oxygenation and so harming aquatic life. Chloride can also be
directly toxic to aquatic life, with widely varying levelgmficity for different species. According to
Environment Canad#,percent of aquatic species are affected at chloride concentrations of 210 mg/L
and 10 percent at 240 mg/(Environment Canada 201But overall, the literature suggests that

chloride concatrations that can harm fish are seldom caused by highway deicing, and most studies
have found no effects on microfauna and invertebrates. Larger bodies of water and streams with greater
flow rates are less at risk than smaller bodies because of theirc@ga dilute incoming chloride.

Further, chloride will not accumulate from year to year if there is enough water to produce runoff, and
levels usually surge during winter and thaw periods in affected areas and decline thereafter.

Beyond the aquatic edtcts of chloride, the other components of deicing sakedium, calcium,
magnesium, and potassiugiare essential nutrients for animals and plants, are common in unpolluted
waters, and are consequently highly tolerated by aquatic life.

Studies have alsinked deicing activities to elevated chloride concentrations in groundwater, and have
aK2gy GKIFG OKf2NARRS OFy FOOdzvdzE 4GS gAGK GAYS Ay 13
drinking water standard (25Mg/L). Sodium in groundwater has also beémoncern, and the

Massachusetts Department of Transportation receives on average 12 complaints per year about sodium
levels in drinking water. While the EPA does not regulate sodium in water, there is some concern about

its effects on people with hypegnsion or heart disease. Nevertheless, the levels of sodium due to

deicing salts in drinking water are unlikely to contribute significantly to daily sodium intake for human

beings.

For soils, the literature shows overall that while chlorimlsed deicingalts may decrease their

permeability and aeration, there is no evidence that it damages soil to a significant degree. Chloride has
not been shown to negatively affect soil structure; there are no documented cases of sodium affecting
the stability of roadide soils; and calcium and magnesium are thought to benefit soil structure. Further,
based on limited available data, it is thought that the use of salts does not significantly harm microbes in
roadside soils beyond narrow strips near roads that are diratisturbed by the presence of traffic.

Finally, chloride salts are thought to have little effect on air quality and animals. Because they reduce
FoNF aAaA@S dzaSz (KS& | NB (K2 dléeitoniCansuits®@0a7pp.60pli 0 Sy ST
YR 6KAtS GKSNB FINB &42YS NBLERNIa 2F G2EAOAGE G2
animals have high salt tolerances, especially when adequate drinking wategilisble¢ (Levelton

Consultant2007, pp.62)

QX

Abrasives

The primary environmental concerns for abrasives are aquatic life and air quality. Abrasives pose a
significant riska@ aquatic life either via particles impairing fish habitats by blocking spaces between rocks
in the beds of bodies of water (particulate bed load); or particles suspended in water (total suspended
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solids), which may block sunlight and eventually contriliatparticulate bed load. According to Fay

2013pagei TpnNnX a! ONI AA@Sa L12aS aArAayATFAOLyd NRaAl F2N gt
aquatic species especially during spring rugdftaples et al. 2004-urther, a 2001 study found that

abrasives are not only worse for the environment than salt, but less econorf8calup and Ruess

2001, pp. 50

The use of abrasives can also effair quality by increasing RWD particles in the air, leading to air
pollution and threatening human health. Studies have shown that reducing the use of abrasives leads to
significant reductions in PNIO emissions.

Finally, abrasives are thought tovelittle effect on soils. However, while there is limited data on the
effects of abrasives on vegetation, it is thought that in sufficient quantities they can stress and smother
it.

Organic Biomass Productdsed as Corrosion Inhibitors

The use of orgaic biomass produces are of high concern for their effects on aquatic life. Organic matter,

such as CSB used as a corrosion inhibitor, can increase biochemical oxygen demand in receiving waters,
depriving aquatic life of oxyge@nlyone study addressindné environmental effects of using CSB

specifically in deicingras located Clear Roads found that the deicing product Beet 55 led to potentially

toxic levels of dissolved oxygen for fathead minnof@sear Road2013) Also relevant is the literature

on IceBan, a group of agricultural byproducts patented for use as roadway deicing aigingnéigents,

including the liquid residue of fermented corn byprodsioivhich has been shown to cause

GSdzi NP LIKAOF GA2Yy 2F 6l GSNE 6KAOK gAft NBadzZd Ay (K
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small amounts of phosphorus can dramatically harm aquatic ecosystems.

Salt Brine

No studies werdound focusing on the environmental effects of brine specificalp@posed to sodium
chloride in generalTheuse of brine in prewetting roadways is thought to be environmentally beneficial
because it leads to less use of salt, although radioactivity can be a concern for brine obtained from
groundwater wells associatealith oil and gas drilling.

Federal Environmental Regulations Applicable to Selected Deicing Materials

U.S. federal environmental regulations do not specifically address the use of road salt and other winter
maintenance materials. However, there are r&gions concerning the levels of contaminants in air, soil
and water that apply to the components of road salts and other deicing materials. Appli¢aBle

federal regulations includethe Clean Water Act, the U.S. Safe Drinking Water Act, the CleAntAir

and the Endangered Species Act.
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C2 NJ I lj dzI G A ONationaFReécmMnieKdsd Veater Qdlity CritdE®A 2013pincludes
recommended surface water thsholds for the protection of aquatic life and human health for about
150 pollutants. These include chronic and acute thresholds for chio®@® mg/L and 230 mg/L,
respectively. EPA regulatiorSRA 2013falso list maximum drinking water levels for various
contaminants. Chloride is not regulated, but it is on the secondary drinking water standard list with a
limit of 250 mg/L.

lfaz FLILX AOFoES | NB (B 2@ PrHo@ever, [the BRAlhakzindt yetinddregséd: y R N.
toxicity in soils(Levelton Consultants 2003p. 28 As for regulations related tonémal life, when

deicing materials are used on roads near endangered species, the Endangered Species Act requires that

the threat to species be evaluate@l).S. Fish and Wildlife Service 2013

L ¢ 5 Qehof CoSgiance with Environmental Regulations

L¢5Qa O2YLIX AlFIYyOS 6AGK SY@ANRBYYSyYyidlft NBIldZANBYSyia
IdahoDepartment of Environmental QualitiDEQ) and at the federal level through the U.S. EPA. Water
guality is monitored by the EPA primarily through National Pollutant Discharge Elimination System

(NPDES) permits, which are issued to facilities in urban areas that discharge stormwater runoff,

including snow melt runoff, directly to surface watBiationalPollutant Discharge Elimination System

permits address discharges of runoff through a municipal separate storm sewer system (MS4) involving

a relatively small percentage of total ITD highway miles.

Our review did not identify any notices of violationued to ITD districts, and we identified just one
expression of concern regarding use of salt for winter maintenance, in District 1. Further, IDEQ
confirmed that salt in northern Idaho waterways does not appear to be a cause for concern at this time,
notingthat excessive use of sand would be a bigger concern.

In general, federal and state citations of state DOTSs for violating environmental requirements due to
winter maintenance activities appears to be rare across the countthelmultistate survey coducted

as part of this synthesis project, orlpf the 20 states responding to a survey question on violations
indicated any kind of enforcement action.

DetailedFindings

Components of Conce

[ S@St 2y | 2 \GaiddinéslfoytiezSaectiom®haw and Ice Control Materials to Mitigate
Environmental Impactone of the most authoritative and comprehensive sources to date on the
environmental effects of snow and ice control materials, defines components of concern for the deicing
materials undeiconsideration as followgLevelton Consultants 200@p.29-30)
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Components of concern for chloride salts, which can affect soil and water quality, include:

1 PrimaryComponents: Chloride, sodium, magnesium, calcium.
1 PossibleByproducts: Heavy metals, cyanide, phosphorus.

Components of concern for abrasives include:

1 AirQuality: PM10 and PM2.5 particles.
1 WaterQuality: sedimentation, including total suspended solids and pattte bed load.
9 PossibleByproducts affecting soil and water qualititeavy metals, phosphorus.

Components of concern for corrosion inhibitors include:

9 The possible byproducts of organic matter (complex sugars), derived from agricultural beet
processig, which can affect soil and water quality: dissolved oxygen and biochemical oxygen
demand.

1 Heavy metals, phosphorus, and nitrogen found in other types of corrosion inhibitors.

[N
A
(p))

{y2¢6 YR AOS YIFIOGSNAItA OFy 0S RA attstotagéb6R Ay (2
application on roadways (Levelton Consultants 200f@p.25) In particular, during application materials
GFrNB RSLIRAaAAGSR 2y NERI Ra AdraSity drdinade,2or ppWil(Yeveitddf | A KAy 32
Consultants 2007%p.25)Once on roadside soils, components of snow and ice materials may:

1 Directly affect soil structure and soil b#t

1 Be taken up via the roots by vegetation (chemicals may also directly splash on vegetation during
application or by subsequent traffic).

1 Be washed by precipitation into surface waters and groundwater, where they may affect aquatic
life and human health.

Be entrained in the air, causing air pollution.

Be ingested by animals.
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Levelton Consultantsn page 2@dapts the following chart from TRB to illustrate the overall
relationshps between pathways(TRB 1991)

Snow & Ice

Control Materials Initial Discharge

V

Application to Roadway

Salt Remains on

/

Splashed, Sprayed,

Release During Transport
or Storage

Transport to Environment

Roadway & Drained, Plowed to
Dries to Powder Roadside as Liquid
3
: Drains into .
ng_hsﬁpeed Surface Water Percolation Percolation
rare via Roadway Splash or Spray into Moderate- into Slow to
Resuspends Drai ' Contact with well Verv Slow
Material as an ranage or Vegetation to Well- y ]
Airborne Dust Percolation Drained Soils Drained Soils
Through Soll
v v \i
Transported Off Salt '
Road by Wind & Transport to Accumulation
Currents Groundwater in Upper
Level of Soll
IMPACTS IMPACTS IMPACTS IMPACTS IMPACTS
1. Vegetation 1. Water 1. Vegetation 1. Water 1. Soll
2. Soil 2. Stream Flora 2. Vegetation Structure
3. Water 3. Stream 3. Flowto 2. Vegetation
Fauna Water Body 3. Erosion

Figure 1 Overall Path of Show and Ice Control

The literature review that follows is organized by pathway, and where applicable, by component of
concern or specific environmental effect.

Effeds on Soil

I O02NRAY 3 G2 (GKS ¢ NI yaLR NlSaiMatagementGuigeO Xelgdek Fiy 2 F  /
water from winter roadway maintenance activities can infiltrate soil either directly through the melting

of snow banks, salt stockpiles and saltsspand splash, or indirectly through surface runoff in ditches
(TAC 2013p.56)
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¢CKS I @GFAtlLoftS tAGSNY Gdz2NE 2y GKS STF¥FSOGa 2F RSAOAY
that:
1 While salt in soil may decrease its permeability and aemativith high clay and organic content
az2zAafa vyzald G Nralz GKSNB Aa ay2 SOARSYOS FTNRY
damage soil structure in highway rigkiéway to any significant degreg(TAC 2013p. 60)

 Saltinsoilsmayraise PEEONBS I 84S a2At FSNIAfAGET aYz2oAftAl S
ddzoaSljdsSyidte | FFSOU INRdzyRgI GSNI FYyR G4SNNBaidNRI
in these areas(TAC 2013p. 60)

NCHRP similarly concludes that the direct effects of deicinghdate f & 2y &2Af & &l NB 3ISy
O2yOSNYs> odzi ayz2¢ FyR AOS O2yidNRf YFAOASNRIFIET OFy Ay
materials in soil can further affect water systems and vegetatidregelton Consultants 200f@p.2)
bSOHSNIKSE Saazr GKS fAGSNI GdzNE NBEGASESR 6St2¢ ada3as
roadways can cause the swelling and compaction of soil, change its electrical conductivitydand lea

loss of soil stability by means of dmgt cycling, osmotic stress, and mobilization of nutrients

(Environment Canada 2010)

Chloride Salts
Infiltration and Zone of Influence

Salt concentrations in soil from maintenance activities generally dexkeiis increasing soil depth and
distance from the roadLevelton Consultants 200VAC 2013)

Levelton Consultant®t NCHRP Report 5¢ited several reportssodium and chlorigl levels in soils

I R2F OSy i G2 ay2g¢ IyR A0S YIAYyGSylryoOoS | OGABGAGASA |
edgeé¢ (Prior and Berthouex 1968milarly,TAC 2013 citednother studythat found a significant

decrease in sodium chloride within 2 nees of roadways(Pederson 200(lowever Levelton

Consultantsn NCHRP Report 577 cites a study to the effect that higher than normal concentrations can
200dzNJ al a FIFN Fa wzEHySra SlSmittiF 188 26)1 &v&StonNBrisutants &

cites wo other studieshat O2 Y FANY G 0S@2yR mMn YSGSNEZI O2yOSy d NI GA
OKSYAOIf & RNERLILISRcheldw 500 ppri (Bad@parymiliont f&r Bdhtsadium and

chloride (Eppard et al. 1992 ainet al. 2001)Further,Leveltor/y 2 y a dzf G yGa highA §S b2 @20y
springtime salt levels disappear in the summer as salt readily lea@t@®tny 1999)A 2002 evaluation

of sodium accumulation in soils and plants along Massachusetts roadsides concluded that

concentrations ranged from 10hg/kg at 5 feet to 16 mg/kg at 30 feet from the roadside, with a

marked decrease aftet5 feet. (Bryson and Barker 2002)

[ §08t (i2y /[ 2yaddg il y i sstadiedt at thetBpsh Ninfiltsation is Woally K& dzS E Q &
greater thanl meter. (Priorand Berthouex 196® ! / OA(GS& 2y S &adGdzRe GKI G F2dzy
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concentrations were in the top 1.3 cm of soil dropping off rapidly thereafter to normal background
levels at depths ranging from 102 to 127 .€ifiHaneset al. 1976)

Accumulation

Several studies have showed little accumulation over time of deicing salts in soils. A Saskatchewan study
in which soil and water sampling was performed at various sites over several years found little
accumulation of salts in soils after 10 years:

X | Iqiy&aksJof deicing salt application, there is a slight increase of ion levels at the selected

site[s]. However, levels have not changed significantly and the environmental impacts are

minimal along this highway. The study indicates that although thesebean some

accumulation of salt in the soil after winter, it is insignificant due to the groundwater flow and

the sandy nature of the subsurface. A different set of geological characteristics could have led to

an entirely different outcome. The fact thelighway #46 does not have high deicer application

rates could also be a reason for this insubstaritnpact of deicer applicatioriJin et al 200§
SimilarlyFaycited Hnndg aiddzReé aGaz2if al yvYLX Sa 02ttt SOGSR Ay Gl
accumulation of salts, despite the observed damage to trees by deicing ¢kltsick et al. 2009)

For chloride in particular, a 2005 Washing®tate DOT study evaluating the environmental effects of

the use of road salt used on four sections alo8@ Found that regardless of whether corrosion
AYKAOAUZ2NB 6SNB dzaSRX daOKf2NARS fS@Sta F2dzyR Ay N
were found to be generally low and well below any applicable regulatory standards or guidelines

(Baroga 2005pp.4)

A 2008 study found that for soils in urban areas of Eastern New York, magnesium chloride ions were
more abundant than sodium chlorideris, despite more frequent use of sodium chloride for deicing,
suggesting the latter leach morapidly. (Cunningham et al. 2008

Effects on Soil Structure
Sodum

Deicing salts can affect soils by exchanging sodium cations with the magnesium and calcium cations

Ff NBFRe Ay (GKS az2Aatsx FFFSOGAY3I aaildNUzO(GdzNE 06 LISNYSH
mobilization of trace metals &6 ¢ ! /pp. 3i7)iTineoeXchange is higher in clay s¢lAC 2013 citing

Joneset al. 1986 Fay (2012) cites further literature to the effect that sodium can displace organic
OFLiA2ya Ay az2ifaz AaNBRdAzZOAYy3I &a2Af LISNNaSdranafff AGe& I yR
and erosiore (Public Sector Consultants 19%8amakrishna and Viraraghavan 2p05
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Fay further note®n page 2757

Sodium accumulation can cause increased soil demsityiced permeabilityhigher alkalinity,
moisture retention, and loss of soil fertility, which can reduce plant growth and influence
erosion (TRB 1991%odium chloride migration through soils can cause soil swelling, increase soil
electrical conductivitycause loss of soil stability from drying and wetting cycles, and cause
osmotic stress and mobilization of nutrients and metals impacting the localized environment
(Ramakrishna and Viraraghavan 20@nvironment Canada 2010)

Similarly Levelton Consultas 2007NCHRP Report 5¢6ncludes that sodium can break down soil

structure, reducing permeability by reducing particle sizes and so increasing runoff and erosion and

affecting the structural stability of roadd_evelton Consultants 200@p.48-49) But according to the

CNF YALRNIFGAZ2Y ! 2aa20AF0A2y 2F /IFyFRI WwamoX F2N (K
APSd INBIFGSNI GKIFY mp: 20dzZidkSRasat BARSEDKE YHS DNRIMZ
(Public Sector Consultants 1998HRP Report 57dund no documented cases of sodium negatively

affecting the stability of roadside sailsevelton Consultants 200@p.51)

Chloride, Magnesium and Calcium

Chloride has not been shown to negatively affect soil structure, although it can increase osmotic

pressure by iareasing soil conductivitylevelton Consultan®007, pp.48) Levelton Consultants also

cited authors that stated bot® I £ OA dzY Yy R YI 3y SaAdzy a0 SpgrRReakildy A Y LINE @
by increasing aggregation of fine soil partid€blovotny 1999 Bohn et al. 1985)

Fayin 2012 also cites literaturby Defourny to the effect that calcium and magnesium improve soil
structure: a OF £ OAdzY | YR YI 3y SaA dayinceasé doisyability Kper@eabilioy, asdy T 2 dzy
FSNXGA2yY tA1St@ (KNRdAzZZIK 2 NHBDPeohrdy 2000)R Ay 2NAF YA O LI

Heavy Metal Mobilization

¢CKS @IFNA2dza O2YLRYySyida 2F NRBIFIR alfidaz AyOfdRAYy3 &
displace heavy metals already bound to soil particles in a process commonly referred to as heavy metal
Y2O0AE AT FOA2YE | (EceRaMICansuka@K20K &7 Y I &

X esddb onto other soil sites, interact with soil organic material, form metal acetate pairs,
bioaccumulate, or move with the hydraulic gradient in groundwater with eventual discharge to
surface water. Mobilized metals are more biologically available thdfbeand metals and pose

a greater risk to vegetation, terrestrial organisms, and aquatic(B#iott and Linn, 1987

The potential for mobilization is greater when the soil already contains high levels of nfletais et
al. 2000cited by Leveltondhsultants 200y
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A recent studypy Nelson et al. found that immediately after salt application, metals could have

concentrations 50 to 1,000 percent greater than normal, with sodium chloride leading to a larger

increase in lead and copper than magnesiurntodde, and magnesium chloride leading to a larger

increase of cadmiu(Nelson et al. 2009)AC 2013 citesnather studythata K2 ¢ SR al I NBS LI
Pb, Cu and Zn in roadside soils is vulnerable to leaching when exposed to a high NaCL congentration
(Norrstrom 1998TAC 2013 also citeal2004 studyhat found increased heavy metal concentrations

during the winter at sites where sodium chloride had been used for dei@agktrom 2004)

Some laboratory experiments suggest chloride can displaceyhmatals from soil to groundwater

(Amrhein and Strong 199Bublic Secto€onsultants 199Doner 197&ited by Levelton Consultants

2007 However, supporting field evidence is limdtevith two studies showing not significant effects

(Pilon and Howard 198®ussato 200kited by Levelton Consultants 20@he studycited by TAC 2013
onpage6ai K2gSR t2¢ S@Sta 2F YSGrfta Ay 3ANRdzyRgl GSNI 4
metals were not highly mobilized by elevated chloride legdldoward et al. 1993)

Similarly, Fajn2012onpagei TptT OAGSA f AGSNI GdzNB adaA3SadAy3a (KL
G2 Y20Af AT S KSI@e YSilta FNRMdoasksSinsois with highyéldy2z 3 NP dzy
content YR 2@SNIff GKIFIG dqaltd O2yGFYAYyLFrGA2YyY 2F &az2Aift ¢
transport from the roadside to receiving wated$Sucoff 1975aTRB 1991; Environment Canada 2010;

Defourny 2000)

Levelton Consultants in 2007 cites several authors stating tailum and magnesium can also displace
heavy metals, but are likely to have less effect in this regard than so(Mimters et al. 1983Horner
1988 ElliotandLinn 1987; Amrhein et al. 199gspite these concerns, we found not documented
cases of significant problems with heavy metal mobilization due to the use of winter maintenance
materials, in ldaho or other states.

Abrasives
l 9N} aA@Sa aKI @S TS¢6 RA NB Otiche®igally3eadi and t2ngd to dethdinfon 6 S O dza

the surface of the sa# Leuelton Consultants 200@p.51) However, some abrasives have high levels of
such trace materials as metals.

Organic Products and Corrosion Inhibitors
For organic products, including those used in biomass products used as corrosion inhibitors with salts:

There is limited specific information detailing the effects of organic products on soil properties,
but, based on their organic constitution, it is expected that they would be subject to
degradation by soil microrganisms. Degradation could lead to anaerobic conditions in the soll,
which can decrease soil pH and increase the solubility of adsorbed n{e&aislton Consultants
2007, pp.50)
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Effects onSoil Bota

According taNCHRP Report 577

High concentrations of salts in the soil can affect soil microbial activity via osrireis as well

as apparently iorspecific stresses, though the magnitude of the effect is very difficult to gauge.
Organisms tend to be highly adaptable and soil characteristics (e.g., pH, ion exchange capacity,
ammonium level and fertilization state, andatnic water potential) can influence the magnitude

of effect. The organisms most likely to be at risk are those in intimate contact with the dissolved
solids in the soil water (e.g., protozoa, nematodes, earthworms, and arthropodsjvelion
Consultants 200pp.51)

Levelton Consultantsoteson page 53hat there is not much data on the effects of deicing salts on
microbes in soilsvith the most comprehensive available soamf information being Environment

I | y I Rioriy&ubstances List Road Salt AssessitButter and Addison 200This report makes
inferences from studies thatadnot directly address the effects on soil of snow and ice control materials.

.FASR 2y GKS T @FAflFofS NBASIFNOK GKFdG 6S NBOASS
control practices do not pose a significant risk to roadside microbial popwath ¢ 2 dziaA RS 2 F
strips near roads that are already disturbéldevelton Consultan2007, pp.53)

Chloride Salts

Salts in soils can affect microbes via osmotic stiggselton Consultan®007) Levelton Consultants

cite on page 52, the following authotdowever, soil strips are narrow, already are disturbed

environments with organisms adaptéd them, and are likely to return to normal shortly after material
application (Butler and Addison 1999)ne study showed a temporary decrease in microbial metabolism
after sodium chloride runofiGuntner and Wilke 198\ 2002 report found that sodiunhtoride is

lethal to 25 percent of soil microbial species at 4,700 mg/kg and hagetioal effects at 1,200 mg/kg

(Bright and Addison 20024ore recently, a 2008 study found that soils in urban areas of Eastern New
C2N)] KFER aalbfid t68PBAO €2 3KQSHNB dz KA dud to thtbuseofil & Y R
deicing salts(Cunningham et al. 2008p. 17) Magnesium chloride ions were more abundant than

sodium chloride ions, suggesting the latter leach more rapidly.

As reported in Levelton Consultants on page E3d fstudies found concentrations greater than these
thresholds in some cases within 10 meters of roadways, but much lower concentratigresaggr than
10 meters (Cain et al. 2001)
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Effects onVegetation
According to NCHRP,

X Y2ald AYLI OOGa F3aa20A1GSR 6AGK NBIFRAARS @S3Sitl
high levels of ions contacting foliage and/or the root zone and (2§pecific damage related to

chloride ions. As a result, most highway agencies are faced with either accepting some degree of
saltrelated vegetation damage or modifying operations to reduce the amounts of detrimental

materials reaching vegetatioflLevelton Consultan®007, pp.59)

Damage is of greatest concern within 10 meters of the roadway, with chloride being of greatest concern
and sodium having primarily an indirect effec Wtis potential to degrade soil structure (s8eilsin this
report). (Levelton Consultan007) Abrasives may also smother roadside vegetatibavelton
Consultant2007)

Chloride Salts

TACcited several authors in 2013 findig RSA OAy 3 al tda OFy NBIFIOK NRBI RaAF
where salt concentrations have increased due to airborne gadtysdeposition or surface runoff, and

2) through direct salt splash or airborne salt spray deposition upon abovend tissueg O dza Ay 3 |
variety of injuries to vegetation, with sensitivity varying widely among plant spddmsesand Jeffrey

1986 Snith 197Q Dobson 1991 hese adverse effects, according to NCHRP, are well known and

documented, with chloride posing the greatest rifilevelton Consultants 200@p553, 59)

Zone of Influence

Ly 3ISYySNrftz @S3SGradAz2y aRFYIF3IS Aa 2F INBFGSad 0Oz2y
10 meters from the roadway (Levelton Consultants 200@p. 59)

TAC in 2012 cited the following reporfhe zone of influence for seaitlated effects is usually less than
30 meters from the roadwayJonesand Jeffrey1 986 Briggins and Walsh 1988pr direct splash from
passing traffic, one study found the méjy is within two meters, although as far as 28 meters for a
50km/h road (McBeanand AlNassril987)

Airborne deposition has a zone of impact from 40 to 100 meters from the road(€ge et al. 2001
citedin Levelton Consultants 200 although it ca extend as far as 500 metefdones 1986 in TAC
2013)and 1 study observed salt damage to White Pine as far as 382 meters from the(kadskeyand
Hootman1992 in TAC 2013his zone of influence is greater for roads with steeper slo@ésB 1991)
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Effects of Chloride Salts on Vegetation

Road salts can affect roadside vegetation either through uptake from the soil or direct contact with
leaves and stemgTAC 2013)AC 2013 cites Jonasd Jeffreystating loth sodium and chloride can be
toxic to phnts at high enough concentration(donesand Jeffrey1 986)Levelton Consultants cite several
authors statingvhereas calcium and magnesium are essential nutrients that are not toxic to vegetation
even at high concentration¢Tisdale 1968_ewis 1997Cleng 1998 Bohn et al. 1985) 2006 study
suggests that it is the concentration rather than the type of dgitig constituent that is most important

to impacts on plants, and that plants are more vulnerable at the end of winter, when they enter their
active phase(Oroduka et al. 2006)

NCHRP classifies effects of road salts on vegetation into three groups:
9 Aerial deposition.
9 lon uptake and accumulation from soil.
1 Osmotic stresqLevelton Consultants 20P7

Aerial Deposition

Aerial deposition of deicing salts can damage leaidsran 1992 Kelsey and Hootmatitedin Levelton
Consultants 200 Hallet al. 1972 Hofstraet al. 1979citedin TAC 2013} canlead to the desiccabin of
tissues, death of stems and buds on young shoots, delayed and reduced growth, and premature leaf
drop in conifers(Cain et al. 200titedin Levelton Consultants 200Barrick and Davidson 198Chong
1990citedin TAC 2013)pplied directlytoplan @ Ay GKS f 1 02NJF 42NBX 620K
severely injure plants (Environment Canada 20@ited by TAC 20} Similarly, laboratory tests by
Yamamoto et al. showed a tendency for damage when vegetation leaves were sprayed with saline
solution. (Yamamoto et al. 201@egree of vulnerability depends on growth stage and vigiteines et

al. 1970;Cain et al. 200titedin Levelton Consultants 20D7

lon Uptake (Chloride)

Levelton Consultants cited several publicatiobkloride ions taken upybplants from the soil can lead

G2 aLXFyld RSOftAYyS:I NBRdzOGA2Yy 2F tSIFF aial &8 @R
well as delay in seed germinatigi€ain et al. 20013odium is less detrimental , and as essential
nutrients, calaum, magnesium, and potassium can be tolerated by plants in high I¢Melses et al.

1970

Yamamoto et al. found that after spreading of 2,400§6hsolid sodium chloride over @week
period, the damage to vegetation caused by saline soil was teanfohigh but well belovd.1 percent.
(Yamamoto et al. 2010)
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Osmotic Stress (Sodium)

5SA0AYy3 alfda Ftaz2 YF1S AG aY2NB RAFFAOMA G F2NJ Y2

pressure of water in soi{fMoore 198ZXitedin TAC 2013)evelton Gnsultants cited several reports
stating,this can interfere with the uptake of nutrients and damage cells, leading to reduced shoot
growth. (Gidley 1990Prior and Berthouex 196Cain et al. 2001hligh sodium levels in particular in soils
can cause osmdt stress, as well as cause further damage to plants by negatively affecting soil structure
(Levelton Consultan®007)

Plant Vulnerability and Other Factors

Vulnerabilitytod I £ & @ NAS&a AAIYATFAOLyYy(f & o SSapMasagemedt | y i & LIS

Guidefor a table of thresholds (adapted froBEnvironment Canada 20Pér sodium, chloride, and

sodium chloride levels in various planfEAC 2013 pp. 7@) Levelton Gnsultants se Hanes et al. and

Sucoff for lists of various species sensitivit{elanes et al. 1970; Sucoff 19 8)st susceptible are

younger plants and conifers, while woody trees are fairly tolerant of salts and most grasses adaptable to
high concentations (Hanes et al. 197@itedin Levelton Consultan2007)

A large number of other variables determine how severely deicing salts affect vegetation, including
temperature, light, humidity, wind, soil water, soil texture and drainage, and precipitaa®well as
season(TRB 19910ECD 198%ain et al. 200IHofstra and Smith 198ditedin Levelton Consultants
2007)

Cain et al. developed toxicity thresholds for sodium and chloride in soil of 215 to 300 ppm and 300 ppm
respectively for roots, and@® to 650 ppm and 800 to 1650 ppm respectively for plant tis§Ciain et al.
2001as reported irLevelton Consultan®007)Another study identifies the threshold for lethal effects

by sodium chloride, sodium, and chloride at 840 mg/kg, 275 mg/kg, anthg@&g respectively; and for
non-lethal effects, 700 mg/kg, 220 mg/kg, and 440 mg/kg respecti@hght and Addison 2002tedin
Levelton Consultants 20p7

¢CKS {Ifd LyadidrdNRI2ST AFyRIE2 Qi KIS aNRal AR StaleRaBt vedyghttbh, N2 v Y Sy (i
especiallyTable Jisting the relative salt tolerance of various speci&alt Institute 2004pp. 1719)

Injuries to Trees

TAC 2018ites several authors regardingjuries to trees by deicing salts, which manifest themselves in
the early spring include(Hall 1972Hofstra 1979Dirr 1976 Sucoff 1975)

9 Coniferous tree species: Browning of needles, premature needle drop, and raducgoowth.
9 Deciduous tree species: Desiccation of twigs, death of flower buds and vegetative buds,
premature leaf drop, reduction of new growth, and leaf burning.
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Part 2. Environmental Effects of Roadway Deicing

Field Studies

A 1996 studyited by Levelton Consultants in 2063.nd significant vegation damage near roadways

in Sweden because of a confluence of conditigBackman and Folkeson 19%G)other studyalso cited

by Levelton Consultanfsund that2 main types of damage to trees in the Lake Tahoe basin were

caused in part by salt in 1% @ercent of trees(Eppard et al. 1992 nother Lake Tahoe study found
RSAOAY3 altda G2 ayS3alraArAgSte | FFSQuasciedbyfFépl aid wmd:
2012.(Munck et al. 2009)

Several other studies have documented road salt dgena vegetation:

1 A study of the effect of road salts on cranberry in Massachusetts concluded that irrigation water
should not have more than 100 ppm of chlorig@eMoranville 200b

1 Onoduka et al(2006) found chloride levels well below those that would damage vegetation in
roadside soils in JapafOnoduka et al. 2006)

1 An assessment of factors impacting roadside vegetation in Coldoaeha significant foliar
injury and needle loss in roadside conifers compared teradf]l counterparts, as well as
elevated levels of sodium, magnesium, and chlor{deahan et al. 208

Calcium Chloride and Magnesium Chloride

Because magnesium and calcium are not toxic to vegetation even at high concentrations, the effects of
calcium chloride magnesium chloride are attributable primarily to the effects of chldtideelton
Consultant2007) Levelton Consultantsso cited two other publication§€alcium in particular can

reduce sodium and chloride uptake from so{Bogemans et al. 198%owever, highdvels of

magnesium can lead to nutritional imbalances, for example by producing calcium deficiéBolas et

al. 1985)

Levelton Consultants founche study found that the effects of calcium chloride varied among species
(Paul et al1987)They also fond an Environment Canada study 1984 thatfound the effects of

calcium chloride to be attributable primarily to direct contact rather than soil uptékevironment
Canada 1984Another studythey citefound no effect on roadside vegetation when calciohforide

was applied without splashing leading to direct coniéidiairne and Associates 199ussato

concluded that magnesium chloride for aitting was unlikely to impact the environmef¥Mussato

2001) However, Trahan et al. found direct exposure tagnesium chloride was far more damaging to
conifer saplings than exposure to sand and.¢&ltahan et al2008
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Abrasives
According td_evelton Consultants

Use of abrasives fanow and ice control can stress and smother roadside vegetation. Small
particles can adhere to the stomates and affect the regulation of oxygen, carbon dioxide, and
water vapor between the plant and the atmosphere_egelton Consultant8007, pp. 59)

Fischebn page69 cited information fromAudesirk and Audesidn pagel24 indicating that
blocked stomates can also reduce or inhibit photosynthesis and can prevent the plant from
adsorbing nutrients from the soilLevelton Consultan®007, pp.59)

Effects onwWater Quality and Aquatic Life

Chloride Salts

I O0O2NRAY3 (2 Cle&zI a@KbaasNhAnRyratd intd edrby surfick wateRandy gAY
e S
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affecting lake stratificationFay 2012, pp. 2754y also cited thatie harm to aquatic life malye
AYAaAIAYATFAOLY(d aAy €FNHBS 2N Ff26A8 3 YWRRABEHAZRFS & | K1S¢
that chloride salt concentrations in highway runoff are typically low enough that the chloride salt is

quickly diluted in receiving wateks Jodes et al. 1992Fay 2012pp.H T pp U | 26 SHSNE 62N &
al. found road salt to cause detrimental impacts to surface water on local, regional, and national scales,

with shortand longdi SNXY A Y LI OGa G2 &dNBI YwdsditSdFydtlalzi e | yR |
on page8). (Corsi et al. 2010} hloride salts can also affect groundwater and human drinking water

supplies (TAC 2013)

(@]

Influence of Road Salt on Surface Water Concentrations of Chloride and Sodium
Chloride

Chloride occurs naturally inland waters with concentrations ranging frahio 10 mg/L (Waters 1995

citedin Levelton Consultan®007)d 2 KSNBE OKf 2NARS A& | LIWIXASR & I YIFA
control materials, substantial augmentation of chloride concentrations in reqgivaters is likelg

(Levelton Consultants 2009p. 35) NCHRP cites the example of two Colorado streams in which use of

ice materials raised chloride concentrations by a facfors much as 10QLevelton Consultants 2007

pp.35)¢ ! /  HAnmo O Ahese @oncerratiansl #emainédihigherithan normal into the summer,

although spring runoff reducetthem from their peak during winter, and they never exceeded EPA

aquatic life criteria. In general, larger bodies of water and streams with greater flow rates are less at risk
because of their capacity to dilute incoming chlorides QL & NA M dH 0
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Field Studks of Elevated Sodium and Chloride Levels

There are many documented cases of chloride and sodium concentrations in runoff exceeding aquatic

life standardsas cited by Levelton Consultan(Environment Canada 199Butler and Addison 200@)s

Fayin 2012onpage 2755 2 4 S&4> Ay USNI ¢ 02y OSY (NI lA2ya F2ff206AY:°
high as 10,000 anti8,000 mg/LE (TRB 1991Environment Canada 2010)

TAC describes numerous studies linking the use of road salt to elevated chloride and sodisiin leve
surface waters:(TAC 2013, pp. 4344)

91 Levels of chlorides in Lake Simcoe in Southern Ontario were almost four times higher after four
decades of snow and ice maintenance activities nearby, and sodium levels eldlaisdte,
2009)

1 Chloride concetmations in five streams in Indiana were correlated with degree of urbanization
(Gardnerand RoyeR010

1 Between the 1950s and 1990s, levelsoflium and chloride in a river basin in New York rose
130 percent and 243 percent respectively, after use on average of 39 kilograms per square
kilometer per day(Godwin et al. 2003)

9 Several other studies suggested that elevated chloride and sodiuns lievelirface waters were
due to salt storage or deicing activities in Canada, New York, and Maine, Rhode Island and
MassachusettqPerera 2010; Demers 1990; Ohno 1;996ottand Wylie 1980; Runge 1989;
MassDOTL994)

Our review found several other studiéound elevated sodium chloride levels due to deicing activities:

1 A six month evaluation of the effects of a mixture of sand and IceBan on the Peshastin Creek
watershed in Washington State found chloride concentrations as higtBasg/L, significantly
higher than the norimpacted average concentration of .62g/L (but much lower than EPA
limits). (Yonge et al. 2001

1 A study of the effects of road salting on a Norway lake shibiwereased saltoncentrations
(Foeroevig et al. 2005)

1 A study in 45 randomly selected sampling sites near salt storage facilities in Virginia found
chloride concentrations that routinely exceeded 2,000 mfitch et al. 2005)

1 The Idaho Department dnvironmental Quality found elevatessdium, chloride, and specific
conductivity in streams neafd0 in February and June of 2008 and between 2009 and 2011,
although no impacts to aquatic life have been documen{ddEQ 2008DEQ@012)

9 Corsi et al. fond that 7 of 13 samples taken from Milwaukee area streams during road salt
runoff were toxic to two aquatic species. 72 percent of 37 samples taken from a Milwaukee
stream from 1996 to 2008 were showed chronic toxicity, and 43 percent acute toxicitythaith
maximum chloride concentration 7730 mgihd in 11 watersheds in Southeastern Wisconsin,
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chloride concentrations exceeded EPA acute limits at 55 percent of sites, and chronic limits at
100 percent of sites in November to Ap(Torsi et al. 2010)

1 Excedences of the EPA water quality standard for chloride were detected i ¢ié New
Hampshire watersheds tested, with 91 percent of chloride having its source in road salt
(Trowbridge et al. 2010)

However, Denner et al. found that only 20 percentlod thloride load i3 streams in Vermont was due
to deicing, and chloride levels for each stream were below EPA I{Dé&sner et al. 2010

A literature review by Evanand Frick concludes that the impacts of salts on surface water are of most
concern in urban areas:

Road salt impacts, defined as increased chloride concentrations, were most pronounced in
urban areas and areas located near heavily salted highways efuntine, there is some

evidence of more gradual increases in chloride concentrations in lakes in these regions, in part a
result of road salt applicatiofEvans and Frick 200dp. 1)

Retention within the Watershed

In general, according to NCHRP chlovidlenot accumulate from year to year if there is enough water

to produce runoff (Levelton Consultan007) Rather, surface water chloride concentrations from road
salt usuallysurge during winter and thaw periods cited on page 45 by TAC 20435 QL G;NA M ddH
Environment Canada 20lHowever, TAC 2013 on page 4%6,found1 studyad St S@F § SR / |
concentrations after precipitation in spring and summer, suggesting some reterftimad salt within

the watershec€ (Gardnerand RoyeR010 Similarly they citea field study in Minnesotthat found that

78 percent of roadat remained in the watershed after applicatigiNovotny et al. 2008

Several other studies suggest that chloride can accumulatenwithtersheds:

1 A study of the effects of deicirgplts on water quality in Minnesota found that about 70 percent
of the road salt applied in the Twin Cities Metro Area is not carried away by the Mississippi
River, that both sodium and chloride levels are unnaturally high compared to other Midwestern
bodies of water, and a rising trend in salinity over 30 ye@tefan et al. 2008

1 Mullaney et al. evaluated 25 years of surface water quality data, and found that chloride had
steadily increased ithree rivers in New Jersey, Connecticut, and lllifd&cing materials were
among a number of sources for this increase, which also included landfills, agriculture, and
wastewater and water treatment{Mullaney et al. 200p

1 Computer modeling by Shaw et al. suggests that salt concentrations in Fall Creek in central New
York can be expected to increase for several decades and that an average residence time of road
salt in the watershedk about 50 year{Shaw et al. 2012)
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Effect on Lake Strata and Dissolved Oxygen

Levelton Consultants and TAC 2013 cite&ted salt levels can prevent the mixing of lake strata during

the spring and fall, interfering with nutrient release and oxyg@raaind so harming aquatic lifeJones

and Jeffrey1986 5 Q L (i NJuddmanp @tegall 198Ramakrishnand Viraraghavar2005 Bubeck 1971
Diment1973wWS RdzOSR 2E@&3S8y Oly tSIR Ay (dzNy (G2 GKAIKSNI )
algal growth¥ dzNIi K SNJ RS LI S i A (TRE19Rifed by Edy IR 2E&3ISy

More recently, field measurements by Novotny and Stefan of a lake for two years showed the presence
through the summer of a road saliduced saline layer, which can affect lake qualitgt enology.

Computer modeling in the same study showed that this layer can prevent dissolved oxygen from
reaching lake sediments, negatively affecting microbial communities and fish hafiitatotny &

Stefan 2012)

Heavy Metal Contamination and Mobilizatti

According to TAC013 citation road salt contains heavy metal contamingnthich can harm aquatic
life. (Reinosdotteland Viklande2007)See Table-8 inNCHRP Report 579t a table of regulatory
aquatic life chronic thresholds for heavy metals tdsly to contaminate snow and ice control
mixtures (Levelton Consultan2007, pp.41) See alsd-ederal Environmental Regulatiornis this report.

Levelton Consultants in 2@0Q&ited that he most likely metals to cause problems are zinc, copper, lead,
andcadmium:a! £ € F2dzNJ 2F GKS&AS StSyYSyida GSyR (G2 06S02YS
mechanisms, in salt deposits used as sources of magnesium chloride for liquidrsthdize control

materials€ (Environment Canada 1999 ewis 1999Fischel 2001

w2FR alrtid OFry Ffaz2z OFrdzaS aiKS NBftSFHasS 2F vySarta ¥
water (TAC 2013, 48, citing Warren and Zimmerman ;18@es and Vader Meulen 1992)Levelton
Consultantsiotesti K G OKf 2 NARS Ay LJ NI A Odzf I NJ & YE Bedeltoho SNI G S
Consultantspp. 35, citing Feick et al. 1972)

Effects on Aquatic Organisms
Chloride
The tolerance of aquatic life for chloride is haghcited by Levelton Consulta2007. (OECD 1989;

Chappelowetal. 1998 KS 9t ! Q& FTNBAKGlF GSNI FljdzZ GAO €t AFS ONRGSN
and chronic exposure respective(izZPA 2013p

According to Environment Canada as cited in TAC Z}id&cent d aquatic species ardfacted at
chloride concentrations of 210 mg/L and 10 percentat 240rag/lR | G d&af 26 SNJ O2y OSy (i NI |
increased chloride concentrations may affect community structure, diversity and produétivity
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(TAC2013,pp.49)Levelton Consultants f a2 y20Sa (GKFd aOKf2NARS 02y 0OSyi
criteria are more likely to @nge the composition of aquatic communities than to impair all species

(Jonesand Jeffrey\1 986 Dickmanand Gochnauet978)TAC2013 cites several reports thaimilarly

y2GSa (KFd aCNBaKgl G§SNI 2NBIFIYAaYa RARESNI Ay (G§KSANJ
O2y il YAYlLGA2Y O2dzZ R tSIR (2 aiGKS aStSOGABS StAYAY
other aquatic species and insec{Blaustein and Chase 200@)fact, aquatic habitats compromised by

deicing agents could increase the presentsalttolerant insects, including mosquito@etrankaand
Doyle2009Demersand Sagel 990 Even in lakes that are large enough to dilute runoff and reduce
STFSOGazx aalftAyS AyFitz2g FNRBY NRBIR &l fdAiomE Yl & FFF
watersé (TAC 2013p.51)

Microfauna and Invertebrates

According to TAC, sodium chloride is toxic to algae at 1,000 mg/L, various invertebrate species at
1,300to 7,000 mg/L, and juvenile bivalve species at 200 m{@AC 2013levated chloride leels can
cause mutation in bacteria and yeast at 5 to 150 mg/L and behavioral impairment of benthic
invertebrates at 1,000 mg/l(TAC 2013)yAC provides toxicity values for a number of invertebrate
species(TAC 2013)

A number of field studieBave been dne to look at potentiakffects of deicing saltsromicrofauna and
invertebrates. ie majority of studies found little to no impact on microfauna and invertebrate
populations due to winter maintenance efforfSAC 2013 cites one specifically

1 A decreasén diversity of aquatic insects downstream from salted highw@gmers 1990
Levels of chloride were 5.23 mg/L, well below toxicity thresholds but 66 times higher than levels
upstream.

T [ S@Sta 2F OKf2NARS Ay LyYyRALI ¥dtmatalitg td dgiiatidi K & ¢ SNB
organisms (Gardnerand RoyeR010)

1 A study of 43 impacted Michigan wetlands showed chloride concentrations rangmdlf to
2,700 mg/L, with 97 percent having levels less than 334 mg/L, well below macroinvertebrate
toxicity values(Benbowand Merritt 2004)

1 A six month evaluation of the effects of a mixture of sand and IceBan on the Peshastin Creek
watershed in Washigton State found no effect on three benthic macro invertebrate fish food
organisms(Yonge et al. 2001

Fish

According to TA2013which cites numerous reportehloridescanbe harmful to fish atconcentrations

as low as 400 mg/L butany species can toleratauch higherconcentrations For example, the toxicity

threshold for small bluegill is,B00 to 10500 mg/L, and for rainbow trout is as high as 19,000 mg/L to

52,000 mg/L(CH2M Hill Engineering 19B)QL G NA OA(Sa | addzRe GKFd 3IAGBSa
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of 8,500 to 12,000 mg/L for fish and 1,300 {8 mg/L for lower organismé.5 Q L & Naval fistp gvei 0
less tolerant of chlorides than adult fish 5 Q1992 Nairt 1990 Scottand Wylie1980)Fish eggs are
susceptible to hardening when salinity exceeds 3,000 n{@ECD 1989)

Table 5 in Fischelepresented as Table 5 belogiyes toxicity thresholds of sodium and chloride to fish
of various species{Fischel 2001pp. 39)

Table 5. Toxicity of Fish and Invertebrates Exposed to Sodium Chloridetfo# Days

Species Common Name NaCl Chioride Response| Exposure Reference
(ppm) | lon (ppm)
Lepomis macrochirug Bluegill 14,000 8,550 LC50 24 hours | Doudoroff & Katz 1953
Daphnia magna | Water Flea 7,754 4,704 LC50 | 24 hous | Cowgill et al. 1990
Daphnia pulex Water Flea 2,724 1,652 LC50 | 24 hous | Cowagill et al1990
Ceriodaphnia dubia| Water Flea 2,724 1,652 LC50 | 24 hous | Cowgill et al. 1990
Ceriodaphnia dubia| Water Flea 2,308 1,400 LC50 | 72 hours | Cowgill et al. 1990
Daphnia magna Water Flea 3,054 1,853 LC50 72 hours | Anderson 1948
Chironomus Ch.ronomld 6,637 4,026 LC50 72 hours Thorton & Sauer 1972
attenatus (Midge)
Pimephales promelag Fathead Minnow | 7,650 4,640 LC50 72 hours | Adelman et al. 1976
Lepomis macrochirug Bluegill 9,627 5,840 LC50 | 72 hours | Birge et al. 1985
Oncorhynchus mykis| Rainbow Tout 11,112 6,743 LC50 | 72 hours | Spehar 1987
Fathead Minnow | 1,440 874
Pimephales promelag (embryos, LC50 7-Day | Beak 1999
survival)
Ceriodaphnia dubia Water Flea, mean 1,761 1,068 EC50 7-Day | Cowgill & Milazzo 1990
brood size
Rainlow Trout, 2,400 1,456
Oncorhynchus mykis| egg, embryo, LC50 7-Day | Beak 1999
survival
Daphnia magna Water Elea, mean| 4,040 2,451 LC50 7-Day | Cowgill & Milazzo 1990
brood size
Pimephales promela{ | oncad Minnow, |4,990 3,029 EC50 | 7-Day | Beak 1999
larvae, growth

' Concentation that is lethal to 50 percent of the test organisms. A higher LC50 value eamss toxicity of the
chemical.

See als@oxicity Evaluations of Specific Deicing Matebelsw.

TAC2013 cites several reports ai@2 y Of dzRS & (0 KI (iNI dIGRIyZRNIIKS G0 2 NGBS yKi NI 7
are rarely generated by highway -#g@ng. Very high chloride levels exceeding this range have been

reported during spring thaws near large snow disposal $i(@RB 1991Scottand Wylie198Q

5 Q L1g0R)Reld testingof various water bodies Canadar & dzLJLI2 NIiAy 3 | I22R YAESR
suggests thab percent have less than 3 mg/L chloride, 50 percent less than 9 mg/L chloride, and

95percent less than 170 mg/L chloride5 QL G NA M dH 0
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Chloride levels can beconmggh in smaller bodies with limited circulation,when other factors
contribute to its effects:

XKAIK OKf2NRRS tS@gSta Oy KIFI@S | aA3ayAFAOryd S7¥1
circulation and dilution is limited effects on largewaterbodies are usually reduced by dilution,

f K2dzZ3K &a42YS NB&aARdzZ t S¥FFSOGa 2y YAEAY3I YR 02
Overall, harmful effects of salt pollution on aquatic life depend on the oxygen supply in the water,

water flows/circuation, size of the waterbody and drainage basin, temperature, length of exposure,

rate of salt concentration increase, chemical composition of the water, salting intensity,

precipitation, topography and type of highway drainage syst@iA.C 2013p.52, citing TRB 1991

5QLGNR MdpdHDL

Despite the ample data on toxicity from laboratory tests, there seem to be few field studies on the
effects of chlorides on fish.

Amphibians

While there is little research, higher concentrations of salt may also be mdmphibians(Sanzand
Hecnar2006 in TAC 2018arraker et al. argue that efforts are required to protect the spotted
salamander and wood frog from the effects of deicing activities in the Adironack Mountain Region of
New York(Karraker et al. 2008) study of the effects of road salts on Nova Scotia amphibians found
that chloride concentrations in 26 roadside ponds caused by the use of deicing salts will exclude salt
sensitive species such as spotted salamanders and wood {@gtns and Russell 200

Sodium, Calcium, Magnesium, and Potassium

Sodium, calcium, magnesium, and potassium are essential nutrients of animals and plants, common in
unpolluted waters, and consequently highly tolerated by aquatic (lifevelton Consultan®007)

Levelton Consultantsotes that there are no aquatic life standards for sodium and potas elton
Consultaits 2007, pp. 35)

There are no aquatic life standards or other general use protective upper limits for calcium and
magnesium in water, except as related to hardness associated with very high concentrations of
Ca and Mg in relation to domestic water slypfor maintenance of cleaning performance. Thus,

it is unlikely that addition of calcium or magnesium to water would be seen as an environmental
threat or a threat to the domestic use of watéLevelton Consultan2007, pp. 36)

CdzZNI KSNY aiKSNB Aa y2 SOARSYyOS |4 LINBaSyid GKFG K
of the four major cations within the lower ranges of concentratidhevelton Consultan®007, pp. 37)
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However TAQO13notes thatBriggins and Walsh stated thsddium can increase the growth of blue
green algae(Briggins and Walsh 1988) literature review by Evans anddk found that:

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 feh.fiEvans and Frick 200dp. 1)

Effects on Groundwater

According taa report cited byTAC2013 onpage 8 awSLI2 NI & 2F St SOl GSR &a2RAdz
drinking water supplies traced to road salting have been documented for more than 30 yébhin
America¢ (TRB 1991

Chloride

Chloride is naturally present in groundwater at less than 10 n{gAy et al. 201B8While there is little
research on the long term effectd deicing salts on groundwater, it is possible that as chloride
accumulates there could be significant deterioration of groundwater qugktgward and Maier 20Q7
Thungvist 2004s citedin Fayand ShR2012)It is estimated that 10 to 60 percent of sapplied to roads
enters groundwater, and 20 to 45 percent of chlotilBAC 2013p. 60, citing Joneand Jeffreyi 986)

Further,Fayand ShR012 on page 2755 citesudiesthat have shown that soils can retain chloride over
GAYSZI | YR ar@terin SdudeSof chidridelto thie groundwater and ultimately to the surface

water.€ (Kincaid and Findlay 20pBax and Peterson 200%)e migration of cliorides into water from

soilscantake anywhere from years to decadgd AC013;Fayand ShR012)According to Fay, it has

0SSy akKz2gy GKIGO &a2RAdzY OKf 2NARS Ay akKstaef 24 & dzo & dzN.
concentrations are attained (citing Environment Canada 201@Gpmputer modeling has estimated that

I LILI A O I24itdniey sodium chdoride per twiane-kilometre, will result in regionascale

ANRdzy Rgl GSN) O2yOSYudNX GA2ya ANBFAIGSNI GKIY Hpn Y3Ak][ €
24 mg/L for 40 tonnes of sodium chloride pane kilometer for low density area.evelton
Consultant2007,pp. 63, citing Environment Canada 200i)et al. found that ir8B wells near a

highway, chloride concentrations showed a significant upweedd of0.2 mg/L per year ovetQOyears,

but there wasno significant upward trend for sodium concentratiof#net al. 2006)

However, a Michigan monitoring study from 1976 to 2@@énd thatthat dilution from precipitation
prevents buildup in roadsidsoils and groundwatefMuethel 2007 Meri, examining the reasons for
increased chloride levels in groundwater in areas of Finland, found that it is difbadiktinguish the

effects of road salting from that of clay soils, although soil chloride levels were especially high next to a

nearby road(Meri 2010

49


http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_syn_449.pdf
http://www.michigan.gov/documents/mdot/MDOT_Research_Report_R1495_207577_7.pdf
http://alk.tiehallinto.fi/julkaisut/pdf3/lts_2010-32_kohonneet_kloridipitoisuudet_web.pdf

Impacts of Using Salt and Salt Brine for Roadway Deicing

A number of field studies have linked road salting to elevated chloride levels in groundwater:

1 Road salting was a major source of chloride in soils and groundwater near Lindsay,.Ontario
(Howardand FaicKL986citedin TAC 2013)

1 Pilon found concentigons of 400 mg/L and higher for chloride in shallow subsurface waters
near a salted highwayPilonand Howardl987cited in TAC 2033

1 Deicing caused chloride contamination exceedif&)Q@ mg/L in a survey of 23 springs in the
Toronto area(Williamset al. 2000citedin TAC 2013)

1 A 2002 study found sodium and chloride due to deicing present year round in an aquifer in
Indiale~ 'y R F2dzyR (KIFIG OKf2NARS SEOSSRSR (G(KS 49t !
250 mg/L for drinking water at seven wells dowsdg RA Sy & F NRXWadsonlet aK 20@PK & | &
cited on pp. 2756 dfayand ShRk012)

1 A study found that dung runoff events, chloride concentrations in groundwater due to winter
maintenance were 40 to 60 mg/L, as opposed to 2 mg/L normally (Albright 2005citedin
Fayand ShR012)

1 Another study found that chloride concentrations are increasing in shajlowndwater in the
Minnesota Twin Cities Metropolitan Are@tefan et al. 2008

1 Testing by the Maine Department of Transportation indicates that two to four percent of its
wells exceed 250 mfy OKt 2NARSZ yR O2y Of dzZRSa GKIFdG (KSNB
is increasing in the aquatic environment in both the short term (months) and the long term
(years)é (Rubin et al. 2010, pR5)

f According to the Massachusetts Departmentof TkEa@SNII | § A2y X dal 8459t Qa4 HnAn
of Waters (303(d) and 305(b)) lists four streams in the Wilmington, Tewksbury and Andover area
along the 193 corridor as impaired due to elevated chloride levels based on data collected by
EPANew England durinthe winter of 2009/10¢ (MassDOT 2012p. 2-19)

Finally, a 2000 study showed elevated groundwater concentrations of chloride in New York exceeding
EPA limits:

Water quality analyses of shallow monitoring wells and drinking water supply wells indicated

that chloride concentrations exceeded the EPA limit of 250 mg/L in 2.5 percent of shallow wells
and 1.7 percent in the drinking water wells. Upward trends in chloride loads were apparent in
several watersheds and were attributed to increases in road dgigwastewaterseptic

discharges, landfill leachate and salt storage areas. Samples with chloride concentrations greater
than 230 mg/L were noted primarily during the months of November through April and were
attributed to winter deicing activity(Heisig 200@ited by Jahan et al. 2012
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Sodium

TAC 2013 cites Jonasd Jeffreythat sodium is naturally present in groundwater at concentrations of 6
to 23 mg/L (Jonesand Jeffrey eal. 1986) When affected by road saltingroundwater concentrations
can reach levels as high as 3,100 m¢iAoward 1993While not regulated by the EPA either to protect
aqguatic life or human health, there is some concern that high levels of sodiunffeahthose on low
sodium diets because of hypertension or heart disease E$sets on Human Healtbelow).

¢tKS al aal OKdzaSada 5 S LISl & I8eQbntr@ Progtai PO ZHnArdhEndntalA 2 y Q &

Status Reportlescribes a salt remediation progrdor addressing public concerns about levels of

sodium in drinking water from deicing activities, for which it receives about 12 complaints a year.
(MassDOT 20)2Vhere MassDOT responds to a complaint, there is a substantial reduction in sodium
concentrations. There are 53 reduced salt zones, established to reduce sodium levels in private or public

wells after a complaint or a hydigeological investignA 2y ® al 8a5h ¢ Q& &G Gdza NBLR

detailed public water supply sodium data. A 2006 analysis of sodium levels for 328 public water supplies
in Massachusetts withil.5 miles of a Massachusetts Department of Transportation roadway showed

z P

that 90 pNDO Sy i KIR a2RAdzyY O2yOSyiGN}GA2ya 2F o0Sft2¢ (K
below 20mg/L:a Of 284S LINPEAYAGE G2 | al 845h¢ NRIRglL & RAR

which public water supply wells may have elevated sodium lév@gassDOT 2012
Calcium, Magnesium, and Potassium

Calcium, magnesium, and potassium are essential nutrients of animals and plants, and consequently
highly tolerated by human beings and not regulated in groundwater by the EB¥elton Consultants
2007 However, high levels of calcium and magnesium can lead to increased wadeebaf{TAC 2013,

pp.61)

Effects on Human Health

As essential nutrients, alkali and alkale&th components of deicing salts (chloride, calcium,

magnesium, and potassium) are not regulated by the EPA in drinking water. However, chloride is on the
EPRa aSO2YyRINE RNAY{TAY3I gFGSNI adl yRIFNR fAald o6
concerns that water with high sodium levels could affect those on low sodium diets because of
hypertension or heart disease (SE®A Drinking Water Critea under Federal Environmental

Regulationdn this repor). The EPA also sets an advisory limit of 20 mg/L for sodium in drinking water
(EPA2003 Nevertheless, the levels of sodium due to deicing salts in palatable drinking water are

unlikely to contribute significantly to daily sodium intakeevelton Consultan®007)

Salt Brine

While there are a number of studies on brine performance, -eff&ctiveness, methods of blending and
application, and use in prewettin@@ahanand Mehta2012 Druschel 201 Xloutier and Newbury 2008
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Pesti and Liu 2003o studieswere foundfocusing on the environmental effects of brine specifically as

opposed to sodium chloride in gersrFor example, see the brief literature review on the

environmental effects of brine in Jahand Mehar2012 (Jahanand Mehan2012 pp. 1.421.44)

Overall, the use of brine prewetting roadways is thought to be environmentdtiyendly because it

f SFRa (2 tSaa aoOlFlGiSNI2F alftid o0& @SKAMBEo§a005y R & Y dz
pp.7) The use of liquid deicers in general can also reduce the effecty sflt and abrasives on air

quality (seeAbrasivesdn Air Quality).

Abrasives

According to Fagt al.2013,0n page2754,they cite Staples etal. tha@ ! 0 NI 8 A @Sa LJl2asS aArdy)
for water quality and may threaten the survivability of aquapeaies especially during spring runéff

(Staples et al. 200442001 study found that abrasives are not only worse for the environment than salt,

but less economical(Schlup and Ruess 2001)

According tgpage 33 oLevelton Consultants 200RCHRP Report 547articulateabrasives (including

sand, crushed rock, and other particulate substances) can cause either chemical or physical impairment
of suiface waters(citing Waters 1995petermining the chemical impairment of materials requires

toxicity testing. Physical impairment can be caused eithgapyarticles impairing fish habitats by

blocking spaces between rocks in the beds of bodies of watgrarticulate bed load; ofb) particles
suspended in water (total suspended solids), which may eventually contribute to particulate bed load
(Levelton Consultants 2009p. 34) Suspended solids can also affect aquatic life by making water cloudy
and interfering with the availability of light for photosynthegigichigan Department oEnvironmental
Quality, accessed 2013)

Corrosion Inhibitors
Effects of Organics on Biochemical Oxygen Demand and Dissolved Oxygen

Organic mattercan increase biochemical oxygen demand in receiving waters, depriving aquatic life of
oxygen (Levelton Consultan®007) NCHRP explains:

Biochemical oxygen demand is caused by the use of organic substrates by microbes, which oxidize
the organic matter using oxygen obtained from thater, thus creating a strong oxygen demand. If

the microbial demand is not offset by reaeration processes or by photosynthesis, hypoxia or
complete loss of oxygen can be the result. These kinds of adverse effects inbadcimgmical

oxygen demanare mgst likely in waters that move slowly because such waters have minimal
physical exchange of oxygen with the atmosphere (i.e., low reaeration rédteselton Consultants

2007, pp. 37)

Naturalbiochemical oxygen demand surface water ranges frofito 20 mg/L. Snow and ice materials
without organic content can hav@ochemical oxygen demaras high as 5,000 to 10,000 mg/L, but
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after dilution in receiving waters may have an insigaifit effect on the oxygen demand of receiving
water; materials with organic content can haveiachemical oxygen demard excess of 10,000 mg/L,
possibly causing major impairment even after dilutifirevelton Consultants 200@p. 39 Se
Biochemical Oxygen Demand and Dissolved Oxygder EPA Aquatic Life Criteyia

In Idaho, there has been some recent interest in the effects of using concentrated sugar beet byproduct,

a wase product from the use of beets to produce sugar, as a corrosion inhibitor. In a letter tiiytlod

/| 2SdzNJ RQ! £t SyS AY HnndI L59v 2 dedricehtya®drsudanbéet O2 y OS Ny a
byproducto  a SR 2y 'y | yI f & &dddicing &gerlt (8Gpkeraehtbribe/2D percénK S OA G & C
concentrated sugar beet byprodydby Analytical Laboratories, II(DEQ 2009)he sample contained a

fF NHS FY2dzyG 2F LK2aLIK2NHz2a 6on YIK[0VEZ 6KAOK aolly
to poor swimming conditions and oxygen depletion during plant decomposition in lakes and other

02RASa 2F o6l GSNWeE 1 faz2 2F O2yOSNYy 6SNB adKS t S@St
mixture, 112,000 mg/L and 51,0003 k [ NB & LIS O i A @ 3 BADIsE miy/I5i® pristinge vatedsR G K |
and 600 mg/L in untreated sewage. The sample also contained high amounts of zinc (3.4 mg/L). All of
GKSaS TFTFrOdG2NR O2dz R yS3lI GAGSt e ADEQ2009)shoaldSoazN RQ! S
noted that ITD haenly usedconcentrated sugar beet byproduas a corrosion inhibitor on a very

limited basis in Districts 4 (south central Idaho) and 5 (southeastern Idaho) and has not used

concentrated sugar beet byproduict District 1 (northern Idaho) because of conteabout phosphorus

emissions in that part of the state.

We found only one study addressing the environmental effects of the usermientrated sugar beet
byproductspecifically in deicing: Clear Roads found that the deicing product Beet 55 lecetutiply

toxic levels of dissolved oxygen for fathead minnows. For other deicing products tested by Clear Roads,
GKSANI KAIK OKSYAOIt 2Ee3Sy RSYFYR RAR y2i NBad# i
inhibitor toxicity is not mediated by solved oxygen depletich(Clear Roads 201®p.17) This applies

G2 aF NYy3aS 2F YIydzFlF OGdzZNBR Y S Nitypicadly & dzOK | & 3If @
agriculturally derived organic biomass products blended with chldvaged salts as a corrosion
AYKAOAG2NIE | y2iGKSNI & i dzR-Based gelciMgipsoduit to fieBuBe thelaadligny G A | f
chloride use(Boehm 201}

C A & Om/&ukati@riof Selected Deicers Based on a Review of the Litérafudes a disussion of
several deicers with varying levels of corrosion inhibitors that dikeentrated sugar beet byproduc
are biobased and agricultural in origi(Eischel 2001This includes especially IceBan, a group of
agricultural byproducts patented for use as roadway deicing andieing agents, including the liquid
residue of fermented corn byproducts. Fischel concludes thabtbehemical oxygen demarevels of
Ice Ban are of concern:

The chloride deicers, such as sodium chloride (e.g., rock salt and Ice Slicer) have no corrosion
inhibitors and have very lowiochemical oxygen demaridvels. Magnesium chloride deicers
(FreezGard Zero and Ice StGpalso have lovbiochemical oxygen demarevels. Inhibited

calcium chloride (Liquidow Armor) has a somewhat hidgiiechemical oxygen demandhe
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magnesium chloride deicer Caliber M1000, which contains 10% corn derivative as a corrosion
inhibitor, has higlr biochemical oxygen demarevels and could potentially cause oxygen
depletion in small ponds or sleflowing streams(Lewis 200DThe deicetce Ban M50, which
contains 5(ercentice Ban as a corrosion inhibitor, has the highesthemical oxygen

demandD levels of the chlorideased deicers. Highiochemical oxygen demariévels are an
indication that the deicer can cause significant dejpletof oxygen levels in the water.

The organic materials in Caliber and Ice Ban can cause eutrophication of water, which will result
in the proliferation of noxious aquatic plants, especially bjueen algae. The increase in algae
reduces the oxygen leVin the water and often causes the mortality of fish and invertebrates in
the lake or stream. Phosphorus and ammonium ion in Caliber and Ice Ban can stimulate growth

of aquatic plants(Fischel 2001pp.21)

| 26 SOSNE || wHnnp &aiddzReé F2dzyR GKS dzasS 2F LOS.ty al 3
G20Ff LIK2AaLIK2NHz2 RSALIAGS St SO i G\RrighlROPFANMB NHzA ¢ A Y
studyfound that the use of IceBan as a psetter hadlittle negating effect of salt on grass seed

germination, freshwater minnow mortality, or roadside vegetation stéde@Sitch and Roosevelt 2000

cited byFayand Sh2012)In a sk-month evaluation of the éécts of a mixture of sand and IceBan on

the Peshastin Creek watershed in Washington State, Yetnglefound no effects on three benthic

macro invertebrate fish food organisms or on the spawning locations of three endangered fish species.
(Yonge et al. 2001

Small organic molecules such as citrate and triethanolamine may also be used as corrosion inhibitors
(Levelton Consultan®007) Levelton Consultantsotes:

When added at 1 percent to a few percent, small organic substances such as this, although
easily biodegraded and thus potentially a sourceiothemical oxygen demarid surface

waters, maybe acceptable because dilution reduces their concentrations rapidly to such a
degree that negative effects on oxygen concentrations are unlikely to cause impairment.
Impairment is least likely where receiving waters have high energy and where the addaicorg
matter, after dilution on or near the roadway, is near the natural inventory of organic matter in
the water (usually 2 td5mg/L ), and most problematic where runoff enters small bodies of still
water and where the added concentrations greatly exctietinatural inventory of dissolved
organic matter(Levelton Consultan®007,pp. 38-39, citing Lewis 199TVeltzel 2001)

Possibly informative here is the study of the effects of acetates, such as calcium magnesium acetate,

which also have organic moldes that can be used by microorganisms as nutrightsvelton

Consultant£007)! mMdyy AaGdzRe F2dzyR (KFdG GKS GaRANBOG SFFSOL
and confinedo an area around the roadway(Horner 198&ited byLevelton Consultan007)
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Phosphorus

Also used as a corrosion inhibitor (and present in small amounts in deicing salts and abrasives),

LIK2 3 LIK2NHzA A& GLINBaSyld AylFragNBLEAYYRE aF Y2 HdzRRA (A PSdz
phosphate, even if constituting less than 1 percent of total ingredient mass (e.g., Fahleah increase

phosphorus concentrations in the receiving waters to an amount that might be undesirélldeelton

Consultants 200pp. 38) Excess phosphorus can lead to undesirably high levels of plant growth, or

G S dziil NP LiKLev@ltord Gogsyitants 200Fp. 39) Consequently:

X NBflIGA@Ste avlff |Y2dzyta 2F LIK2alLK2NdHza OFy O
Undesirable side effects include excessive organic matter leading to deoxygenation of poorly

circulated waters, esthetic nuisance, harmful algal blooms, and change in the community

composition of organisms, including fish@sevelton Consultants 2003p. 39, citing Welch and

Lindell 1992)

Sensitivity of receiving waters to phosphorus varies wid&glff 2001cited in Levelton Consultants

2007 While it is not currently regulated by states or the federal government, the EPA is working with
states to develop criteria for nutrients in surface waters, especially phosphorus and nit{cgealton
Consultants 200 EPA 2013dEPA 2013h

Fay (2013) notes that:

Phosphorus frm deicers is usually introduced into the environment in concentrations of

14 to 26 ppm, and it spurs the growth of algae, thus reducingdXSolved oxygenpr other
aquatic biota (Fischel 2001Algae growth may be spurred by critical levels of dissolved
phosphorus as low as 20 pplStaples et al. ZM) The Colorado DOT has set standards for
phosphorus in magnesiuthloride-based deicers at 25 mg/ L or less. Water quality standards
may set a limit lower than this. Michigan, for instance, has set a phosphorus limit in water at
1 ppm from point dischages (Public Sector Consultants 1993

Toxicity Evaluations of Specific Deicing Materials

Levelton Consultants 20@&fines four steps for the evaluation of the environmental effexftdeicing
materials:

9 Dilution analysis, since the harm caused by a material is dependent on its concentration after
dilution in receiving waters.

9 Toxicity screening, by conducting bioassays of representative organisms using EPA protocols
(seeDeterminingAquatic Toxicityunder FederalEnvironmentalRegulationsn this repor) to
document the percentage of mortality and sigihal effects over time.
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9 Screening for potential to cause eutrophication or oxygen depletion.
9 Field monitoring(Levelton Consultants 20D7

The Role of Dilution

In the case of dilution analysis, by examining historical data in oneloagelfon Consultants

determined the dilution ratio of magnesium chldei in runoff from roadways as 500:1, and the

predicted concentration of chloride in runoff with this ratio to be 400 mg/L, with further dilution in this
OFrasS 2F mYMnInnn AGagAGKAY tSaa GKFEYy | YSGSNW TNRY
regulatory levels)(Levelton Consultants 200@p. 43NCHRP notes that various factors influence

dilution, especially the amount of watershed area, making urban areas far vubnerable than rural

areas:

Concentrations of snow and ice control materials reach their maximum under urban conditions
or at other locations where the amount of road structure is very high in relation to the amount

of watershed area (e.qg., bridges aimterchanges). Under such conditions, concentrations of
chloride and other soluble constituents, or the augmentation of bedload in the case of
abrasives, can far exceed any limits that might be set for the protection of aquatic life (examples
given by Envonment Canada(Levelton Consultants 2003p. 43)

Also important to dilution is the distance, volume, and flushing of receiving wéltergelton
Consultants 2007p. 44)

Results of Deicing Materials Toxicity Tests

Levelton Consultantested 42 snow and ice control products, including deicing salts, for various
components of environmental concerit.found nitrogen and phosphorus levels in many materials to be
a potential environmental concern, and cyanide a concern for solid sodium chloride usirayamide

as an anticaking agent. Metal levels were generally I¢laevelton Consultants 20p7

b/ 1wt O2yRdzOGSR Fljdzad 6AO (G2EAOAGE GSadGAy3d a2y wmp
standard test methods for chronic exposure to various levels of aquatic biotagiingluertebrates,
invertebrates, and algag(Levelton Consultants Q@, pp. 122)See tables 2 to 94 for results.

(Levelton Consultants 2009p. 123-125)NCHRP concludes that dilution of 500:1 in material application
would limit aquatic impacts close to the roadway because of further dilution with increasing distance:

X | RAf dziAz2y (sdficienitaipreventd@iettialRhranis effécis of most snow
and ice control materials on the most sensitive organisms (i.e., Selenastrum and Ceriodaphnia),
although other organisms might not be affected at these concentrations (i.e., fathead minnow).
Dilution at the margin of a roadway varies, but 500:1 would be close to the amount of dilution
F2NJ YIye FLWEAOFGAR2Yyad X | RAtdziA2y 2F pnnywm
snow and ice control materials but not for others. Acute exposure tiigtthe most meaningful
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guide for field applications, given that transport of materials with melt following application
probably would not extend for a long period. The suitability of acute or chronic criteria would
depend on the location and type of ajgation. Although it appears likely that the most
sensitive organisms would be affected in some way at dilutions that could be expected at the
margin of a roadway for many snow and ice control materials, it is also true that dilutions
greater than 500:1 aabe expected within a relatively short distance beyond the roadway.
Therefore, the toxicity data suggest that there could be an impact zone relatively close to the
roadway, bounded by dilutions that offset acute or chronic toxicities close to the roadway.
(Levelton Consultan®007, pp.124)

Clear Roads has also conducsegliatic toxicity testing of variousinter maintenance materialand two
corrosion inhibitos, and ranked th@ bytoxicity. (Pilgrimet al. 2013 Refer tothe figure below fronthe
companion fact sheet produced for this projéatailable at
http://www.clearroads.org/downloads/1230 13 Final%20Fact%20Sheet)pdf

(10eN)
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Figure 2. Relative Toxicity of Deicing Products

It concludes generally that:

Product toxicity with respect to the primary salt could be ranked as follows (from most to least
G2EAOQOO0Y Y B a3/ tnabute/lexpdsiire ggriodh, fathefadnginnowvs ad@ NJ |
Ceriodaphnia dubidemonstrated largely equal sensitivity to deicing products. However,
Ceriodaphnia dubiavas more sensitive to chronic exposure peridgglenastrum capricornutum
appeared to be less sensitittean fathead minnow but more sensitive th&eriodaphnia dubia

to chronic exposurgClear Road2013 pp. 1516)

ITD uses materials approved by PacifictMeest SnowfightersPacific Northwest Snowfightelgas
established limits for a number of heavy metals and other constituents, including phosphorus and
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cyanide (Pacific Northwesti®wfighters 201DITD labs conduct testing to ensure thhe winter
maintenance materials purchaség ITDcomply withPacific Northwest Snowfightestandards.

For more information on toxicity testingesresourcedy Pacific Northwest Snowfighters
(http://www.pnsassociation.orgy, which:

X is an association of transportation agencies dedicated to ensuring the safety of winter
maintenance products thregh structured testing and evaluation. The group established
procedures for testing deicing and aiiting chemicals and maintains specifications that these
products must meet to be considered for widespread Wacific Northwest Snowfightelrss
become anationally recognized leader in establishing and standardizing chemical products for
snow and ice control.

See also Table 7 in Fisghrelpresented as Table 6 belofey toxicity levels of specific deicers on aquatic
organisms:(Fischel 2001pp. 42)
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Table 6. Acute/Chronic Aquatic Toxicity Test Results for Various Deéicers

LC50 LC50 IC50 IC50
Brand/ Rainbow Trout Water Flea Water Flea Green Algae
Chemical . (Oncorhynchus (Ceriodaphniaﬁ (ppm) (Ceriodaphniaﬁ (Selenastrum‘)
Alternative Name ) .
mykiss) (acute) (ppm) (chronic) | (ppm) (growth
(ppm) (acute) inhibition)
ChlorideBased Deicers
- FreezGard 3,160 3,668 1,781 6,254
Inhibited MgQ Zero/TEA
Inhibited MgdQl Ice-Stop CI NA NA NA NA
MgC}+ Caliber Caliber M1000 6,621 4,950 2,150 631
Inhibitor*
MgC}+ Ice Ban Ice Ban M50 620 585 164 1,090
NaCl (23% Brine) | Salt 68,454 6,583 2,919 9,186
NaCl Ice Slicer NA NA NA NA
Inhibited CaGl Liquidow Armor 23,452 3,828 2,722 2,422
AcetateBased Deicers
Liquid CMA (25%) CMA 35,000 4,670 1,039 706
Liquid Potassium
Acetate (51%) CF7 2,280 660 240 318
CMA + Potassium CMAK 14,001 1,018 466 330
Acetate (liquid)
2,750 mgl/l 2,400 mgl/l NA NA
Sodium Acetate NAAC (Fathead Minnow | (Daphia magna
G 24 hr) 48hr.)
Volcanic Cinders,
Sand Chipped Rock, NA NA NA NA
Scoria

Mussato & Guthrie 2001

Rainbow Trout 9%our aaite static bioassay (LC50)

7-Day Survival (LC50) and Reproduction (IC50) BioassayQgsiadaphnia
Growth Inhibition (IC50) bioassay with the Alggenastrum capricornutum
. Cryotech MSDS and Product Information Sheets (www.cryotech.com)

NA Not Available

Note: A higher LC50 value means lower toxicity of the chemical tested.

aprwDdRE

Effects onAir Quality

According td_evelton Consultans ¢ AND2NY S FAYS LI NOAOdz I 4GS FNRBY ()
and salt left on roadways can contribute to local aiality deterioration and may even affect the health

2F a42YS YSYOSNBR 2F (KS LI2Jeltnr CodsAtAnEE07 ip&H9) e BPAT A Yy I f dz
sets air standards for PI¥0 and PM 2.5 particulate matter (séer under FederalEnvironmental

Regulationsn this reportfor details). In general, air quality is of greater concern in mountainous

regions (Levelton Consultant2007)
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Chloride Salts

There is little research on the effects of liquid and dry smomter maintenance materialsn air quality;
K26SOSNE 0SOldzaS GKS& NBRdAzOS 6N} aA@S dzasS GKSe& | N
(Levelton Consultan®007, pp. 60)

Abrasives

PMmn LI NI AOESa FTNRY NRFR Rdzald KIF@S ao0SSy akKz2gy G2
the 24-hour period following road saling¢ (Levelton Consultan®007 citingFischel 20001A 2006 study

conducted roadside measurements to assess the impact of abrasives and deicers ont grattiele

emissions near Lake Tahoe, and found that 44 to 59 percent ef@&missions were due to sanding

and salting, with liquid deicers contributing less to emissions than abragtvegler 2006 Another

study found a 75 percent increase in Aldemissions 2.5 hours after sanding on dry roads, although

emissions returned to preanding levels after 8 hour@&uhns et al. 2003)o minimize the effects of

FONl aA@Saz AG Aa o0Sad y24 G2 dzaS YIF GSHENG200 G KIF G aGK
mesh or < 74 umg (Nixonand Williams2001, pp. 6)

WSRdzOAYy3 GKS dzaS 2F IoNlaiaAgSa OFy KIF@S-18Fy AYYSRA

emissions. This applies not only to the period of greatest air quality impact, when the road surface has

dried immediately after a winter storm event, but also to the wintertime baseline condig¢@owherd

et al.,pp.101)ITD reduced abrasives by 83 pertcby substituting solid sodium chloride and abrasives

with liquid magnesium chloridéBreen 2001 y mddpn > / KFy3d y2iSR GKIFG | 0021
AN vdzl t AGe / 2dzyOAf X GUGKS dzaS 2F alyR ludtioni Ny OGAz2y
(PM sub 10) in the Denver ard&hanget al. 1994 pp. 1) By 2002, the use of liquid deicers instead of

YR aKIad O2YyUNROJASBSR2ZNRREAKSANBRAKG UK ADR2 RIFR2 y 2
emissions within the previous seven wintefShangand Brady?2002 pp.128)

Effects on Animalg Ingestion

According to thd_evelton Consultants

Snow and ice control materials have been linked to reports of salt toxicosis from ingestion and
to reports of increases in vehienimal collisions. Some information suggests salt toxicosis from
ingestion § a concern for small animals such as birds, although most terrestrial animals have
high salt tolerances, especially when adequate drinking water is avai(ableslton Consultast
2007, pp.62)
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Small Mammal Wildlife

Animals have access to deicing salts via roadside pools and dirt, as well as ponds and livestock drinking
water affected by runoff and groundwatgfTAC 2013Beyond attracting large mammals and so causing

an incease in collisions with vehicles, and see the companion synthesis report on vehicle collisions with
wildlife), salt may sometimes be toxic to small animdlnesand Jeffrey1 986 cited in Levelton

Consultants 2007)

Investigations of wildlife specimemsllected in Wisconsin linked deing salts to salt poisoning
of smaller wildlife (5 Q L i NJhis wap grebably an exceptional cgdactors in the poisoning
were a severe winter, high snowfall, freezing temperatures that reduced available drinking
water and increased salting during storm conditiofSBAC 2013p. 76)

Sodium, while an essential nutrient for animals, can be toxic in excessl{onConsultant2007,

pp. 60).But even for small mammals, the ingestion of excess salt should have no adverse effects when
there is enough drinking wated 5 Q L (i ditddin WAERO1,Nairne and Associates 198Redin

Levelton Consultants 20pZaboratory tests in rats found thahloride salts are only slightly toxic to rats
even at very high levelgHiatt et al. 1988 in.evelton Consultant3007)

Birds

While salt is not toxic to birds in smedtbseswhen drinking water is available, it may sometimes increase

GOKS JdE y2SWNIOMNRA (12 OFNJ adNAR]Sa a ¢Sttt a RANBOL
most susceptible(TAC 2013, pp. 77, citing Environment Canada 200Beowinlee et al. 2006itedin

Levelton Consultants 20pEnvironment Canada has extensive infation on effects of road salts on

OANR& o0lF&aSR 2y | fAGSNI GdzZNBE NB@GASe o6& . NRoyftSS Si
associating bird kills with salted roaélf_evelton Consultants 200gp. 61 citing Brownlee et al. 2000

Increased ulnerability to car strikes is possibly caused by increased fearlessness due to behavioral

impairment from elevated brain sodium leve{Brownlee et al. 2006itedin Levelton Consultants 20p7

There is a higher risk of salt poisoning in birds when drinkiater is less available during severe

winters. (Jonesand Jeffreyi 986citedin Levelton Consultants 2007

Domesticated Animals

Research has not shown salt to be of concern for farm animals or(jét€ 2013)he tolerance of

domesticated animals imuch higher than the expected effects of roads salts on water, with for

example the tolerance of sheep for sodium chloride ranging from 9,000 to 13,000n§/Q L G NA ™M H
citedin TAC 2013)
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Conclusion:RelativelLevel of Concern for Environmental Effes of Deicing
Materials

z

Levelton Consultant® 2 y Of dz ftft ay2¢ FyR AOS
€ Al

RSa GKIG a!
FFFSOGAY3a GKS NBOSAQGAY3I SYGANRYYSyYyilx
(Levelton Consultants 2003p.92)L i y 23 Sa GKI G GKS avz2ad a
AyOf dzZRS 4 GSNI ljdzr t AGeklt ljdzZ GAO tAFSS L(Bedddtopdzk £ A Ge& X
Consultants 200pp.92) AASHTO similarly cites a survey of winter maintenance practitioners that
GF2dzyR 6l GSNI ljdzr £t AGe G2 0SS 27F K Sndanhhdeed spécies) and2 y OS N.
ddzoadzNFI OS ¢St f OInAjetay2DMBppieh 2y ¢ F2ff20Ay3
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Table 6.1representedas Table Below,gives further detail on level of concern aeffects: (Levelton
Consultants 2007p. 93)

Table 7. GeneralizeBotential Environmental Impairment Related
to Common Snow antte Control Chemicals

Environmental

Road Salt

Calclum Chloride

Magneslum Chloride

Acetates

Organic Blomass

(Sectlon 3.8)

Leads to reduced
abrasive use.

Leads to reduced
abrasive use.

Leads to reduced
abrasive use.

Leads to reduced
abrasive use

Leads to reduced
abrasive use.

Impact (NaCl) (CaCly) (MgCl) (CMA and KA) Products Abrastves
Water Quallty/ Moderate: Moderate: Moderate: High: High: High:
Aquatlc Life Excessive chloride Excessive chloride Excessive chloride Organic content Organic matter leading | Turbidity: increased
(Sectlon 3.4) loading, metal loading: heavy metal lpading; heavy metal leading to oxygen to oxygen demand: sedimentation.
contaminants; contamination. contamination. demand nutrient enrichment by
ferrocyanide additives phosphorus and
nitrogen: heavy
metals.
Alr Quality Low: Low: Low: Low: Low High:

Fine particulate
degrades air quality.

Solls
(Sectlon 3.5)

Moderate/High:
Sodium accumulation
breaks down soil
structure and
decreases permeability

Low/Moderate:
Improves soil
structure; increases
permeability; potential
for metals

Low/Moderate:
Improves soil
structure; increases
permeability; potential
for metals

Low/Moderate:
Improves soil
structure: increases
permeability; potential
for metals

Low

Probably little or no
effect; limited
information available.

Low:
Probably little or no
effect.

(Sectlon 3.7)

Spray causes foliage
damage; osmotic
stress harms roots;
chloride toxicosis.

Spray causes foliage
damage; osmotic
stress harms roots;
chloride toxicosis.

Spray causes foliage
damage; osmotic
stress harms roots;
chloride toxicosis.

Liitle or no adverse
effect; osmotic stress
at high levels.

Probably little or no
effect.

and soil stability: maobilization. mobilization. mobilization.
potential for metals
maobilization.
Vegetatlon High: High High: Low: Low Low:

Probably little or no
effect.

Anlmals
(Sectlon 3.9)

Low:

Sodium linked to salt
loxicosis and vehicle
kills; magnitude
unclear.

Low:
Probably little or no
effect.

Low:
Probably little or no
effect.

Low:
Probably little or no
effect.

Low

Probably little or no
effect; limited toxicity
information available.

Low:
Probably little or no
effect.

Conclusions based on the assessment of information reviewed in this study.

Overal] according td_evelton Consultants

1 Chloride saltsare of high concern for vegetation, moderate concern for water quality/aquatic
life, moderate/high (sodium chloride) or low/moderate concern (calcium chloride and
magnesiun chloride) for soils, and low concern for air quality and animals.
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Organic biomass product§ncluding beet byproduct) are of high concern for water
quality/aquatic life and low concern for everything else.

Abrasivesare of high concern for water qualigquatic life and air quality and low concern for
everything else(Levelton Consultants 20P7

Fay summarizes the effects of various materials on various environmental patrasagpresented in
Table 8 below (Fayand ShR012, pp. 2765)

Table 8. Summary of the Effects bfaterials on Environmental Pathways

Abrasives Chlorides Acetates formates. Glvcols Urez & agro-basaed

Soi Will accumulate. CL Ca =nd K can mobilize heavy Ca =nd Mg can mobilize heavy eadily hiodegrade Useof urez con lead
metals. Na can accumulate in soil and — metals, merease soil stability, Propylene glyeol to increased nitrate
reduce soil permezbility, leading to and permezbility. ChMA degredation degredation may reduce concentrations.
incressed soil density. Cacan increase  may mcrease soil pH, hydraulic conductivity m Litfle data are
s0il permesbility and zeration. Mg anasrobic soils. available on agro-
can increase soil stability and based deicers.
permezbility. Na(] can decrease soil
fertility, leading to reduced plant
prowth and increase erosion.

Flora Can accumulate on foliagz ad 1 conthet with foliage can cause leaf  Few effects have been observed. Atlow Can mhibit plant growth, Little datz are

in adjacent soils that contact
the roots, potentially cansing
stress.

Surface & ground  Can increzse turbidity and.
waters decrease gravel and rock pore,
supply,

Fauma Can reduce oxygen m
strezm beds and cause mereazed

turbidity.

Can canse mcreased PM-10 and
can lead to air quality non-
attzinment issues. Can reduce
stream wisthility, =lter stream
and roadside habitat, and de-
crezse aesthetics.

Human

singe, browning, and senescence. 1
contact czn lead to osmotic stress.
Salt tolerant species are
recommended for us 2s roadside
vegetation where chloride salts are
used.

(L Na. Cz. and K tons ezsily go mto
solution, migrate, and can harden the

water. Can cause density, stratification.

W

K
and Ca can mobilize heavy metals m
water. K can cause entrophication of
water.
concentrations are reached. Direct
mgestion of salts by mammals and
birds has canzed behavior changes
and toxicity. Concentrations of 230
mgL have been shown to cause
changes in community structures. Use
on roadways may lead to mereased
wildlife- wvehicle collisions.

Skin and eve irsitant, Drinking water
with sodium concentrations =20mgL
can lead to hypertension. Can
merease CL Ca K and Na
concentrations shove
mummendations. Anti-caking agents
may contain cyanide, 2 kmown
Ccarcinogen.

concentrations, actsas afertilizer and,
at elevated concentration, reduces
sead germination, causing low
biomass yield, leaf browning, and
IEnescence.

c mto water, Has a high
BOD znd can cause oxygen

depletion. Can incresse turbidity and,
bhardness of water,

snvironments. KAg and Nadc appear
to be more tc»;i_c than CMA. Can

= = an

Skin and eve ipritant, Ca and Mg can

merease water hardness.

available on agro-
based deicers.

Canmcressa BOD 0 8 Use of urea can lead

greater extent than any to increased nitrats
other deicer, Depradesm, concentrations.
water faster than additives.  Urea additives can
which canbe foxic, Readily, b toxic
bindsgradss.

Little data are
available on agro-
based deicers.

Ingestion of concentrated
fluid can lead to death. A

w 2

Useof urea can
increase nitrate
levels i water.
Little data are
available on agro-
based deicers.

Ingestion of concentrated
fluid can lead o de_arh. A,

W 2
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Federal Environmental Regulations ApplicalieSelected Deicing Materials

United States federal environmental regtitens do not specifically address the use of road salt and
other winter maintenance material§Levelton Consultants 200@p. 23 However, there are regulations
concerning the leels of contaminants in air, soil and water that apply to the components of road salts
and other deicing materials.

Applicable federal regulations include:

1 The Clean Water Aathich sets requirements for the protection of water quality and aquatic
life. (EPA 2012dmplementation and enforcement in most states occurs largely at the state
level. This includes the National Pollutant Discharge Elimination SylileBESyhich requires
permits n certain zones for stormwater discharge from municipal stormwater sewers and
industrial or construction activitf{EPA 200pThese permits prescribe maximum amounts for
regulated substanced.he Clean Wateict does not directly regulate the use of snow and ice
materials, but NPDES permitting applies to road maintenance and snow and ice control activities
in certain areas. Idaho is one of four states that have not assumed implementation and
enforcement responsibilities related to the Clean Water Act; the other three are Maine, New
Hampshire and New Mexico. EPA Regiormgadquartered in Seattl&/ashington is the
NPDES permitting authority for all Idaho stormwater permits, including thesedsto ITD. In
GKS aSOilAzy 2F (KAa aeyikSara SyiaradatSR L¢5Qa
discuss current NPDES permits issued to ITD as they relate to the use of salt and salt brine and
other winter maintenance activities. See
http://yosemite.epa.gov/r10/water.nsf/NPDES+Permits/Current+1D1319

1 The U.S. Safe Drinking Water Agthich protects the quality of drinking watdEPA 2012
1 The Clean Air A¢twhich set€EPAair quality standards for six pollutanf&PA 2013g

1 The Endangered Species Awathich prohibits stressing or increasing the mortality of
endangered or threatened specig&l.S. Fish and Wildlife Service 2013

In what follows we review how these regulations apply to components of concern for select snow and
ice control materials, as defindgy one of the most authoritative and comprehensive sources to date on
the environmental effects of snow and ice control materidliSEHRP 577: Guidelines for the Selection of
Snow and Ice Control Materials to Mitigate Environmental Imp#écesvelton Consultants 200@p. 29

30) Covered materials include:

1 SodiumChloride, Magnesium ChloridandCalcium Chloride
9 ParticulateAbrasives (including sand, crushed rock and othemnsedits).
1 Corrosioninhibitors.
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Components of concern for chloride salts, which can affect soil and water quality, include:

1 PrimaryComponents: Chloride, sodium, magnesium, calcium.
1 PossibleByproducts: Heavy metals, cyanide, phosphorus.

Components o€oncern for abrasives include:

1 AirQuality: PM10 and PM2.5 particles.
1 WaterQuality: Sedimentation, including total suspended solids (TSS) and particulate bed load.
1 PossibleByproducts Affecting Sahd Water Quality Heavy metals, phosphorus.

Compnents of concern for corrasion inhibitors include:

1 ThePossible Byproductf Organic Matte(complex sugarsperivedfrom Agricultural Beet
Processing, which can affect soil and water qualitissolved oxygen and biochemical oxygen
demand

1 HeavyMetals, PhosphorusandNitrogen Foundn Other Type®f Corrosion Inhibitors
Water

¢ KS Natibn® Recommended Water Quality Criténieludes recommended surface water

thresholds for the protection of aquatic life and human health for about 150 oilst(detailed in two
tables: the Aquatic Life Criteria TabsndHuman Health Criteria Tal)ldEPA 2013kThese criteria

provide guidance to states artdbes to use in adopting water quality standards, as per Section 304(a) of
the Clean Water Act.

EPA Aquatic Life Criteria

¢CKS 9t! Qa !ljdzr A0 tATFS ONARGSNR 1 hduf) anél @roricyexpbsdzr S &
(96 hours or more) adquatic life to various pollutant¢EPA 2013fBelowarethe freshwater values for
pollutants relevant to snow and ice control.

Chloride

The acutdimit for chloride is 860 mg/L and the chronic limit is 230 mg/L. Background chloride
concentrations in surface water are one to 10 mg/L, and the tolerance by aquatic life of chloride is high
(Levelton Consultants 2009p. 35)However, 10 percent of freshwater aquatic species are adversely
affected by chronic chloride concentrations above 240 mg/L, an@ésiodaphnia dubia 50 percent
mortality rate occurs at 1,400 mg/{Davis2004, pp. 309) Where road salt use is heavy and regular,
concentrations of chloride in runoff can be as high as 18,000 .r(loglvis2004, pp. 309
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Nutrients

EPA aquatic life criteria do not regulate sodium, magnesium, potassium or calcium, and tolerance for
them by aquatic life is higliLevelton Constaints 2007 pp.36) The EPA publishes ecoregional criteria
documents for some nutrient$EPA 2013cThese set limits that vary by region and type of water on
phosphous (which can limit plant growth in inland waters, nitrogen, chlorophyll a, and turbidity/secchi.
(Levelton Consultants 200@p.39)

Nutrient pollution from nitrogen and phosplos can cause algae overgrowth, harming water quality,
food resources and habitats for aquatic life, and reducing dissolved ox{gfReA 2013e

Biochemical Oxygen Demand and Dissolved Oxygen

The oxidation of organic matter by microbes in receiving waters can deplete them of the oxygen
required by fish and other aquatic life.

For dissolved oxygen criteria, sEable 1A y (i K Qualétyt Crit€ia for Wate(EPA 1986pp. 21)
Values are as follows:

1 Coldwater
o Early Life Stage¥ day mean of 9.5 mg/L, 1 day minimum of 8 mg/L.

o0 OtherLife Stages30 day mean of 6.5 mg/L,day mean minimum of 5 mg/L, 1 day
minimum of 4 mg/L.

T Warm water
o EarlyLife Stages7 day mean of 6 mg/L, 1 day minimum of 5 mg/L.

0 OtherLife Stages30 day mean of 5.5 mg/L, 7 day mean minimum of 4 mg/L,
1 day minimum of 3 mg/L.

Most warm water fish need dissolved oxygen in excess of 2mg/L; trout require 8 mgkitriged bass
5 mg/L (Northeast Georgia Remial Development Center 20(&1)

There are no fixed limits for biochemical oxygen demand, but levelidohemical oxygen demand
must typically be set and tested on a cdsecase basis as part of NPDES permits. The EPA provides
guidance for colleatig and analyzing water samples for dissolved oxygen and biochemical oxygen

demand (EPA 2012c
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Heavy Metals and Cyanide

Chronic limits for cyanide are 22 mg/L, and acute 5.2 mg/L. Gibatis Life Criteria table includes
several heavy metals, including zinc (120 mg/L acute and chr(it}). 20130

Total Suspended Solids

Particles suspended in surface water (total suspended solids) can affect aquatic life by making water
cloudy and interfering with the availability of light for photosynthefidichigan Department of
Environmental Quality undatgéParticles can also impair fish habitats by blocking spaces between rocks
in the beds of bodies of water (particulate bed load).

The EPA does not establislsingle national numeric limit for total suspended sol{@®A 2004a8-1)
But the turbidity/secchi standards undatutrierts in this document are an indirect measure of total
sugended solids. The Clean Wateast Also requires that Total Maximum Daily Loads for total
suspended solids be developed in some cases for NPDES permits, to ensure that turbidity/secchi
standards are ret.

In general, water seems clear with TSS concentrations of less than 20 mg/L, cloudy between 40 and
80mg/L, and dirty over 150 mg/L, depending on the types of particles suspefidiethigan
Department of Environmental Quality

There are currently no regulations on particulate bed load.
See also:

T ¢KS 9t ! QaSuspéhded addl Be8ded SedimefE®A 2012d
1 SedimemRelated Criteria for Surface Water Qual{&PA2004b
9 Guide to Selection of Sediment Targets for Use in Idaho TiRokee et al. 2003

EPA Drinking Water Qdria

'YRSNJ GKS ! ®d{d {IFFS S5NAYI1AYy3 2FG§SNI! OO0 G4KS 9t! Qa
various contaminants (MCL$EPA 2013fThese also include a table of nenforceable secondary

drinking water standards that affect water cosmetically or aesthetically. Finally, the EPA keeps a list of
candidate contaminants that may require regulation in the future and has established a monitoring

program for unregulated contaminantEPA 2012eEPA 2013f

Values for pollutants of relevance to snow and ice control are as follows:

1 loride is not regulated, but it is on the secondary drinking water standard list with a limit of
250 mgl/L.
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http://water.epa.gov/scitech/swguidance/standards/criteria/aqlife/sediment/upload/2004_08_17_criteria_sediment_appendix5.pdf
http://water.epa.gov/drink/contaminants/index.cfm
http://water.epa.gov/scitech/drinkingwater/dws/ccl/index.cfm
http://water.epa.gov/lawsregs/rulesregs/sdwa/ucmr/index.cfm
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1 Nutrients: Sodium, magnesium, calcium, potassium, and phosphorus are not regulated, but
sodium is on the candidate list because of concerns thdt-soglium water could affect those
who have heart disease or are on low sodium diE®A 2012gThe EPA also has an advisory
limit for sodium in drinking water of 20 mg/L () thathonenforceable and based on a
recommendation by the American Heart Association that the EPA believes to be too restrictive
(EPA 2008ited in Levelton Consultantgp. 3§ Many groundwater systems have in excess of
120 mg/L of sodium. The EPA is currently working with states to develop numeric drinking water
criteria for phosphorus and nitroge(EPA 2013dgEPA 2013h

9 Zinc is not regulated, but it is on the secondary drinking water standardblistg/L. Other
heavy metals are regulated.

1 Cyanide@.2 mg/L).

91 For drinking \ater, the EPA does not regulate total suspended solids or biochemical oxygen
demand.

Air

Fine particles in the air from dried abrasives and salt on roads can cause respiratory damage in human
beings (Levelton Consultants 200@p.59¢ KS 9t ! Q& | ANJ ljdzZr f Ade& adl yRINRA
public health protection) and secondary standards (for public welfare protec(i@ai 2012hThe

standard (both primary and secondary) for AMl is an annual average of 50 pg/m3 and a daily average

of 150 ug/m3(EPA 2012iThe standard (both primary and secondary) for-BBlis a daily average of

35 pg/m3; the primary annual average is 12 ug/m3 and secondary annual average 15 pg/ma3.

Soill

The EPA has not yet addressed toxicitydits (Levelton @nsultants 2007pp. 28)

Animal Life

The Endangered Species Act prohibits stressing or increasing the mortality of endangered or threatened
species(U.S. Fish and Wildlife Service 20881ien snow ad ice control materials are used on roads

near endangered species, it is required that the threat to species be evaluated. Road salts may be toxic
to some birds and small mammals and dangerous for animals that seek them out on(teagdton
Consultants 2007p. 6062)

68


http://water.epa.gov/scitech/drinkingwater/dws/ccl/ccl1.cfm
http://water.epa.gov/action/advisories/drinking/upload/2003_03_05_support_cc1_sodium_dwreport.pdf
http://cfpub.epa.gov/wqsits/nnc-development/
http://www2.epa.gov/nutrient-policy-data
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_577.pdf
http://www.epa.gov/air/criteria.html
http://www.epa.gov/airtrends/aqtrnd95/pm10.html
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_577.pdf
http://www.fws.gov/endangered/about/
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_577.pdf
http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_577.pdf

Part 2. Environmental Effects of Roadway Deicing

Related Guidance

EPA Deicing Guidance

While the EPA does not directly regulate snow and ice control materials, it has published guidance on
best practicesdr minimizing their environmental effects, including:

1 Manual for Deicing Chemicals: Application Practiedsch defines supervisory aspects of
proper chemical usage and discusses elements of proper decision making, equipment calibration

and legal requirerants.(EPA 1974a

1 Manual for Deicing Chemicals: Storage and Handlifgch recommends covered storage of
salt and other deicing chemicals, preferably in permanent structE2A 19740Guidelines are
given for site selection and design of foundations, paved working areas and site drainage. Best
practices are given for handling of salt and other deicing chemicals.

1 Storm Wate Management Fact SheetMinimizing Effects from Highway Deicjnghich
GadzyYF NRAT Sa NBaSIFNOK FRRNBaaAy3d g+ GSN L2 dzl A 2
and describes the methods used to control snow and ice on roadways while minimizingsmpa
2y (KS Sy ERABIPReSoyimendations include improved operational practices,
alternative deicing chemicals (such as calcium magnesium acetate), road wieddheration
systems, pretreatment, and mechanical and structural approaches.

1 Road Salt Application and Storagebrief fact sheet recommended proper storage and
calibrated application(EPA 2006

1 Managing Highway Deicing to Prevent Contamination of Drinking \Watach covers
alternative deicing chemicals, road weather information systems, maintenance decision support
systems, pretrement, amount and timing of application, equipment and employee training,
prewetting, storage and ground water quality monitorifgPA 2010)

Pacific Northwest Snowifihters Snow and Ice Control Chemical Products Specifications and Test
Protocols

The Pacific Northwest Snowfightdisf which the ITD is a member) curates a widely used list of
environmental specifications for qualification of snow and ice mater(BEcific Northwest Snowfighters
2010 These include:

9 Limits on material constituents, including phosphorus, cyanide and heavy metals.

9 Testing requirements (including but not limitéal nitrogen, biochemical oxygen demd and
aquatic life toxicity).
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Determining Aquatic Toxicity

The EPA details methods for assessing toxicity to aquatic organisms:

1 Methods for Measuring the Acute Toxicity of Effluents and Receiving Water to Fresamghter
Marine OrganismyEPA 2002an

1 ShortTerm Methods for Estimating the Chronic Toxicity of Effluents and Receiving Water to
Freshwater Organism&EPA 2002b

Two recent studies apply these methods to a number of deicing productd ¢(séeity Evaluations of
Specific Deicing Materialgnder Environmental Impacts

1 NRP Report 578valuated the aquatic toxicity of 15 deicing products (see tabl24®9-4 in
the reportfor a summary of resultsjLevelton Consultants 200@p.123-125)

1 A 208 Clear Roads study conducted toxicity testing for a number of deicing chemicals and two
corrosion inhibitors(Clear Roads 20)3

L¢50a [ S@St with Envirorgnegntadl Reguiiion

L¢5Qa O2YLIX AlIYOS 6AGK SY@ANRBYYSyYydlf NBIldZANBYSyia
IdahoDepartment of Environmental QualiiDEQ)nd at the federal level through the UEPA The

previous section athis synthesis outlines the various federal laws aimed at protecting the quality of air,
water, soil and animal life. In this section we focus specifically on compliance issues directly related to

the use of salt, salt brin@nd abrasives for deicing amadhti-icing. In addition to reviewing documents

we spoke with officials at ITIDEQand U.S. EPA Region 10.

Water quality is monitored by the EPA primarily through National Pollutant Discharge Elimination
System permits, which are issued to facilitiieat discharge stormwater runoff, including snow melt
runoff, directly to surface water. Urbanized areas are of most concern because of the large
concentrations of impervious surfaces that have been constructed as a result of development.
Stormwater flowng over the impervious surfaces collect pollutants such as debris, cheraivdls
sediment (sand)National Pollutant Discharge Elimination Systgenmits address discharges of runoff
through a municipal separate storm sewer system involving a relativedyl percentage of total ITD
highway miles.

L¢5 S5AAGNAOCGAQ { 02NN GSNI t SNYAGA

According to U.S. EPA RegionNational Pollutant Discharge Elimination Systnmits have been

issued to ITD Districts 1, 3,d81d 6, covering primarily the state highwdgdarger cities in those

3S23ANI LIKAOFE I NBFad 5AAGNAROG nQa LRLMAFGA2Y Aa y2
HQ& a02NXgF GSNI LISNYAG Aa Odz2NNBpelimittée withyhe éitkd® RNJ T &
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Boise, Garden Citthe Ada County Highway District, Drainage Distrjetn® Boise State University. ITD

District 6 is a c@ermittee with the city of Idaho Falls. See these and other cunkaitonal Pollutant

Discharge Elimination Systgrarmits in Idaho at
http://yosemite.epa.gov/rl0/water.nsf/NPDES+Permits/Current+IDXB19! f 42 4SS L¢5Qa Ay T
its District stormwater permitdncluding annual reports on progress and key issaes
http://itd.idaho.gov/enviro/Stormwater/Overview/MS4/default.htm

ITD Compliance

Based on a review of ITD District annual reports to, BleAound no notices of violation. \Weere only
able to identify the following expression of concern regarding use of salt for winter maintenance:

f InaMarch142012f SGGSNJ G2 L¢5 5AaGNROG mxX 9t! y2G4SR |
file to demonstrate how ITD is addressing pdtehnegative impacts from the use of salt in
deicing operations. In response, District 1 reported in an April 13,,26€@r that collaborative
monitoring of salt content in highway stormwater drainage had been undertaken with IDEQ.
District 1 also resgnded to EPA that it will resume conducting chloride testing as part of water
Al YLX AYy3 gAGKAY GKS a{n INBI O2@SNBR o6& (KS ai
chloride levels that have been detected in highway stormwater drainage do not appeause
I 61 GSNJ ljdzl ft A& LINRPOofSY 2N 20KSNpA&AS SEOSSR |y
L¢5 5AadNAOG mtEAtd.itayio/gdafebvirokER inid/atdi Overdiew/MS4/MS4
Annual_Reports/D1 2012 Annual_Report.pdf

1 On the basis dhe collaborative chloride testing referenced abotee IDEQ Water Quality
divisionadministrator stated in an interview that salt in northemtaho waterways does not
appear to be a cauder concern at this time. He said he would be more concerned with use of
excessive quantities of sand for winter maintenaysiace the resulting sediment loading in the
streams could lead to an interference tvitish spawning.

IDEQ further indicated that the agency has not identified ITD as being subjediotalanaximum daily

f2FRE FEt20F0A2Y F2NJ SAGKSNI aSRAYSyld 2N attda Ay |
is the maximum amount ofglutant that a body of water can receive while still meeting water quality

standards. The fact that a TMDL has not been issued appears to indicate a relatively low level of

concern.

ITD Headquarters Environmental staff indicated there have been no viblations of environmental
regulations related to the use of salt and salt brine for winter maintenance activities. However, staff did
call our attention to a 2001 consent order between ITD HMEQ requiring mitigation of sodium chloride
contamination ofground water in Cambridge, located in ITD District 3. This is the only consent order
between the two agencies. Relevant details are:
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Around 1999 ITD removed the underground fuel tanks at the maintenance yard it owned in
Cambridge in preparation for selj the property. Subsequent testing also found high levels of
sodium chloride in the groundwater near the site, possibly originating from salt/sand piles
stored in the yard for winter maintenance.

In April 2001 ITD voluntarily entered into the consentesrdith IDEQ to address the sodium
chloride contamination without the issuance of a notice of violation. Among other actions ITD
developed a Remedial Action Plan to map the presence of sodium chloride in the groundwater
and monitor contaminant levels usirgpproximately 15 wells.

Sodium chloride levels have declined steadily over the ensuing years, and the number of
monitoring wells has been reduced to four, two of which show sodium chloride levels above the
250 mg/L maximunfor drinking wateras of an Oatber 2013 report tdDEQ.

None of the homes or businesses in Cambridge obtain drinking water from wells.

ITD has constructed covered storage facilities in all its Districts for sand and salt used for winter
maintenance to prevent leaching of sodium clidi@rinto the groundwater.

Survey Results

Federal or state citation of state DOTSs for violating environmental requirements due to winter
maintenance activities appears to be rare across the coufrirg.multistate survegonducted as part of
this synthess project only4 of the 20 states responding to a survey question on violations indicated any
kind of enforcement action. (See complete survey resulsgpendixA.)

The survey question (#21) waldas any practice by your agency related to the us#geafing materials
led to or contributed to the violation of a state or federal environmental regulation, such as water
quality or air quality?

The four affirmative responses follow:

T

lowa. Salt content from some garag@sastewater was too high. Installedastewater brine
recyclers to keep salt out of sewer flow.

Maine. Maine state law requires the replacement of any wells that are damaged by salt
contamination caused by us. We have replaced several.

Montana. Improper storage of solid salt has caused sevewataminated well claims.

New HampshireCurrently involved in U.S. Environmental Protection Agency total maximum
daily load issue in the widening of the southern section@8 from the Massachusetts border
to Manchester, NH. Sodium chloride is the citlp
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Part 3
Road Salt and Wildlifé/ehicle Collisions

Executive Summary

Background

Sodium is a biological necessity for all animals. In northern climates, however, naturally occurring
sources of sodium are difficult to find, particularly in winter.ijlaanimals face sodium deficiencies in
the winter, and seek natural or artificial salt licks to meet their ne&imd salt, which is commonly
applied as a deicer or antier on road surfaces, is a viable source of sodium for animals, either on the
roadway where it is applied or nearby in areas of runoff.

This attraction of animals to any source of salt has prompted concerns about the use of salt in winter
maintenance operations. If animals are drawn to or near roadways, they may be in greater danger of
being struck by vehicles. Vehicle collisions with wildlife, particularly larger species such as deer, moose
and elk, can cause significant human, animal, and economic damage. In Idaho in 2012, more than 1,000
collisions between animals and vehicles wereartgd, causing human fatalities and, based on U.S.
Department of Transportation average collision costs, approximately $19 million in total @¢date
Transportation Department 20)3

It is not clear, however, what role winter maintenance chemicals playldiife-vehicle collisiondTD
maintains a database of animals killed on state highways, and research is under way to bring together
data from various sources to create a compreheassISased data file that can be used to prioritize
mitigation efforts.To explorehe possible correlation between the presence of road aattwildlife-

vehicle collisionsITD requested this synthesis of research on the use of salt and salt brohesdiiie-
vehicle collisions, along with a review of state practices aimed at mitigating these crashes.

Summary of Findings

Because salt is biologically necessary but scarce in many northern regions, road salt applied for deicing
and antiicing purposess undoubtedly an attractant to many animals. A number of photos have
appeared in news reports showidger or moosdicking winter roads or vehicles coated in salt or salt
residue (Stensland 200)IThat many animals are attracted to road salt does not necessarily mean
however,that road salt is a primary caegor wildlife-vehicle collisions

Although the link between the use of road salt amittllife-vehicle collisions is frequently asserted, few
studies have sought to establish this link conclusively. The limited research that has been conducted
generally suppds the idea that road deicerontributein some wayo wildlife-vehicle collisiong-or
example, noosehave been found to travébng distances and visit places they typically avoid to reach
roadside salt pools when they were sodium defici€baurianet al. 2008 Miller and Litvaitis| 992
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Research in the Laurentides Wildlife Reserv@®uebec, Canad&und that the presence of roadside

salt pools doubled the number of collisions between moose and vehicles. This study also found that salt
pools withhigher sodium and calcium levels received increased moose visit@Bognier 1973

Another study found that road segmentvith at least one brackish pool nearfigdan 80percent

increase in moose&ehicle collisions. This study, however, found enough other factors influencing
accident rategsuch as time of year and slope of the terrain surrounding the roadway) thamibect of
brackish pools should not be overemphasizgrlissault et al. 2006

Without the benefit of more extensive research, inist possible to draw conclusions regarding the
extent to which salt or deicer use increases the numbewitiflife-vehicle collisions. Mangther factors,
including migration patterns, breeding behaviors, and highways as convenient transit cofoidors
wildlife movement mayalsocontribute to these collisions.

Among those participating in the survey of state practices conducted for this investigation,
respondents explicitly reported not finding a correlation betwentdlife-vehicle collisions andalt use.
Montana DOT reported that no significant evidence tied collisions to the use of salt or salt brine on
roadways. Utah DOT tracks all animal carcass removal from its roadways, and data has shown no
correlation with salt use or distribution.

One aproach to analyzing the connection betweeildlife-vehicle collisions and the use of winter
maintenance chemicals is to consider the peak months when these collisions occur. Howblishegl
research is mixed on the peak months fatdlife-vehicle stikes.While some sources have found that
animakcollision rates pak as sodium needs are highest, othkave found that collision rates with

moose peak in midNovember or midwinter, as the animals seek feeding sites that have little snow
cover,often nearroads. In addition, even though salt and salt brines are only applied during the winter
months, these materials are still present after winter in roadside water due to runoff. Deer may be
attracted to these salt pools in the early spring when natural sesiaf sodium are difficult to find.

Dozens of techniques for mitigatingjldlife-vehicle collisions have been proposed, including building
fences or crossing structures, reducing speeds, and educating the public. While many techniques have
been studied, hose directly related to deicer usage and managentesbeen the subject of relatively

few published studiesThe use of deicers other than sodium chloride is possibly the most recommended
of these techniques, although some biologists have suggestedrtaghesium chloride and calcium
chloride both attract wildlife as much or more than sodium chlorkéew deicer additives or repellants
sprayed on roadside vegetation have bemmducted, although lithium chloride has shown promise in
repelling caribou in aontrolled test (Baird 2010 Deactivating roadside salt pools by draining them and
then filling with rocks has shown promise at reducing moose visitations in bothudemmpodels and

field tests.
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DetailedFindings

Background orWildlife-Vehicle Collisions

Scope of the Problem

Wildlife-vehicle collisions can cause injury or death to humans and animals (with attendant ecological
damage), as well as significant propedamage. There are several estimates of the costaldfife-

vehicle collisions in specific jurisdictions and, in some instances, for specific afilid&@sannual crash
report reported 1,058wildlife-vehicle collisions in 201@8daho Transportation Department 2010f

these, 3 caused human fatalities, 13 caused serious injury, 43 caused visible injuries, and 63 caused
potential human injury. Based on U.S. Department of Transportatibmated average costs by crash
type, these collisions had a total cost of approximately $19 mil{iduijser et al. 2008Chapter 3)

A National Cooperative Highway Rassh Program/U.S. Geological Survey study evaluating the costs of
deer-vehicle collisions in Utah determined an average cost of $3,470 per collision, with a total cost of
more than $45 million oved years (Bissonette et al. 2008 hese costs were primarily human fatalities

(53 percent) and vehicle damage (39 percent), but loss of deer made up 6 percent of costs and human
injuries made up 2 percent.

Insure State Farm, meanwhile, noted that tihationwideaverage claim for deerehicle collisions
between July 1, 2011, and June 30, 2012, was $3(BGrance Advocate 2012&verage cost per claim
grew 4.4percent over the prior year, and the number of deetated claims increased by 7.9 percent
over4years. The Insurance Institute for Highway Safety estimated thatwkdgcle collisions in the
United States are responsibiier about 200 human fatalities per year.

Animal Attraction to Salt on Roads

Many herbivorous animals naturally seek salt (sodium chloride) to supplement their diets. Sodium is
necessary for physiological functions, including muscular contraction, raptiod, lactation, growth,

hair production, maintenance of body mass and appetite, intercellular exchange, neural transmission,
and acidbase equilibriun{Laurianet al. 2008 pp. 1094) In northern climates, wildlife may travel great
distances to get the salt they need. Moose, elk, deer, bighorn sheep, woodchucks, snowshoe hares,
porcupines, cottontail rabbits, and several species of birds have been observengfesdioadside salt
(Environment Canada and Health Canada 2@¥ction 3.6.1.uers P13, Stensland 2011

Moose, for example, typically lose weight in winter and need increased sodium in spring and early

summer to help regain weight arehergy, grow antlers, and begin lactation. The terrestrial vegetation

available to moose in winter has a sodium concentration of only 10 ppm and provides merigedit of
Y224SQa lyydzrf NBIAdANBYSydGad . SadS Npriidiicldaed £ & 2 dzND
aguatic vegetation (with a concentration of 150 to 700 ppm) and brackish water at mineral springs (with
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a concentration of 23 ppm to 200 ppnflL.auian et al. 2008But availability of these sources is limited:

aqguatic vegetation is not fully developed in spring and early summer when moose need its sodium most,

and mineral springs have limited geographic availability.

Melted snow from roadways mixealith deicing chemicals can produce artificial roadside salt pools.
With a high sodium concentration (greater than 500 ppm), these pools can provide the sodium that
moose and other animals need in winter. They also offer an-Easgnsume source of sodiumelative
to aquatic plants that provideow net energy content and may have high levels of toxic heavy metals
(Leblond et al. 2007

Completed Research
Potential Lirk: Wildlife-Vehicle Collisions and Road Salt

Many agencies have hypothesized a link between deicing chemicaisilatite-vehicle collisions.

Montana Fish, Wildlife, and Parks attributed road salt (along with driver inattention, grass near the
highway hat greens faster than other vegetation at that altitude, and lion predation) for a rapid decline
in the bighorn sheep population near Highway 200 at Thompson {Zalsariassen 20}2ccording to a

2 SA0SNY ¢NIYALRNIFGAZ2Y LyadAaddziS NBLR2NISX a¢KS
British Columbia and Alberta] is frequently due to their attraction to salt that they lick off the foads
(Cleenger 2010

While assertions of the link between deicer use anldlife-vehicle collisions are commonplace,
research that directly connects the twortsore difficult to find. A survey of winter maintenance

practices among state DOTs conducted for this synthesis found few respondents who had evaluated the

connection between salt andildlife-vehicle collision.

Below is an overview of those studies thd find a likely connection between the use of road salt and
deicers and an increased presence of animals on or near roadways.

Behavioral Adaptations of Moose to Roadside Salt Pools

A moosetracking program in the Laurentides Wildlife Reserve in QueBanada, quantified the use of

roadside salt pools by moose. In the study, researchers monitored 47 moose fitted with GPS collars for

2to 36 months. These collars collected location data every two hours, totaling nearly 200,000 location
readings betweeldanuary 2003 and April 2006. During this period, more than 100 metric tons of deicing
salts were applied per kilometer of highway each winter, creating 86 roadside salt pools in the study
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area. There were also 23 compensation salt ppoign-made salt pols managed by the Quebec
Ministry of Transportation and located 100 to 1,500 meters away from highways to attract moose away
from roads.

Moose visited salt pools relatively rarely, with only 0.12 percent of readings recorded at salt pools.

These visiteccurred from May to September, peaking in June. However, moose traveled large distances

to reach salt pools when they did visit. The distance between successive locations averaged 150 meters

for all readings, but 300 to 500 meters when a moose was acgeasialt pool. Additionally, salt pools

GSNB 2F0GSy t20FGSR i G4KS SR3IS 2F | Y22aS8Qa K2YS
on this data, researchers hypothesized that moose made intentional journeys to visit salt pools when

they were sodim-deficient, filled their needs rapidly, and moved. @baurian et al. 2008

Temporal and Spatial Distribution of Mooséehicle Accidents in the Laurentides dlife Reserve,
Quebec, Canada

In a Quebec Ministry of Transportation study, researchers evaluated 13 years of accident data in the
Laurentides Wildlife Reserve from 1990 to 2002 and found that the number of collisions between
vehicles and moose increasbyg 80 percent on road segments that had at least one brackish pool
nearby. Other factors contributing to accidents were time of year (collisions were most common from
mid-May to late August, peaking in the second half of June); the presence of vallegs ter road that
allowed moose to travel without expending extra energy on steep slopes, which increased collisions by
120 percent; and the average slope of the terrain surrounding the roadway (collisions increased as the
mean slope increased).

Multiple brackish pools in an area after the first did not increase the likelihood of collisions. Other
factors that did not impact accident rates were distance to food or water availability, altitude, range in
slope of the surrounding terrain, and twisting or urahion of the roadway.

Even the factors that did have a notable impact on accident rates do not offer a full explanation,
however. The authors assert that the variables explain less than 25 percent of the spatial variation in
accidents, suggesting thatahe are other variables that affect accident raté3ussault et al. 2006

Moose Killed on the Highway in the Laurentides Pa@iyebec, 1962 to 1972

Research on the 18@lometerlong Talbot Boulevard in the Laurentides Wildlife Reserve found that the
presence of roadside salt pools doubled the number of collisions between moose and vehicles. This
study also found that salt poolsgith higher sodium and calcium levels received increased moose
visitation. It did not, however, find any link between the chemical composition of ponds and moose

mortality. (Grenier 1978
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MooseVehicle Accidents in OntaridRelation to Highway Salt

Researchers examined crash data on Highway 17 in Ontario, Canada, to evaluate the quantitative

impacts of deicers owildlife-vehicle collisions and concluded that moose were attracted to roadside

salt pools. They found that 43 percent of moeszhicle collisions occurred within 100 meters of a

saltwater pool. This figure is higher than what would be randomly expeftkdiser et al. 200 Huijser
etal. 2008 Additiond f @ 2 GKS LISIF{ LISNA2R FT2NJ O2ttAaizya 0O2NNI
deficiency rather than a period of maximunaffic. (Fraser and Thomas 1982)
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of moosevehicle crashes took place more than 300 meters from saltwater pdispp 200%
wSaSIFNOKSNE |fa2 1jdzSadA2ySR GKS 2NAIAYL f uaNBa Sl NOK
chance for a collision if roadside salt pools were not present and noted that the original research made

no assertion of the number of crashes that could have been prevented if the salt pools were removed.

(This and other dissenting perspectives argcdssed ithe section below Questioning the Link:

Wildlife-Vehicle Collisions and S3lt

Use of Roadside Salt Licks by Moose (Alces alces) in Northern New Hampshire

Researchers tracked 14 moose by radio collar and found that most (11 out of 14) ektemdie
elongated their home ranges specifically to include salty roadside gdilker and Litvaitisl992)

Environmental Impact of Road Saltingstate of the Art

A 182 Ontario Ministry of Transportation technical report stated that deer and moose that drink salty
water are prone to bolting, which can sometimes take them into the path of a vehicle rather than
moving away from it as they normally wou(donesand Jeffey 1986,cited inEnvironment Canada and
Health Canada 20Q5ection 3.6.1)

Questioning the Link:Wildlife-Vehicle Collisions and Salt

Reseath suggests that a link between roadside salt poolswitdiife-vehicle collisions is not universally
accepted Among those patrticipating in the survey of state practices conducted for this investigation,
two respondents explicitly reported not findingcarrelation betweerwildlife-vehicle collisions and salt

use. Montana DOT reported that no significant evidence tied collisions to the use of salt or salt brine on
roadways. Utah DOT tracks all animal carcass removal from its roadways, and data hasshown n
correlation with salt use or distribution.

In a 2004 report, the Salt Institutrguedd @i 8 KSNB A& fAGGES AO0WBIiATAO Ay
collisions related to the presence of highway salt along the roads(8alt Institute 2004Section 4.1)

To support its claim, the institute cites Wisconsin DOT data suggesting crashes between vehicles and

deer peak in October and November, thyy deer breeding seasof@Wisconsin DOT 20POctober and
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November accounted for 41.1 percent of all deehicle crashes in Wisconsin in 2001. A mucéllem
secondary peak 15.7 percent of crashesoccurred in May and June. The Salt Institute suggested that
those May and June collisions are unrelated to deicers, since road salt is generally not needed that late
in the year. This assertion, however, ignottes fact that salt remains on or near the roadway after

winter.

Published research is mixed on the peak monthsiitilife-vehicle strikesSome sources (including
research in Quebec, Ontario, Newfoundland, and southern Swedeam) found that animatallision
rates peak as sodium needs are highééany others (including research in British Columbia, Alaska,
Norway, Finland, and northern Sweden) have found that collision rates with moose peak in mid
November or midwinterAt these timesanimals seek feding sites that have little snow cover, which
are often available in valleys near roa¢i3ussault et al. 2006

These reportsigygest that in some areas and for some animal species, mating or migration behaviors
are a more pertinent cause ofildlife-vehicle collisions than road salt. A Montana DOT study of-deer
vehicle collisions suggests additional contributing factbes attracted whitetailed deer to high

collision sections of Highway 83 in the Seedeyan Valley(Huijser, Gunson, and Abrams 2006. 65)

These factorsinadedr2 R &l ft 4 fFyR YFyF3aSYSyid LINI OGAaAOSax
licks, temporary food sources created by logging, and hay in nearby horse pastures

As described earlier in this report, the conclusions of a 1982 Ontario study liokidgide salt pools to
wildlife-vehicle collisions have been questioned because the study made no attempt to determine how
many crashes would have occurred if roadside saltwater pools were eliminated or redkinadp

2009 Knapp found no other studies that linkedldlife-vehicle collisions to the use of road salt

(although research conducted after 2005 has found stronger links).

Wildlife-Vehicle Crash MitigationFocusing on Deicers

Numerous techniques have been identified to reduce the number of collisions between animals and
vehicles. These can be classified into four broad categories: reducing the animal population near the
roadway, reducing the number of vehicles on a roadway, fgodj animal behavior, and modifying
motorist behavior (Mastro et al. 2008A Montana DOT report details 39 mitigation techniques that
have demonstrated varying leis of effectiveness for deeize and larger animal@uijser et al. 2007
Additionally, a 2005 Transportation Research Boagep evaluates the state of research into many
often-suggested techniques for mitigating deezhicle collisionsnapp 200k

While many mitigation techniques have been tested, themelistively little research available about
the effect of deicetrelated solutions such as alternate deicers, additives, roadside salt pool
management, and compensatory salt sources. These spedifidfe-vehicle collision reduction
techniques are desdrsed below.
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Alternate Deicers

Many sources recommend the use of alternate deicers to reduce the numbeldtife-vehicle

collisions, but these recommendations are not generally supported by reséhgezirian et al. 2008

Hedlund et al. 2003 uijser et al. 200AVatson and Klingel 200Clevenger et al. 20)@& Federal

l AdKglFe& ' RYAYAAGNI GA2Yy NBLERNI tAaGSR aAy@SadAadalras
may be pomising (Huijser et al. 2008

Washington DOT wildlife biologists have reported anecdotal observations that calcium chloride and
magnesium chloride seem even more attiigetto wildlife than road sal{Luers 201BThese

observations were supported by an informal experiment in which biologists sprayed feeding barrels at a
bighorn sheep winter feeding site with eitheommercially available magnesium chloride solutions or
dissolved table salt. In all three tests, sheep licked the magnesium chtmated barrels first. The
magnesium chloride solutions contained proprietary corrosion inhibitors, and it is unknowh whic
specific components attracted the animals in this experiment.

Colorado Parks and Wildlife biologists have also cited magnesium chloride as an attractant for bighorn

sheep (Vieira2012¢ KS NB LI NI y20Sa GKIG dawo8AIK2NY aSSYy Ayeg
chloride applied to the roads, which increases their vulnerability to being hit by vehicles particularly

under poor driving conditions (Vieira 2012pp. 32)

In Jasper Park, Alberta, Canada, calcium chloride was specifically tested and failed to deter animals from
the road (Bertwistle 1997¢ited inHuijser et al. 2008

Additives

Several deicer additives have been tested for their ability to repel animals. Lithium chloride, a
gastrointestinal toxicant, was the most effective additive in a test of 14 caribou in Ali@rtavn 2000,

cited inBaird 20D) The caribou rejected nearly all of the food treated with lithium chloride that they
were offered over a fivelay test period. In the same test, the caribou were initially repelled by Deer
Away Big Game Repellent, an olfactory and taste repellent, ledlirig time and food intake returned to
near baseline levels by the end of the test period. Wolfin, which simulates the scent of wolf urine, had
no impact on the caribou. It must be noted that this test was conducted under controlled circumstances
rather than in the field.

Montana DOT and Montana Fish, Wildlife, and Parks tested GameAway as a deicer additive on Highway
200 to reduce vehicle collisions with bighorn she@vagg 2012 This research produced inconclusive
results, however(Justun Juelfs, personal correspondeftetographic data found that bighorn sheep

were on or near the road more often during GameAway treatment periods than at tthes, but
observational data found the opposite. Additionally, study results are considered compromised because
GameAway was almost always applied with a salt/sand mixture on the road rather than independently.
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Several tests of deer repellents on roatisvegetation have been ineffective at reducing collisions
(Mastroet al. 2008 A prior synthesis of repellent studies suggested that natural predator and
putrescent egg scents had the most potential as ateesed repellantgKnapp 2005 The synthesis

noted that areabased repellents needed to be fieldsted and that it was unlikely for a singkpellent

to be functional for all animals. A Montana DOT report concluded that olfactory or chemical repellents
likely have limited effectivenesgHuijser et al. 2007

Roadside Salt Pool Deactivation

In a threeyear study of roadside salt pool deactivation in the Laurentides Wildlife Reserve, where pools
were drained and filled with rocks, researchers noted significantly redoessbe visits, visit duration,

and frequency of night visit§Leblond et al. 200/Researchers concluded that reduced visitation rates

would reduce the risk of collisig although this was not specifically tested. Another field test of roadside

salt pool deactivation is under way in John Prince Research Forest in British Columbia, but results are not
yet available (Rea and Rea 20p5

A Maine DOT report recommended a similar approach: concentrating salt runoff in a specific location
and then identifying that location to the driving publ{aine Interagency Work Group on

Wildlife/Motor Vehicle Collisions 200This report, however, offered no details about implementing this
approach.

Agentbased modelinga model that simulates the actions and interactiomsnalividuals within a larger
population)of moose behavioin the Laurentides Wildlife Reserve also suggested that salt pool removal
would reduce the number of road crossings by mod€ecsman et al. 2009The model indicated that

100 percent roadside salt pool removal could reduce road crossings by 49 percent, if no compensatory
salt pools (salt pools created as a mineral source some distance from the roadway) were created, or by
18 percant if compensatory salt pools were created. Reimgiwo-thirds of roadside salt pools reduced
road crossings by 16 percent, regardless of whether compensatory salt pools were created. Another
study that used agerbased modeling found that removing roadsisalt pools reduced road crossings

by 22percent to 79 percent(Grosman et al. 20)XICompensation pools, if used, should be located as far
as possible from the roads, kast 500 meters.

Compensatory Salt Pools

As indicated above, models suggest that compensatory salt pools may reduce the effectiveness of salt
pool removal. An unintentional form of compensatory feedirgcompound salt shadhas been

observed as an attdant to bighorn sheep near Radium Hot Springs in British Colu(Bibid 2006

The author expressed concern about this shed potentially spreading-balina disease or

contamination of the salt with toxic substances, but observed that there has been no evidence of these
problems actually occurring.

81


http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1074&context=hwi
http://www.deercrash.com/papers/ToolTRB05FINALv2.doc
http://www.mdt.mt.gov/other/research/external/docs/research_proj/wildlife_crossing_mitigation/final_report.pdf
http://www.wildlifecollisions.ca/docs/leblondmngtsaltlicks2006.pdf.pdf
http://www.fhwa.dot.gov/publications/publicroads/05sep/05.cfm
http://mainegov-images.informe.org/mdot/pubs/pdf/437-446moosereport.pdf
http://mainegov-images.informe.org/mdot/pubs/pdf/437-446moosereport.pdf
http://www.ecologyandsociety.org/vol14/iss2/art17/
http://www.sciencedirect.com/science/article/pii/S0304380011000548
http://www.friendsofkootenay.ca/sites/default/files/Dibb%202006.pdf

Impacts of Using Salt and Salt Brine for Roadway Deicing

Salt andWater Reduction Near Roadways

As part of its response to the survey of state DOTs for this syntisesisAppendi®), Utah DOT offered
suggestions for reducing salt builgh near roadways. These suggestions inclug@udmizing salt use,
reducing salt scatter and bounce, and eliminating standing water where possible along roadsides within
the right-of-way to minimizethe potential forwildlife-vehicle collisions.

Wildlife-Vehicle Crash MitigationBeyond Deicers

While this synthesis focuses on mitigation techniques related to deicer usage, several other prominently
used techniques warrant brief overviews, including:

1 FencesSeveral studies have found that properly maintained fences, combined with wildlife
crossings, are the most effective method for reducing collisions between deer and vehicles
(Mastro et al. 2008Fences are also credited with reducing collisions with bighorn sheep in
north central Washington, even as the herd size is growighaffey 2012

1 Speed reductionsA test of speed reductions from 90 to 70 kilometers per houBasections of
the Yellowhead Highway in Jasper National Park, Alberta, Canada, produced mixed results
(Bertwistle 1999During the test period, there was a 33 percent decrease in bighorn sheep
vehicle collisions in 90 kph zones, but a slight increase in zones that were changdglto 70
Speed reductions were affiliated withdifferent impact on elk: Collisions increased by
84 percent in 90 kph zones, but a much lower 24 percent in 70 kph zones.

1 Crossing structureBanff National Park, Alberta, Canada, uses crossing structures in
conjunction with fences to reduasildlife-vehicle collisions on the Trai@anada Highways.
These crossing structures are expensive but effec{ddan Dibb, personal correspondenke)
addition, two states noted activities related to wildlife crossings in the state DOT survey
conducted for thisnvestigation:

0 Washington is constructing wildlife bridgettp://i90wildlifebridges.org/bridging
futures-2013 In 2014, a student design will be finalized for construction of
Washingty Qad FANRG At REATS 20SNONR&AAAYTD

o Wyoming DOT has installed several wildlife crossing struct(Reserto the survey
responses for this synthesis report in AppendliXThese large box culverts allow wildlife
to pass under the roadway in locations iddietil by the Wyoming Game & Fish
Department as migration routes or problem areas. The agency has noted success with
adding game fencing to the riglaf-way to channel wildlife toward the crossings.
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1 Public educationFew respondents of the state DOT syre®nducted for this synthesis
reported taking any steps to minimizéldlife-vehicle collisions thought to be caused by salt or
salt brine use. Public education was the only method used by a significant percentage of
respondents (21 percent).

Research ifProgress

{ SGSNIt LINRP2SOGa OdzaNNByidGte dzyRSNJ gl & KIF@S AYLI AO!
wildlife-vehicle collisions. This research includes:
1 An ITD project that seeks to determine where mitigation measures are needed to reduce

wildlife-vehicle collisions and the most ceaffective options. A GIS tool will identify highk
corridors. The project is scheduled for completion in June 2@ré&mer, in progre3s

1 The DeeiVehicle Crasinformation and Research Center pooled fund website, established in
2001, has not been maintained or updated since 2009. A current project will incorporate
research into the website that has been completed since tiiénapp, in progregs

1 Afield test of roadside salt pool deactivation is under way in John Prince Research Forest in
British Columbia, but results are not yet availalfRea and Rea, 20p®hile originally
scheduled to be completed in 2008, personal correspondence with the researcher revealed that
the project is still under way and no results could be shared yet.
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