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EXECUTXVE S U i W R Y  

Sand and sodium chloride (tix first deicer uscd) have been used for snow and ice conirol in the 

United States since the 1930s. These materials were cheap and abundant and enabled many 

roads to remain open during winter sïorms. By the 1950s sorne of tlie harmful effecïs of deicing 

s a h  had become widely known. However, the benefits of using deicers and sand for inorearing 

safety of winter driving remained a major factor in the continuing use of üicse snow and ice 

mntrol marerials. Since tlie 1960s numerous studies have been conductcd on the environmental 

and human hcalth effects and corrosion from the use of deicers. h report prcpared by 

Environment Canada (2000) proposed that road salts be considered "toxic" under the Canadian 

Environmental Protection Act oi 1999. Howevn, the report also stated that the use of dcioing 

agents was an important cornponenr of the strategies to keep roads open and safe during the 

winter and minimiz.e traffic accidents. It further concludcd that human safety must never be 

comprornised (Environment Carmda 2000). 

The deicers rcviewed in tliis study are divided into the following thrce groups: chloridebased 

deicers, acetate-based deicers, and sanding materials. The chloride-based deicers include 

rnagnesium chloride (FreezGard Zero@ with Shield tS@, Ice-Stop'" Ci, CaliberTM MlOOO, Ice 

BanTM M50)- calcium chloride (Liquidow* Armor*), and sodium chloride (road salt and [ce 

SlicerQ. The acctate-based deicers includc Calciirin Magnesium Acctate (C%@). Potassium 

Acetate (CF7@), Sodium Acnate (NAACQ, and CMAK'" (a mixture of CMA and Potassium 
Acetate). For each of the deicers and Sand, information is provided on chernical contaminant% 

enviionmental effects, human health effects, corrosion, application rare, performance at Iow 

tempcratures, costs, advaiitages and disadvantages. Sumrnary tablcç are also provided. 

Chemical Contaminants 

Chcmical and corrosion specifications have been devcloped for dcicers by Colorado, other States, 

and a consortium o f  northwestern  tat tes and British Columbia [Wcific Northwest Snowfightm 

(PKS) Association]. These specifications Iimit the amount of trace rnetâis and other chernicals 

allowed in dcicers and rcquire that deicers containing corrosion inhibitors be a t  least 70% less 

corrosive 10 mild stccl than Salt (sodium chloride). 



Th0 concentrations o f  trace metals and othcr chemicals are provided for çach of the deiccrs 

reviewod in this report. Thc trace metais îiiat wcre analyzed include arsenic, barium, cadmium, 

chromiiim, copper, Iead, rnercury, selcnjurn. and zinc. Other chernicals and parameters t h t  are 

providcd include cyanide, total phospliorus, pH, sulfate, ammonia, nitrate, and Biochemical 

Oxygen Dmand (BOD). 

Environmental Effccts 

The environincntal effects of the deicers are grouped into chloride-based deiccrs, acetat~based 

deicers aiid sand, The deicers arc cvaluated in i m s  of their eZfects on soil, surface water. 

groundwater (i.e., drinking water supplies), air, aqualic organisins, rcrrestrial vegetation, and 

tenesuial animals. 

Chloride-based Deicers 

The chloride ions in deicers increasc the salinity of the soi1 near the roadways where they arc 

applied The magnesium and calcium ions increasc the stability and permeaùiiity o f  the soi!, 

whereas sodium ions dccrease soi! stability and pmeabili ty.  Sodium chloridc, magnesium 

chloride, and calcium cliloride may conîributc to the mobilization of tracc metals from the soi1 to 

surface and groundwater, but field evidence ofthis cffcct is limiied. 

The chloride-based deicers have the potential to increase the salinity of the rivers, streains and 

lakes. Since the dilution of deicers from the roadways to nearby slrcarns is esiimated to rangc 

from 100 to 500-fold, salinity increases are only likely to occur in slow-ffowing streains and 

small ponds. Increased salinity bas been rcported in groundwater at a distance of more thaii 300 

k t  from roadways. 

The organic corrosion inbibitors present in some chioride dcicers have the potenlial to cause 

oxygcn depletion of streains near the roadways where the deicers arc applied and cnn result in 
monality of fish and other aquaiic organismç. However, the 100 to 500-fold dilution estiinatcd 

to occur from the roadways to the streams reduces the likelihood of these effects. 



The chloridc deicers have relntivcly low toxicity to fish and aquatic invmcbrates. They reduce 

air pollution through a rcduction in Sand use. The solid chloride deicers, such as Salt, may 

contribute to air pollution through particulates released into the air. 

The chloride-based deicers have been shown to have adverse effects on terrestrial vcgetation. 

Damage to vegemtion from dcicing salts has bcen reportcd to a distance o f  100-650 feet 

Honever, there is a wide range of tolerancc o f  different spçcies of plants to the effccts of 

chlorides. 

Sodium chloride crystals attract birds and xammals, which can conkibute i'o road kills. 

Magnesium chloride and calcium chloride deicen. on the other haiid, do not aMact wildlife sincc 

the main chernical atlractant is sodium. Acute toxicity tests show that there is slight oral toxicity 

of the chloride deiccrs to small animals. 

Acctate-based Deicers 

The acetate-based deicers arc organic and have different kinds of effects on the eiivironmeiit than 

the chloride-based deicers. The acetate ions are broken down by soi1 microorganisms and may 

result n oxygen deplction of îhe soil, which can impact vegetation. The acetae deicers also 

have thc potential to cause oxygen depletio:? in rivers, streams and lakes. Since the dilution o l  

deiccn from roadways tc nearby streams is estimated to range from 100 to 500-fold. oxygen 

depletion is likely to occur only in slow flowing sireams and smrzll ponds. The aquatic toxicity 

of CMA to fish and rnveriebtates is low. The acetatc deicers Potassium Acetalc, Sodium Acetalc 

(NAAC), and C W K  have higher ioxicity to aquatic organisms. 

The cse oithe acetatc deicers results in the dccreasc of air pollution from the reduction in Sand 

use However, the solid acetate deicers CMA and NAAC may contribute fine particulates to the 

ait and incrcase air pollution. 

The âcctate deicers CMA and Potassium Acetâte are not hamfül to tencstrial vcgetation at the 

concentrations tygically used on the roadways. Howcver, NAAC may potmtially have an 

adverse effect on vegetation because of the prescnce of the sodium ion, which decrcases h e  

stability and permeability of thc soil. The depletion of oxygen in the soil froin the ûrcakdown of 

... 
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the acetatc ion can have a ncgative effect on plant growth. 1-iowever, ficld evidencc of this effecç 

is limited. 

Slight acute oral toxicity to mammals has b e n  reported for the aceta!e deicers. No studies have 

been conduaed on whether the acetatc deicers atlract wildlife to roadways. 

Sund 

Sand is not a deicer, but has been used for snow and ice con:rol since the early 20'h Centwy 

Sand has a ncgative effect on water quality as a result o f  the incrçased turbidity caused by the 

prescnce of Sand particles in waicr. The iiicrcased wnter turbidity can rcsult in inortality of fish 

and bottomdwelliiig invertebrates that may be covered by thc sand. The increased turbidity will 

ais0 reduce or inhibit photosynthesis in aquatic planis. Sand used for siiow and ice control 

increascs air pollution and contributes approximately 45% of the small partieulates present in air 

Wrtter Quality Data Collected in the Roaring Folk Watershed 

Waier quality data has been collected by thc US. Geological Survcy (USGS) and the Roaring 

Fork Conservancy in the Roaring Fork watershed between Difficult Creek near Aspen, Colorado 

and the Roaring Fork River nt Glcnwood Springs, Colorado. The study was conducted to 

charactcrize the episodic occurrence of dissolved chloride resulting from the dcicing o f  

roadways. Mcan daily Stream flow, spccific conductance, and dissolved chloride were measured 

and compared wiih historic data. The dissolved drloride concentrations were lowest at the 

upstream stations and highest at the downstrcam station at Gieriwwood Springs. The hi& levels of 

dissolved chloride found in the Roaring Fork River near Glenwood Springs may be the result of 

die interaction of the water with the sedimentary geology in the watnshed. 

The Roaring Fork Conservancy collected waier çamples from various locations in the Roariiig 

Fork wakrshed and measured total chlorides and conductivity betwecn Septmber 2000 and 

September 2001, Samples w r e  collected from the Roaring Fork River between Diiiicult Crcck 

and Glenwood Sprinss, and thc Crystal River, Frying Pan River, aiid scveral crccks that flow 

into the Roaring Fork River. The chloridc levek wcre generally highest a: the dowistream 

stations near Glenwood Springs. A large geological feature and hot Springs near Glenwood 

Springs was postuiated to be thc cause of higher chloride !cvelç at that location. kiowevcr, 



the chloride levels were stili below the Colorado reylatory liinit of 250 ppm for domestic water 

supplics. 

Studics conducted by the Aspen Department of Environmental Health sliowed that chloride 

levels increased in the Roaring Fork River from above Aspen to downsrrem o f  hspen wlien 

chloride-based deicers werc used (L. Cassin, Aspeii Environmental Healt1-1 Departmenl, personal 

communication). 

Buman Health Impacts 

Potential human health cffects of deicers may include irritation o î  the eyes, skin, respiratory tract 

and digestive tract, and possibly srnall increases in cancer rate: from trace metals. Toxicity tests 
conducted on rats indicnte that the deicers muld have slight oral toxicity ta humans. Elevated 

levels of sodiuin in drinking water have been Iinked to hypertension in humans. The deicers Jce 

Ban MSO. inhibited calcium chioride, and CMAK have Ievcls o f  nitrates above the Colorado 

drinking water standards. Nigh blood levels of  nitrates in infants and Young children cm 
interfere with oxygen uptakc frem the blood. inhalation of sand over long periods of time could 
lead ro diseases of the lungs, such as 8ilicosis. Sand is also livted as a carcinogen. 

Trace metols are naturally ocmrring elments that are present in somc deicers in minute 
amounts. Vehiclcs and industriol activities also are sources of trace metals. Long-terrn exposure 

to trace metals rnay cause diseases o f  the lung, liver, kidneys, blood, nen’ous systcm, rcspirately 

tract, kidneys, and skin. The trace metals arscnic, cadmium, and chtomium (Vl) have k e n  
identified as carcinogens. Lead and selenium (as selenium sulfide) may be carcinogens, but 

there i s  insufficimit evidence that they can cause canccr iii humans. Since the dilution of  the 

deicers from the roadway to drinking water supplies iç eaimated te range 6om 100 to 500-f0Id, 

the small amounts of tracc metais n deicers wouid probably not cause serious human liealth 

effects. 

A study conducted by the Colorado Department o f  Public Health and the Environment (CDPHE) 

on the health elfects ofthe deicers sodium chloride and mngnesium chloride from exposure 10 air 

is sumrnarited in this report. The rcsultî of thc risk assessrnent indicated thnt arsenic, cadmium 

and chromium exceeded a cancer risk o f  1 in 1,@@@.000 (lx1W6) wheii exposure was 24 
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