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1.0  Introduction 

Clear Roads is an ongoing pooled fund research project aimed at rigorous testing of winter maintenance 

materials, equipment and methods for use by highway maintenance crews. Launched in 2004 by 

experienced winter maintenance professionals, Clear Roads responds to a need for research based on 

practical experience.  Recognizing that there is limited published aquatic toxicity information for deicer 

chemicals, Clear Roads commissioned this current study to test the acute and chronic toxicity of several 

deicer chemicals using standard toxicity testing species.  The goal of this study was to develop a ranking 

of the relative toxicity of the deicing materials.  Results of this study are provided in this report. 

The project scope included toxicity testing of deicer chemicals in the following base chemical categories: 

sodium chloride, magnesium chloride, calcium chloride, potassium acetate and glycerol.  The Clear 

Roads Technical Advisory Committee intended to test two commercially available corrosion-inhibitor 

products in each category.  Two inhibitor products were identified and tested for sodium chloride, 

magnesium chloride, and calcium chloride while only one product was available for potassium acetate 

and one for glycerol.   

As part of this study, a literature review was conducted (Section 2.0).  This review included published 

studies with aquatic toxicity data derived from laboratory tests performed with deicing chemicals 

(preferably the chemicals tested in this current study).  Because of limited toxicological data for deicing 

chemicals, this literature review was expanded to include a limited number of studies with published 

acute and chronic endpoints for pure solutions of sodium chloride, calcium chloride, magnesium chloride, 

potassium salts and potassium acetate.  These data provide some additional context with which to 

evaluate the relative effect of the whole deicing product relative to the component salt.  

The scope of toxicity testing included chronic toxicity tests using US EPA methods (US EPA, 2002 and 

US EPA, 2002b).  Tests were conducted in a controlled laboratory setting using an invertebrate 

(Ceriodaphnia dubia), a fish (fathead minnow-Pimephales promelas), and a phytoplankton (Selenastrum 

capricornutum).  Acute toxicity data were also derived from the chronic tests by using measurements 

taken on day 2 for Ceriodaphnia dubia and day 4 for fathead minnows.  Chemical analyses were 

conducted on the undiluted product solutions used in testing. Section 3.0 (Methods) provides additional 

descriptions of testing methods, performance requirements, and statistical calculation of toxicological 

endpoints. 
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Section 4.0 (Results) includes a general description of the test results, some interpretation of the results, 

toxicological endpoints, and a brief discussion of deicing chemicals in the broader environment.  This 

section also includes a ranking of the relative toxicity of the deicer chemicals.  Section 5.0 (Discussion) 

provides a discussion of results and how these results should be interpreted and applied. 

 

  



 

 3
 

2.0  Literature Review 

The effect of salts on aquatic life has been extensively studied and it is now understood that the 

concentration of salt that induces aquatic toxicity varies among the several anion and cation 

combinations that may potentially make up a salt.  In addition, several studies (Elphic et al., 2011, 

Goodfellow et al., 2000) have shown that the toxicity of a given salt may change when combined 

with other salt mixtures (NCASI, 2009).  Given this complexity, logistic regression models have 

been applied to tease out the relative toxicity of salt components in complex mixtures.  Regardless, 

literature (Mount et al., 1997, NCASI, 2009) largely supports the conclusion that the toxicity 

potential of the “cation” component of salt can be ranked as follows (high toxicity potential to low): 

K+>Mg2+>Na+=Ca2+.  This relationship also holds true when each of the cations is held in salt form 

by chloride (NCASI, 2009).  Acute and chronic toxicity data from a few studies have been compiled 

in Table 1 for the test species Ceriodaphnia dubia, Pimephales promelas, and Selenastrum 

capricornutum.  Although there is variability between studies, potassium chloride is the most toxic, 

followed by magnesium chloride, and then sodium and/or calcium chloride.  It is interesting to note 

that acetate as the corresponding anion to potassium is more toxic than when sulfate or chloride is the 

corresponding anion.  It is often presumed, although not proven, that acetate contributes to toxicity 

by consuming dissolved oxygen during the toxicity test and thereby inducing stress on the test 

species. 

The potential aquatic toxicity of a deicer is a function of the base salt, the corrosion inhibitor, the salt 

concentration in the corrosion inhibitor, and impurities.  As part of a literature review, three studies 

were identified that provided useful endpoint (e.g., LC50, IC25, IC50) data for the test organisms 

used as part of this current study.  Data from two relevant studies are summarized in Table 2.  The 

study by the Insurance Corporation of British Columbia, 2000, included toxicity tests with several 

inhibitors and salts.  Some inhibitors were tested without salt as well as with different salts and salts 

at different concentrations.  This enabled the user of this study to roughly identify the toxicological 

effect of the inhibitor separately from the salt.  For example, the Ceriodaphnia dubia acute 2-day 

LC50 (concentration at which there is 50 percent survival of the test species for an acute or chronic 

test) for the product IceBan was 395 mg/L as product.  This demonstrates that by themselves, 

corrosion inhibitors have toxic properties at concentrations (as product mass) that can be notably less 

(i.e., more toxic) than salts commonly used in combination with inhibitors. When a sodium chloride 

brine was mixed with IceBan (20 percent by volume), the acute LC50 for Ceriodaphnia dubia was 

2,127 mg/L.  The acute LC50s listed in Table 1 for Ceriodaphnia dubia and sodium chloride only (no 



 

 4
 

inhibitor) ranged from 790 to 2,308 mg/L.  Similarly, for a 50 percent mixture of calcium chloride 

salt brine and IceBan, the acute LC50 for Ceriodaphnia dubia was 676 mg/L.  Given a range of acute 

LC50 values for Ceriodaphnia dubia of 1,794 to 1,830 mg/L for calcium chloride only (no inhibitor), 

it can be seen that an increased percentage of inhibitor increased the differential between the salt 

only toxicity and the salt plus corrosion inhibitor toxicity (e.g., more inhibitor equated with more 

toxicity).  Although this is a useful observation, from these data the degree of toxicity contribution 

by the inhibitor cannot be quantified. 

Interpretation of the data in Table 2 also suggests that 50 percent solutions of salt and 50 percent 

solutions of IceBan have largely similar toxicity regardless of whether calcium or magnesium 

chloride is used as the salt brine.  It appears that the sodium chloride (23 percent) and IceBan 

(20 percent) mixture is less toxic than the magnesium chloride (80 percent) and IceBan (20 percent).  

However, the chloride concentration of the magnesium chloride mixture was 18.6 percent by weight 

compared to 14.4 percent for the sodium chloride mixture, suggesting that the magnesium chloride 

solution was more concentrated.  Reviewing all of the data it Table 2, a general rule could not be 

developed with respect to the relative toxicological effect of the salt component of a brine-corrosion 

inhibitor mixture.  It is clear, however, that the toxicity of different inhibitors varies greatly and that 

potassium acetate is consistently the most toxic deicer.  It is recommended that the original literature 

also be reviewed to gain a full understanding of the contents of these studies.  
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3.0  Methods 

To minimize variability and site specific effects inherent with studies conducted in the natural 

environment, this study employed established toxicity testing methods (US EPA, 2002 and US EPA, 

2002b) and a controlled laboratory environment to examine the potential aquatic toxicity of deicer 

materials.  A fish (fathead minnow, Pimephales promelas), a crustacean (Ceriodaphnia dubia), and 

an algae (Selenastrum capricornutum) were used to represent the range of aquatic biota that might be 

resident in a water body receiving road runoff.  These species were also chosen because of readily 

available and established toxicity testing methods, a well-established body of toxicity literature exists 

for these species, and some of these species, in particular Ceriodaphnia dubia, are among the most 

sensitive of aquatic biota. Ceriodaphnia dubia and fathead minnows were cultured by the toxicity 

testing laboratory (Environmental Toxicity Control, Woodbury, Minnesota) and Selenastrum 

capricornutum was from C-K Associates in Baton Rouge, Louisiana.  Synopses of toxicity testing 

methods are provided in Tables 3, 4, and 5. 

Deicer materials used in testing were chosen by the Clear Roads Technical Advisory Committee.  A 

total of eight deicers were selected and included the base salts sodium chloride, calcium chloride, 

magnesium chloride, potassium acetate and the organic-based deicer glycerol. The deicers used, base 

salt, manufacturer, and Pacific Northwest Snowfighter (PNS) product category included: 

� Sodium chloride brine with corrosion inhibitor Watershed Cl from Rivertop Renewables 

(PNS product category A1).  850 milliliters of salt brine with sodium chloride (biological 

grade salt from Fisher Scientific) at a concentration of 23.5 percent (by weight) was mixed 

with 42.5 milliliters of inhibitor giving a final targeted salt content of 20.6 percent by 

weight.  

� Sodium chloride brine with corrosion inhibitor Beet 55 from Smith Fertilizer and Grain 

(PNS product category A3).  850 milliliters of salt brine with sodium chloride (biological 

grade salt from Fisher Scientific) at a concentration of 23.5 percent (by weight) was mixed 

with 255 milliliters of inhibitor giving a final targeted salt content of 16.7 percent by 

weight. 

� FreezGard CI Plus by North American Salt.  PNS Category 1 products contain no less than 

25 percent magnesium chloride. FreezGard CI Plus contains 30 percent magnesium 

chloride. 
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� Meltdown Apex by Envirotech Services.  This is a PNS Category 1 product that contains 

25 percent magnesium chloride.  

� Road Guard Plus by Tiger Chemical.  This is a PNS Category 2 product that contains 25 

percent calcium chloride.  

� Boost by America West.  This is a PNS Category 2 product that contains 32 percent 

calcium chloride. 

� CF-7 by Cryotec.  This is a potassium acetate based deicer that is not currently on the PNS 

Qualified Product List and is in the Experimental Category.  CF-7 contains 50 percent 

potassium acetate. 

� Apogee by Envirotech Services.  This is a glycerol based deicer.  The glycerol 

concentration of this product is not provided by the product material safety data sheet.  

In 1 to 2 liter plastic bottles, salt brine-corrosion inhibitor mixtures were added to moderately hard 

synthetic water (for Ceriodaphnia dubia and fathead minnows) and Woods Hole nutrient medium 

(for Selenastrum Capricoruntum) to create a range of deicer doses that could be both chronically and 

acutely toxic.  Moderately hard synthetic water is an US EPA prescribed (US EPA, 2002) acute and 

chronic testing formula that produces balanced salt concentrations and micronutrients that mimic 

natural water and also provides a medium in which many organisms can survive, grow, and 

reproduce normally (Table 6).  The use of moderately hard synthetic water was also necessary to 

provide good control results, to mimic that which would normally occur with salt application and the 

dilution of salt with snow and ice-melt, and to avoid the effects of the diluent on toxicity at the 

different deicer doses (e.g., deionized water by itself would be toxic).  Woods Hole medium 

(Table 7) provides the necessary nutrients for algal growth. Doses were identified based upon range 

finding tests conducted with five of the test products.  Chemical analyses were conducted on the 

stock solutions (e.g., undiluted deicers) at a commercial laboratory (see Table 7 for a list of the 

parameters and a summary of the analytical results; also see Appendix A for the laboratory reports).  

Chemical and physical measurements taken during the toxicity tests are provided as part of the 

toxicity testing laboratory reports (Appendix B).  

Although the tests were conducted according to chronic toxicity testing procedures for Ceriodaphnia 

dubia and fathead minnows (US EPA, 2002) and the tests were conducted for 7 days, doses were 

chosen such that acute and chronic toxicological endpoints could be calculated.  Acute testing 

deviated from standardized procedures in that only 10 Ceriodaphnia dubia test organisms were used 
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for testing (chronic tests) rather than the 20 that are called for.  Similarly for fathead minnows, acute 

testing deviated from standardized procedures in that 40 fathead minnow test organisms were used 

for testing (chronic tests) rather than the 20 that are called for.  Because the Selenastrum 

capriconutum bioassay is conducted for 4 days, only chronic data were generated. 

The following toxicological endpoints were calculated for the acute and chronic test results: 

� NOEC: No observed effect concentration.  This is the highest concentration in a test series in 

which the result (survival, growth, or reproduction) is not significantly different from the 

controls. 

� LC50: Lethal concentration with 50 percent mortality.  This is the test concentration in which 

there is 50 percent mortality. 

� IC25: Inhibition concentration with 25 percent reduction (growth, reproduction) compared to 

the controls.   

� IC50: Inhibition concentration with 50 percent reduction (growth, reproduction) compared to 

the controls.   

All toxicological endpoints were calculated using US EPA programs that are described in the US 

EPA “Chronic” manual (US EPA, 2002) and the “Acute” manual (US EPA, 2002b).  To maintain 

consistency between the chemicals tested, Dunnett’s test was used to calculate NOECs for all deicers 

and for acute and chronic survival.  The Spearman-Karber or the Trimmed Spearman Karber (if there 

was some mortality in the controls) was used to calculate acute and chronic LC50s for survival.  

Linear interpolation using the ICPIN program was used to calculate IC25 and IC50 values for growth 

and reproduction.   



 

 8
 

4.0  Results 

Tables 8 through 15 provide survival, growth, and reproduction results recorded on the second, 

fourth, and seventh day of testing for all three test species, all eight test products, and for all of the 

doses tested.  For fathead minnows, acute test results provided in Tables 8 through 15 were measured 

on test day four, while acute test results for Ceriodaphnia dubia were measured on test day two.  All 

Ceriodaphnia dubia and fathead minnow tests were run to completion (day seven). Chronic test 

results in Table 8 through 15 for fathead minnows and Ceriodaphnia dubia were both measured on 

day seven of the test while measurements for Selenastrum capricornutum were taken only on the 

fourth and final day of this test.   

For Ceriodaphnia dubia and fathead minnows, control survival was greater than 80 percent in the 

controls and there were no abnormalities observed during tests.  For Ceriodaphnia dubia, young 

production in the controls exceeded the minimum requirement of 15 neonates per adult female.  For 

both Ceriodaphnia dubia and fathead minnow, results of reference toxicity tests were within the 

range of results typically generated by the testing laboratory (also see US EPA, 1991).  All test 

results can be considered acceptable and useable.  Toxicity testing reports provided by the testing 

laboratory are provided in Appendix B. 

For all of the products tested except for Apogee, there was a normal “dose-response” relationship in 

which higher deicer product concentrations generally led to reduced survival, growth, or 

reproduction.  Acute as well as chronic effects were produced for all products tested except for 

Apogee where doses were not high enough to elicit a pronounced acute toxic effect.  A general 

description of the results obtained for each product is provided below.  A discussion of acute and 

chronic endpoints is provided after this general discussion. 

General Description of Test Results 

Watershed Cl 

For fathead minnows, acute and chronic effects on survival can be seen at doses greater than 

12 grams product per liter of diluent (Table 8, Figure 1).  The chronic effect on survival was nearly 

identical to the acute effect (see Figure 1).  It can be also seen that very low concentrations of 

product (e.g. 0.5 grams product per liter of diluent) had a stimulatory effect on minnow growth 

measured as weight at the end of the seven day test.  This was observed for nearly all of the products 
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tested.  Chronic effects (weight) can also be seen at doses greater than 12 grams product per limit of 

diluent.   

For Ceriodaphnia dubia, a noticeable acute effect on survival can be seen at doses greater than 

12 grams product per liter of diluent.  Chronic survival effects were observed at doses greater than 

3 grams product per liter of diluent.  The effect of product on reproduction, the chronic endpoint, was 

variable between doses of 0.005 and 0.5 grams product per liter of diluent.  Reproductive effects 

began to occur at approximately 0.5 to 1.0 grams product per liter of diluent.   

It is difficult to isolate what constituent in the deicer product is responsible for toxicity; however 

Ceriodaphnia dubia reproduction, for example, began to decline between 0.5 and 1.0 grams product 

per liter (IC25 of 0.990 grams product per liter of diluent, toxicity endpoints are discussed below). 

These doses correspond to specific conductance levels of 458 to 483 us/cm and sodium chloride 

concentrations of 141 and 254 mg/L (Table 8).  According to a study by Lasier and Winger, 2004, the 

IC25 for Ceriodaphnia dubia expressed as total dissolved solids averaged 787 mg/L (dissolved solids 

components included chloride, sulfate, and bicarbonate).  A concentration of 787 mg/L is 

approximately equal to 1,100 us/cm specific conductance.  Because the sodium and chloride 

concentrations are far below expected chronic toxicity thresholds (see Table 1) and yet there is 

toxicity at 0.5 to 1.0 grams product per liter of diluent, it appears that the inhibitor is contributing to 

observed chronic toxicity to Ceriodaphnia dubia.  Specific conductance was greater than 1,387 us/cm 

and greater than 704 mg/L sodium chloride at doses of 3.0 grams product per liter of diluent or 

greater, and it can be assumed that dissolved salts in the salt brine-inhibitor mixture were 

contributing to the observed reduction in reproduction at these concentrations.  The purpose of this 

discussion is simply to point out that the inhibitor and the salt appear to both contribute to toxicity.  

It was not the intent of this study to identify the degree to which they each contribute to toxicity.  

Further study and a different study design would be required to isolate the relative contribution of 

salt and inhibitor.  

All product doses up to 15 grams product per liter of diluent stimulated the growth of Selenastrum 

capricornutum when compared to the controls. A dose of 30 grams product per liter was required to 

cause a notable reduction in growth.  

Beet 55  

For fathead minnows and at product doses of 2 grams per liter of diluent, both acute and chronic 

survival effects were not notable, however, there was 100 percent mortality at the next highest dose 
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of 6 grams product per liter of diluent (Table 9, Figure 2).  The chronic effect on survival was 

identical to the acute effect (see Figure 2).  It can be also seen that very low concentrations of 

product (e.g. 0.5 grams product per liter of diluent or less) had a stimulatory effect on minnow 

growth measured as weight at the end of the seven day test.   

For Ceriodaphnia dubia, acute effects on survival can be seen at doses greater than 10 grams product 

per liter of diluent.  Chronic survival was reduced compared to controls at product doses as low as 

0.002 grams product per liter of diluent.  The effect of product on reproduction, the chronic endpoint, 

was variable between doses of 0.0005 and 0.004 grams product per liter of diluent. Reproductive 

effects were more apparent at approximately 0.01 to 0.1 grams product per liter of diluent.   

All product doses up to 4 grams product per liter of diluent stimulated the growth of Selenastrum 

capricornutum when compared to the controls. A dose of 6 grams product per liter was required for 

growth reduction to be apparent.  

FreezGard CI Plus 

For fathead minnows and at product doses of 0.03 to 0.5 grams per liter of diluent, both acute and 

chronic survival effects were variable with toxic effects becoming apparent at 1.0 grams product per 

liter of dilution and complete acute and chronic mortality at a dose of 8 grams product per liter of 

diluent (Table 10, Figure 3).  Compared to Watershed Cl and Beet 55 (discussed above), there was a 

larger difference between acute and chronic survival effects (see Figure 3).  It can be also seen that at 

concentrations up to 1.0 grams product per liter of diluent there was a stimulatory effect on minnow 

growth measured as weight at the end of the seven day test (because there was complete mortality at 

8 grams product per liter diluent, there was no growth at this dose).   

For Ceriodaphnia dubia, noticeable acute effects on survival can be seen at doses greater than 

8 grams product per liter of diluent.  Chronic survival was reduced compared to controls at product 

doses as low as 0.5 grams product per liter of diluent.  The effect of product on reproduction, the 

chronic endpoint, was variable between doses of 0.05 and 0.15 grams product per liter of diluent.   

In contrast to Watershed Cl and Beet 55, there was no stimulatory effect on Selenastrum 

capricornutum growth with the addition of product to diluent.  Phosphorus concentrations were 

higher but some nitrogen species (nitrate plus nitrite) were lower in FreezGard CI Plus (Table 7) 

compared to the other products.  It is possible but not certain that a lack of available nitrogen also 

explains the lack of stimulatory response with this product.  Growth was reduced at the lowest dose 

tested (1 gram product per liter of diluent) as well as all other test doses. 
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Meltdown Apex 

For fathead minnows and at product doses of 0.06 to 1.0 grams per liter of diluent, both acute and 

chronic survival effects were variable with toxic effects more apparent at 2.0 grams product per liter 

of dilution and complete acute and chronic mortality at a dose of 16 grams product per liter of diluent 

(Table 11, Figure 4).  There was very little difference between acute and chronic survival effects (see 

Figure 4).  It also can be seen that at concentrations up to 2.0 grams product per liter of diluent there 

was a stimulatory effect on minnow growth measured as weight at the end of the seven day test 

(because there was complete mortality at the next highest dose of 16 grams product per liter diluent, 

there was no growth at this dose).   

For Ceriodaphnia dubia, noticeable acute effects on survival can be seen at doses greater than 

8 grams product per liter of diluent.  Chronic survival was reduced compared to controls at product 

doses as low as 0.5 grams product per liter of diluent.  The effect of product on reproduction, the 

chronic endpoint, was variable between doses of 0.05 and 0.15 grams product per liter of diluent.   

Similar to FreezGard CI Plus, there was no stimulatory effect on Selenastrum capricornutum growth 

with the addition of product to diluent.  Since phosphorus and nitrogen concentrations were lower in 

FreezGard CI Plus (Table 7) compared to the other products with a stimulatory growth response, lack 

of nutrients may be the cause of this observed difference.  Growth was reduced at the lowest dose 

tested (1 gram product per liter of diluent) as well as all other test doses. 

Road Guard Plus 

For fathead minnows, there was a clear and stepwise decrease in acute and chronic survival as well as 

a reduction in growth with an increase in product dose (Table 12, Figure 5).  There was very little 

difference between acute and chronic survival effects (see Figure 5).   

For Ceriodaphnia dubia, noticeable acute and chronic effects on survival were observed for doses 

greater than 6 grams product per liter of diluent. Young production (the chronic endpoint) increased 

compared to controls at product doses between 0.10 to 1.5 grams per liter diluent while there were 

pronounced effects on young production at doses above 1.5 grams. 

All product doses up to 4 grams product per liter of diluent stimulated the growth of Selenastrum 

capricornutum when compared to the controls.  Road Guard Plus had higher nitrogen concentrations 

compared to products that did not stimulate Selenastrum capricornutum growth (Table 7).  It is 

possible that nitrogen is responsible for growth stimulus at lower doses.  A dose of 6 grams product 

per liter was required for growth reduction, compared to controls, to become apparent. 
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Boost 

For fathead minnows, there was largely a clear and stepwise decrease in acute and chronic survival as 

well as reduced growth with an increase in product dose (Table 13, Figure 6).  There was a small 

difference between acute and chronic survival effects (see Figure 6).  With the exception of 

Metldown Apex, FreezGard Plus, and CF-7 (discussed below) and for the products discussed to this 

point it has been noted that there was little difference in acute and chronic mortality (similar to 

Boost); indicating that most of the toxic effect occurred in the first few days of testing. This suggests 

that an assessment of aquatic effects with deicer application should consider acute as well as chronic 

effects and in some situations acute affects may more readily align with the time scale of a storm 

event (see Section 5.0 Discussion).  

For Ceriodaphnia dubia, noticeable acute effects on survival occurred at doses greater than 1.5 grams 

product per liter of diluent while chronic effect were observed  at doses greater than 0.5 grams 

product per liter of diluent. Young production (the chronic endpoint) increased compared to controls 

at product doses between 0.10 to 0.5 grams per liter diluent while there were pronounced effects on 

young production at doses above 0.5 grams. 

All doses up to 2 grams product per liter of diluent stimulated the growth of Selenastrum 

capricornutum when compared to the controls.  Boost had higher nitrogen (e.g., total Kjeldahl 

nitrogen and nitrate plus nitrite) concentrations compared to products that did not stimulate 

Selenastrum capricornutum growth.  It is possible that nitrogen is responsible for growth stimulus at 

lower doses.  A dose of 4 grams product per liter was required for growth reduction (compared to 

controls) to be apparent. 

CF-7  

For fathead minnows there was largely a stepwise decrease in acute and chronic survival as well as 

reduced growth with an increase in product dose (Table 14, Figure 7).  Compared to the other 

products tested, there was a larger difference between acute and chronic survival effects (see 

Figure 6).  With respect to growth (chronic effects) there was only a slight stimulatory effect at low 

doses and growth steadily declined with product dose. 

For Ceriodaphnia dubia, acute and chronic survival effects were highly variable between doses of 

0.0025 to 1.0 grams product per liter of diluent. Conversely, young production (the chronic endpoint) 

compared to controls declined at very low doses (e.g., 0.0025 grams product per liter of diluent) and 

young production remained low and somewhat variable between 0.0075 to 1.0 grams product per liter 
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of diluent.  There was no young production at the highest dose tested (2.0 grams product per liter of 

diluent). 

It appears that CF-7 had no stimulatory effect on Selenastrum capricornutum growth.  Compared to 

the other products that stimulated Selenastrum capricornutum growth, CF-7 had higher total 

phosphorus (as P) but lower total Kjeldahl nitrogen concentrations and lower nitrate plus nitrite 

(Table 7). There was largely a stepwise decrease in growth with an increase in product dose 

(Table 14, Figure 7).   

Apogee 

From an aquatic toxicity and chemical composition perspective, Apogee was notably different from 

the other products tested.  At the doses tested, there was little acute toxicity (maximum dose of 

20 grams product per liter of diluent) while at day seven of the test (chronic testing period) there was 

very little survival even at low doses (e.g., 10 percent survival at 0.5 grams product per liter of 

diluent). Only a slight stimulatory growth effect was observed at the lowest dose (0.05 grams product 

per liter of diluent) and there was reduced growth for all higher doses.  

For Ceriodaphnia dubia, there was no consistent dose-response relationship with either little or no 

acute or chronic (survival) toxicity observed for all doses tested.  The highest dose was 10 grams 

product per liter of diluent, and hence, higher doses should have been tested to elicit reduced survival 

and to more accurately quantify the toxicity of this product.  Young production (the chronic 

endpoint) was highly variable across all the doses tested except for the two highest doses tested 

(3.0 and 10.0 grams product per liter of diluent) where there was 1.5 and 0.0 young produced per 

adult female.   

It appears that Apogee had no stimulatory effect on Selenastrum capricornutum growth.  Compared 

to the other products that stimulated Selenastrum capricornutum growth, Apogee had higher 

phosphorus but lower total Kjeldahl nitrogen concentrations and lower nitrate plus nitrite (Table 7). 

There was largely a stepwise decrease in growth with an increase in product dose (Table 15, 

Figure 8), however, doses were not large enough to reduce growth such that NOECs, IC25, and LC50 

endpoints could be calculated. 

 

Toxicity Endpoints 
For each test species and each deicer product tested, a series of acute and chronic endpoints were 

calculated.  The endpoints calculated included: NOEC-acute (survival), LC50-acute (survival), 
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NOEC-chronic (survival), LC50-chronic (survival), NOEC-chronic (young production or growth), 

IC25-chronic (young production or growth), and IC50-chronic (young-production or growth).  These 

endpoints were defined in Section 2.0 of this report.  Endpoints were calculated using three different 

approaches: (1) product mass basis, (2) mass of major salt component, and (3) volumetric basis.  

Endpoints on a product mass basis are provided in Tables 16, 17, and 18.  Endpoints calculated on a 

major salt component basis are provided in Tables 19, 20, and 21 and endpoints calculated on a 

volume of product basis are provided in Tables 22, 23, and 24.  Although these products were tested 

in liquid form, the product mass used for each test can be readily calculated by multiplying the 

product density by the volumetric dose or endpoint.  Each salt brine-product mixture or product was 

analyzed for a range of analytes, including the primary salt component (e.g., sodium and chloride).  

Endpoints provided on a volumetric basis were simply converted to a ”mass of major salt basis” by 

multiplying the volume dose or endpoint by salt concentration of the undiluted deicer.  This was 

conducted to normalize the results and to facilitate comparison of the different products because they 

had a range of salt concentrations which are prescribed by PNS specifications.  

The endpoints in Tables 16 through 24 could be applied in various ways including a comparison of 

the relative toxicity of the products tested (discussed in more detail below) and an estimation of 

potential toxicological effect with product application.  It is important to note that the effect should 

be considered “potential” because there are several site specific (e.g., water content of snow) and 

receiving water variables (e.g., chemistry, temperature, resident biological species) that are not 

included in this laboratory-based study.   

The acute NOECs and LC50s could be used to estimate the potential toxicological effect of a given 

mass or volume of product when diluted in snowmelt and/or the receiving water body. These 

endpoints provide an indication of short term toxicity and may be best suited to receiving waters such 

as streams and rivers where the exposure period for resident biota is equal to the storm event length.  

Chronic NOECs and LC50s for survival may be more applicable for water bodies with longer 

residence times such as lakes or for climates in which storm events are generally longer. Chronic 

growth and young production NOECs, IC25s, and IC50s may be best suited to estimate effects in 

lakes or wetlands or for rivers and streams with particularly sensitive biota (e.g., trout).  In general, 

NOECs and IC25 values are similar in that they demarcate the concentration at which there is largely 

no toxicity (e.g., at the NOEC or IC25) and the concentration at which toxicity becomes noticeable 

(e.g., at concentrations greater than the NOEC and IC25).  The IC50, which is the point at which 

there is a 50 percent reduction in growth or reproduction compared to the controls, could also be used 
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to evaluate potential aquatic toxicity; however, this endpoint is probably best suited to compare the 

relative chronic toxicity of the products tested.  

Toxicity Ranking 
Given the multiple toxicological endpoints provided in Tables 16 through 21 (e.g., three species, two 

unique ways to express the endpoints, and seven different endpoints), it is difficult to conduct a quick 

scan to identify which deicer has the greatest and which deicer has the least toxicological potential.  

A method was developed using all of the endpoints to rank the toxicity potential of the products 

tested.  Separate rankings were developed for endpoints calculated on a “product mass” basis and on 

a “major salt mass” basis.  Details of the ranking method are provided below: 

� Each product was given a rank from 1 through 8, based upon the value of the toxicological 

endpoint.   

� The product with the largest endpoint (e.g., low toxicity) was given a #1 ranking and the 

products with smaller endpoints (e.g., high toxicity) were given sequentially higher rankings. 

� If two or more products had the same toxicological endpoint value, then an average ranking 

(e.g., rank 4 and 5 for two products with identical endpoints would be given a value of 4.5) 

was applied to both products.  The subsequent ranked product would be given a subsequent 

rank # just as if the two products did not have the same toxicological value (e.g., the product 

after the two 4.5 ranked products would be given rank #6).   

� This procedure was conducted for all seven endpoints and all test species.  Rankings were 

then summed across all of the endpoints and all of the test species to provide a Total Rank 

Number.   

� The product with the smallest Total Rank Number was then given a Relative Toxicological 

Rank of 1. Products with higher Total Rank Numbers were given sequentially higher 

rankings. 

The results of the ranking process are provided in Table 25.  The relative toxicological rank of the 

products was the same whether the toxicity data were expressed as “total product mass” or by “major 

salt mass.”  Ignoring the Beet 55 and the Apogee results, it can be seen that the sodium chloride 

based deicer contains the least potentially toxic salt (see Section 2.0) and it was also the least toxic 

deicer.  Similarly, the deicing product with the most potentially toxic salt, potassium, was most toxic.  

In general, product toxicity ranking by salt was (from most to least toxic): K-acetate > MgCl2 > 
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CaCl2 > NaCl.  However, the test results (see Section 4.0 for a discussion on this) also provide an 

indication that the inhibitor as well as the salt contribute to toxicity.  This is clearly the case for Beet 

55.  Interpretation of a similar study conducted by the Insurance Corporation of British Columbia, 

2000, suggests that the inhibitors in that study were the primary determinant of toxicity potential 

rather than the salt.  It can be concluded that the ranking provided in Table 25 likely applies only to 

these products and that it cannot be assumed that the potential toxicity of a given product will be 

solely a function of the type of salt used in the deicer.   
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5.0  Discussion 

The primary objective of this study was to conduct toxicity tests with deicer products in a controlled 

laboratory setting, using established testing protocols and testing organisms, to develop a ranking of 

toxicity potential of the deicers tested.  This ranking is provided in Table 25.  Toxicological endpoint 

data were also produced as part of this study (Tables 16 through 24).  These endpoint data, when 

considering dilution with snowmelt and receiving water flows or volume, could be used to evaluate 

the potential for toxicity in a receiving water body with product application.  When conducting this 

type of evaluation, several factors would need to be considered such as application rates, length of 

road that contributes runoff to the receiving water body, and site specific climatic factors. 

Some general observations were noted as part of this study.  Even though deicing products have high 

chemical oxygen demand imparted by the corrosion inhibitor, dissolved oxygen did not decline 

during testing as much as was originally anticipated and it does not appear that the oxygen 

concentrations measured as part of the toxicity test would have caused toxicity (see Table 26 and 

Appendix B).  This suggests that inhibitor toxicity is not mediated by dissolved oxygen depletion. 

The exception to this is Beet 55 where dissolved oxygen declined to low and potentially toxic levels 

in the fathead minnow test.  From an interpretation of the toxicity testing results, for each dose tested 

as well as the specific conductance and the estimated salt concentration for each dose, it can be 

concluded that the inhibitor causes toxicity to the test organism that is separate from salt type and 

concentration in the brine-inhibitor mixture.  Regardless, results of the test also suggest that the type 

and mass of salt in a deicer can influence the toxicity potential of a given inhibitor since salts 

considered to be most toxic as pure solutions were also most toxic in inhibitor-salt brine mixtures.  

Product toxicity with respect to the primary salt could be ranked as follows (from most to least 

toxic): K-acetate > MgCl2 > CaCl2 > NaCl.   

For an acute exposure period, fathead minnows and Ceriodaphnia dubia demonstrated largely equal 

sensitivity to deicing products.  However, Ceriodaphnia dubia was more sensitive to chronic 

exposure periods.  Selenastrum capricornutum appeared to be less sensitive than fathead minnow but 

more sensitive than Ceriodaphnia dubia to chronic exposure.  For some products and species, results 

were very similar for acute and chronic exposure periods.  For example, using acute and chronic 

LC50 values for survival as a basis of comparison, exposure to product past the acute exposure 

period did not cause additional toxicity for nearly all the products tested with fathead minnows 

except for Apogee and CF-7.  This was also the case for Ceriodaphnia dubia for about half of the 
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products tested.  Apogee and CF-7 were more chronically toxic than the other products with respect 

to fathead minnows while Beet 55, FreezGard CI Plus, Meltdown Apex, and CF-7 were more 

chronically toxic to Ceriodaphnia dubia. 
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Table 3. Testing conditions for Ceriodaphnia dubia.
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Table 4. Standardized testing conditions for fathead minnow.
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Table 5. Standardized testing conditions for Selenastrum capricornutum.
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!" #$% &' ()$* )' )+ ,

!"#$% -./ -/.- %0.1 2.2 2.2 2.2 2.2 2.2
&'()$* -.1/ 2.2 2.2 /3.* 31.0 2.2 2.2 2.2
,)+ 2.24 2.2 2.2 2.2 2.2 2.2 -.1 /.-
)'#$%5/(/$ -./ 2.2 **.6 2.2 2.2 -%.2 2.2 2.2
&'/#7$% 2.2222%4 2.2 2.2 2.2 2.2 2.2 2.2 2.2

-/.- 4-.% /3.* 31.0 -%.2 -.1 /.-

-""#.�*"($�/0'%1$2'�!$#1&

)' &$* #$% &' )+ !" ,

)')+/ *3.03 -*.* 2 2 2 /*.6 2 2
&'&$* 42.2/ 2 64.% 2 /-.3 2 2 2
!"#$%50(/2 *3.10 2 2 -%.% 2 2 *.3 2
&'()$* -/.3 2 2 2 *.% 2 2 2.2
,/(8$% 4.0- 2 2 2 2 2 2 /.6
&'/#9$*51(/2 /4.%/ 2 2 2 %.3 2 2 2
&'/:;<= %.*3 2 2 2 2.* 2 2 2

!7>9'�/ ?7)+/53(/2 *.-6 2 2 2 2 -.2 2 2

-*.* 64.% -%.% *2.2 /%.6 *.3 /.6

-*.* 64.% -%.% *2.2 /6.% *.3 /.6
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9F�HO7�>9+G7FH�L'H7I�GK7>�9F�HO7�!"#$%&'()*$'�&+,$' �'F>�E'HO7'>�B9FFDL�H7KHK�@BD>7I'H7+P�O'I>�+'QDI'HDIP�
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@(2%1"B#�
CD(E�)@A!2*+

!>�F���������
)G�CH(%.%(+

CD"A((�
)<2IH(/"2+

!"#$"%&%'()*'+'$"*$,*-$-./ JAKL MNO NPOOO QP*RO *PNOO NP*OO QPRNO QFNPOOO NPOOO
!"01%&01 JAKL SOTMN QTM RT* OTR* SOTMN SOTMN SQTM SQTM
!2,3&%4 JAKL OTMN OTQU OT: SOT*N *TR OTR SOTMO SOT*N
5$2%01 JAKL SOTQN SOT: QUT* MN SOTQN SOTQN SOTUM SOTQN
5%+4631%4$"*.7(83&*931$&:*;<=:$(> JAKL UPNOO MFPOOO **POOO *MPOOO UP*OO QPNNO SQ :*OPOOO
5+2+& JAKL *M QR NR MM MOO UOO :O QRT*
-$:1%01 JAKL SOTOF OTOUM SOTOF SOTOF SOTOF SOTOF SOTQR SOTOF
-$"4%01 JAKL *TRO VU QNRPOOO Q*OPOOO FMO QPORO QTUM QMTO
-631%4$"*.7(83&*931$&: JAKL QMPOOO QFOPOOO MRPOOO QO*POOO UOPOOO UMPOOO QMRPOOO VROPOOO
-6"+2%:3 JAKL QFMPOOO QUOPOOO *MOPOOO *MOPOOO UOOPOOO *MOPOOO RMO UOPOOO

-6"+2%&3*;'+'$"*23,%:0$"> JAKL QQ)U+ Q*)U+ MROO)U+ URO)U+ SF)U+ SOT*R)U+ SOT*R)U+ OTUM)U+

-62+1%01 JAKL SOTQ:O OTOF* SOTQ:O SOTQ:O SOTQ:O SOTQ:O SOTURO SOTQ:O
-+?$"' JAKL SOTOMO OT*NO OTQQO OTO:R OTORR SOTOMO OTQN* SOTOMO
-+@@32 JAKL OT*N OTQU OTMN OTNM SOTOQ SOTOQ OTMN OT*N
-($&%:3)*'+'$" JAKL OTQRM OTQOO OTQQM OTQQM SOTONO SOTONO SOTONO SOTONO
A$2:&3,,)*'+'$"*$,*-$-./ JAKL V NOO UROPOOO UNOPOOO N*OPOOO NNOPOOO U NMO
B$8&3,%01 JAKL OTM :O NPOOO QQPNOO VMPOOO QORPOOO S*TNO QQ*
C%4#3" JAKL SOT*O OTRR SOT*O SOT*O SOT*O SOT*O SOT:O SOT*O
C%'2$'3*D*C%'2%'3*$,*C JAKL QQO QUO MR QVR VTR *N MTN RT*
C%'2+83&)*'+'$"*#E3":$6"*$,*C JAKL UM NMOO MOOO UROO ROO UMO SUO SUO
C%'2+83&)*$11+&%$*$,*C JAKL UT* UQ NMOO FRO UO *M QTNN OTN
F6+,@6$'3*$,*F)*.2'6+ JAKL QTQN MTM QRT* SOTQR QV* SOTUM URO NRO
F6+,@6+20,*$,*F)*'+'$" JAKL * UU FR QMTM QRM SOT*R NNO MNO
F+'$,,%01 JAKL *NO QPFOO QFPROO QOPMOO VRO QP**O **OPOOO MO
G+:%01 JAKL QQ*POOO VNPOOO :PMOO QOP*OO QP:RO *PNOO QQ* *RPOOO
G@34%H%4*-+&:04'$&43)*I*J<*+- 'J0"$KHJ UMOPOOO UOOPOOO NOOPOOO UMOPOOO U*OPOOO UMOPOOO NROPOOO QQMPOOO
K%&4 JAKL SOT*R UT: VTO QTFR QTMN SOT*R SOTMR SOT*R
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2. Temperature (0C): 25 ± 1 0C.  Test temperatures must not deviate (i.e., maximum minus minimum temperature) by more than 3 0C during the test.
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