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•THERE ARE a number of chemicals that might be used for deicing. About the only 
requirements are that the substance be soluble in and lower the freezing point of water. 
Some chemicals have an additional advantage for deicing by giving off heat as they go 
into solution. 

Chemical deicers may range from urea to rock salt. Cost is a big factor in the se
lecting of a deicer and this alone points to an overwhelming use of salt. However, the 
chemical used must be compatible with its intended objective. As an example, for 
"gas line freeze" the chemical must be soluble in both gasoline and water and not im
pair engine operation. 

STREETS AND illGHWAYS 

In 1965, the U.S. use of rock salt for road deicing was estimated at 4 million tons 
or twice the amount used in 1960. The total 1965 salt consumption in the U.S. for all 
purposes was estimated at 34. 7 million tons compared with about 26 million tons in 
1960 (1). 

The use of rock salt and calcium chloride in Wisconsin for winter road maintenance 
dates back about 20 years. At first they were used, mainly mixed at a rate of 75 to 
100 lb/ cu yd of sand, to prevent freezing and increase abrasion. The treated sand was 
applied generally on hills, curves and intersections. For a number of years there has 
been a shift toward direct application of chemicals. Calcium chloride can substantially 
lower the freezing point more than salt and in addition heat is evolved as it goes into 
soiution. From a practical standpoint, rock salt ioses its effectiveness around 20 F 
and with lower temperatures the proportion of calcium chloride must be increased. 
Generally, use of chlorides is restricted to above zero weather. 

The Wisconsin Highway Commission, starting in the winter of 1956 and 1957, began 
a ''bare pavement" program of winter highway maintenance with full-scale use of chlo
rides. Most of the chloride now used is rock salt. Generally the amount of calcium 
chloride used on state highways is less than 5 percent of the total chemical applied. 
About 90 percent of the chlorides are now used "straight" and not mixed with sand. 

Table 1 is a summary of the amount of chlorides purchased by the State of Wisconsin 
for use on its trunk highways beginning wiL'l L'ie 1955-56 season(~ ~). \\7hile it is dif
ficult to make yearly comparisons because of different snowfall and freezing rain pat
terns, it appears that Wisconsin's use of chlorides is trending upwards. 

A previous report (4) shows that state trunk highways in Milwaukee County received 
by far the most chlorides and have the highest application rates per mile. During the 
winter of 1964-65 chloride use in that county reached an all-time high of 77,012 tons. 
Of this, the state's use amounted to 18, 536 tons, -the City of Milwaukee applied 33, 104 
tons, other municipalities used 21, 670 tons and the county ll;Sed 3, 702 tons. 

Among the other counties in Wisconsin using the largest amounts and having the 
highest rates of application are Kenosha, Racine, Waukesha and Rock Counties, all of 
which are located in the southeastern section of the state. Not only is this area more 

Paper sponsored by Committee on Snow and Ice Control and presented at the 46th Annual Meeting. 

22 



23 

TABLE l 

CHLORIDE PURCHASES (TONS) FOR DEICING 
WISCONSIN STATE HIGHWAYS 

Winter Sodium Chloride Calcium Chloride Total 
Avg, Tons 
per Mile 

1955-56 5,797 1,344 7,141 0,6 
1956-57 23,740 1,091 24,831 2,3 
1957-58 45, 111 3,055 48,166 4.4 
1958-59 57,888 2,222 60,110 5.9 
1959-60 87,845 1,720 89,565 9,0 
1960-61 54,857 1,128 55, 985 5.5 
1961-62 108,815 1,948 110,763 10.9 
1962-63 78,038 2,012 80,050 7,9 
1963-64 79,852 2, 182 82,034 8.1 
1964-65 149,330 2, 196 151, 526 15.0 
1965-66 111,634 3, 130 114,764 11. 4 

populated but it contains m_ore multilane highways where the amounts and rates would 
necessarily be higher. Although chloride usage was determined in 2 counties, it is 
difficult to determine the state, county, municipal and town applications for all of 
Wisconsin's 72 counties. However, as an estimate, the total amount of chlorides ap
plied to all roads in Wisconsin is somewhere in the vicinity of twice that used on the 
state trunk highways. 

CHLORIDES-GENERAL 

The two chemical agents applied to highways for ice removal are rock salt and cal
cium chloride. Although they are used in relatively unrefined states, rock salt is 94 
to 97 percent sodium chloride. The latter, NaCl, is 39. 3 percent sodium and 60. 7 
percent chloride while calcium chloride, as such, contains 36. 1 percent calcium and 
63. 9 percent chloride. The ASTM specification followed requires a minimum of 94 
percent CaCh in the material used for deicing. Cost of the commercial grades used 
on highways has been about $10 per ton for rock salt delivered and $47 per ton for cal
cium chloride delivered in bag lots. In these times of rising prices it is interesting 
to note that the cost of rock salt is down 20-25 percent since 1960. The price of cal
cium chloride is also less now than it was in 1960, and it may be possible that bulk 
rather than bag shipments will result in further economies. 

Chlorine is one of the approximately 100 elements. In its elemental state, it is an 
active gas and as such is never found free in nature. Chlorides are chemical combi
nations of chlorine with another element or radical. The earth's crust averages about 
0.15 percent chloride and sea water contains approximately 1. 9 percent. Extensive 
deposits of chlorides are scattered about the continents, but the element is ubiquitous 
with essential concentrations being maintained by precipitation. Annual additions from 
this source may range from hundreds of pounds per acre in coastal areas to 10 pounds 
per acre at locations far inland. Chlorides are important in physiological processes 
and recognized as a vital micronutrient for plant life. 

The Mohr method (5), in which the sample is titrated with silver nitrate to the chro
mate endpoint, is commonly used for chloride analyses of waters and wastes. This 
determination is relatively accurate and rapid. The minimum level of detection by this 
method is about 0. 5 to 1 milligram per liter. The expression shows the weight in a unit 
volume of solution and is frequently abbreviated mg/1. Sometimes chloride results are 
expressed in parts per million (ppm) which is a weight per unit weight relationship. 
Results on a sample with a density equal to that of water will yield the same numerical 
value in mg/1 or ppm. Occasionally these terms are used interchangeably. 

The California Water Quality Control Board's publication, "Water Quality Criteria," 
indicates the following chloride concentrations as not being harmful for the specified 
beneficial uses: domestic water supply, 250 mg/1; industrial water supply, 50 mg/1; 
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irrigation, 100 mg/1; for stock and wildlife, 1500 mg/1 (6). Several references are 
cited concerning harmful levels of chloride to fish life varying from a low figure of 
400 mg/1 for trout found by one investigator to a range of 8100 to 10, 500 mg/1 for small 
bluegills reported in another study. A considerable variation in critical chloride levels 
might be expected depending on the kind of fish involved as well as the entire chemical 
makeup of the water when a given species is considered. Some fish are anadromous 
and during their life cycle are subjected to drastic changes of chloride from about 
19,000 ppm in the oceans to near nil in fresh water streams. 

Where a better public water supply is available the Public Health Service (PHS) in
dicates an upper limiting chloride concentration of 250 mg/1 (7). Waters with 2000 
mg/1 of chloride have been used for domestic purposes without adverse effects once the 
human system adjusted to these waters (8). It should be pointed out that the PHS con
siders physical characteristics in addition to those qualities directly affecting health. 
Restrictions on the chloride content of drinking water are generally based on taste 
rather than health. However, excessive chlorides may be harmful to some people with 
diseases of the hear t or kidneys (6). 

Chlorides have been implicated in the corrosion of metals including stainless steels. 
After a 2-yr study, the Ohio River Valley Water Sanitation Commission recommended 
that the chloride concentration of the main stem never exceed a monthly average of 
125 mg/1 based on the minimum monthly average 10-yr flow and that the maximum con
centration never exceed 250 mg/1. Health aspects were not involved in proposing these 
limits but rather corrosive damage to industrial structures was the primary concern. 
An industry spokesman indicated that increasing the salinity average above the then 
40 to 50 mg/1 or lengthening the periods of hit;h salinity would increase corrosion of 
all metals used in the water handling system (9). 

In 1952, Mackenthun (10) reported on a review of the literature concerning materials 
affecting biological life instreams and sewage treatment processes. References were 
cited for sodium chloride solutions indicating that a concentration of 2500 ppm in stan
dardized dilution water was the minimum lethal value for minnows; that a level of 3680 
ppm in Lake Erie water for a 64-hr period caused a 50 percent immobilization to Daph
nia and that 50,000 ppm in sludge retarded or inhibited digestion at treatment plants. 
A 2775-ppm concentration of calcium chloride in distilled water was lethal to minnows 
over a 2 to 4-day period and was the lowest level of the three shown. The tolerance of 
Daphnia was tested under the same conditions as those reported for sodium chloride; 
however, the critical level found for calcium chloride was 920 ppm. Personnel of 
Madison's Health Department added sodium chloride to Lake Mendota waters. Four 
goldfish placed in these waters, having a chloride concentration of 1200 mg/1, were 
not noticeably affected during a 24-day test period (11). 

In nature there may be adaptations to high chloride concentrations by fish and other 
aquatic life or other constituents in the water might mitigate conditions. The previous 
references were based on laboratory studies but what about findings in situ? Large 
amounts of chlorides discharged by industrial plants have resulted in fish kills in the 
Werra River, Germany (12). Tolerance to chlorides was greater at low temperatures 
with fish kills occurring in the winter when the salt content exceeded 12,000 mg/1. In 
the saline stretches immediately below discharges, insect larvae disappeared and there 
was a reduction of other fish food organisms. A year-round study of biological con
ditions in a brine-polluted stream was reported (13). Chloride concentrations ranged 
from 20, 000 mg/1 in the headwaters to 100 mg/1 in the lower section. The 34 species 
of organisms found in the stream throughout the year were classified according to chlo
ride tolerance. The greatest difference in stream life was the absence of fish life where 
chloride exceeded 1000 mg/1. However, this was in the upper section where water depth 
may have restricted the habitat. 

Calcium and sodium in their elemental states are whitish, reactive metals but are 
always combined in nature. The earth's crust contains 3. 6 percent calcium and 2. 6 
percent sodium, and these rank fifth and sixth, respectively, in the earth's elemental 
composition. 

Calcium is vital to life and its compounds are widely and usually abundantly spread 
over the earth's surface. In its natural forms it is unlikely that harmful quantities of 
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calcium would be ingested. The main objections to calcium in domestic water supplies 
are hardness and the foulit)g of utensil and hot water heater surfaces . One part of cal
cium is equivalent to 2½ parts of hardness. Sodium compounds are generally very 
soluble in water. The element is necessary for life but nearly all of sodium-related 
problems occur because of excessive amounts rather than deficiencies. 

Salt is one of our commonest chemicals and we are all familiar with its use in the 
preparation and seasoning of foods. About 80 percent of the soluble solids in ocean 
water is sodium chloride. The sodium and chloride contents of sea water are approxi
mately 10, 560 and 18, 980 ppm, respectively. In addition to its occurrence as dissolved 
material in oceans, seas and salt lakes, it is found in beds of rock salt which are mined. 

Calcium chloride is a deliquescent substance with an affinity for water. As such, 
the chemical is used on dirt roads to allay dust and also as a dessicant and dehumidi
fying agent. It is quite soluble in water and natural deposits are not common, but 
rather it is chiefly a by-product of the chemical industry and is also extracted from 
natural brines. 

The solubility of sodium chloride is 35. 7 parts per 100 parts of water at a tempera
ture of 32 F compared with calcium chloride's solubility of 59. 5 parts under the same 
conditions. In aqueous solution these chemicals ionize and lower the liquid's freezing 
point. The sodium chloride molecule ionizes to form a sodium ion and a chloride ion 
while the calcium chloride molecule forms a calcium ion and two chloride ions. A so
lution of the latter would, therefore, be expected to have a lower freezing point. The 
eutectic temperature or the minimum freezing point for a solution of sodium chloride 
is -6 F compared with a eutectic temperature of -67 F for a calcium chloride solution. 
When most chemicals dissolve, heat may be either given off or taken up during the 
pl'ocess . Sodium chloride has a heat of solution of -1. 18 kilo-calories per gram mole 
compared with calcium chloride's value of 3. 01 kilo-cal0ries per gram mole (14) . In 
effect this indicates that when sodium chloride dissolves it requires about 36 Btu (Brit
ish thermal units) per pound while calcium chloride liberates about 49 Btu per pound 
when it goes into solution. 

Soils have negative electrical charges on their surfaces and adsorb positively charged 
ions (cations) including those of calcium, magnesium, hydrogen, ammonium, potas
sium and sodium. Although in a sense the adsorbed cations are chemically combined 
with the soil particles, they may be replaced or exchanged _by other cations. Each soil 
has a definite capacity to adsorb cations. Sodium ions are not as tightly held as some 
of the others but a concentrated sodium solution can replace some of the other cations 
adsorbed on the soil. When about 15 percent or more of a soil's exchange capacity is 
made of sodium ions, an alkali soil develops. The soil then loses its natural charac
teristics and productivity is impaired. Excessive ions in the soil solution other than 
sodium may affect plant growth by interfering with water uptake. The latter is re -
ferred to as a saline soil condition. 

The chloride ion has a negative charge and it is not attracted by the soil adsorption 
sites, nor are chloride ions precipitated by soil reactions. Consequently, we would 
expect chloride ions to move en masse with the groundwater although there may be a 
substantial change in the makeup of the accompanying cations. 

Calcium chloride is used to a certain extent in Wisconsin to minimize road dust 
problems. Not enough information was available to arrive at a figure for the amount 
used, but it appears to be less than the calcium chloride involved in deicing. Rock 
salt also might be mixed with the calcium chloride for dust control. Still another road 
use of these chlorides is as roadbed stabilizers, but this practice is presently infre
quent in Wisconsin. Dust control enta-Us an application of about 1 to 2 lb/sq yd (6 to 12 
tons/mi for about a 20-ft wide road). Roadbed stabilization requirements are about the 
same per inch of compacted depth-a 6-in. compacted depth on an approximately 20-ft 
wide road would require 36 to 72 tons/mi. 

CHLORIDES-WATER SUPPLIES 

Indicating the concentrations that are naturally present in waters and showing other 
sources of chlorides will help put them in better perspective. 
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TABLE 2 

WISCONSIN PUBLIC WATER SUPPLIES 

Chloride 
(mg/1) 

No. of 
Supplies 

Chloride 
(mg/1) 

51-100 
131 
141 
154 

No. of 
Supplies 

14 
1 
1 
1 

Public water supplies in Wisconsin 
generally have low chlorides. Tabulated 
data for 471 separate sources revealed an 
arithmetic average chloride concentration 
of 12. 6 mg/I. The median value was 7 
mg/I with 248' sources having 7 mg/I or 
less and 223 supplies having 8 mg/I or 
more. Nearly two-thirds or 309 had a 
concentration of 10 mg/I or less (15). 

High chloride content may be found in 
some areas, particularly in deeper wells 
in the northern and southwestern Wiscon

sin mining areas and in the eastern part of the state (16). 

0-10 
11-20 
21-30 
31-40 
41-50 

309 
102 

23 
10 
10 

Ryling's report on saline waters in the bedrock aquifers of eastern Wisconsin indi
cates that in 97. 9 percent of the area mapped the chloride concentration was 0 to 100 
mg/I; 1. 6 percent of the section had concentrations of 101 to 200 mg/I; 0. 1 percent of 
the section surveyed ranged from 201 to 250 mg/I; and 0. 4 percent of the area had con
centrations in excess of 250 mg/I (17). A sample of mine pumpage at Hurley from the 
32nd and 34th levels, about one milebelow the ground surface, was found to contain 
19, 500 mg/1 of chloride. 

CHLORIDES-SEWAGE AND WASTES 

The chloride content of sewage remains substantially unaltered as wastes flow 
through the treatment processes. Nearly all municipal sewage treatment plants dis
charge to surface waters, and sizeable chloride increases can occur where little dilu
tion is available. Chloride is not altered or significantly taken up in surface waters 
either so that other chloride sources only add to the total amount in the stream. 

Body wastes, particularly ur ine, contain chloride in an amount similar to that in
gested in the food and liquid intake. The excreta averages about 6 grams of chloride 
per person daily and adds a concentration of about 15 mg/1 to the total sewage flow (8). 
The chloride contained in sewage from residential areas contains about 50 mg/1 of -
chloride (18). The difference is probably because of other household sources of chlo
ride as well as that in the water supply initially. 

Sizeable quantities of salt used for household water softening in municipally sewered 
areas eventually discharge to a surface water. During softener regeneration the so
dium ions of the concentrated salt solution displace the calcium and magnesium ions, 
the hardness contributors, from the ion exchange bed. Under operational conditions 
the calcium and magnesium ions in the water supply displace the sodium ions from the 
exchange median. Madison, Wisconsin has a water hardness of around 300 mg/1 (17 
to 18 grains/gal). Softening of the household hot water supply involves use of.about 50 
to 60 lb of salt per person per year. This can easily raise the average chloride con
centration in wastes from these homes by 100 mg/I. 

A composite sample of t'1e effluent from Yvf..adison's Nine-Springs se\11age treatment 
plant in April 1965, had a chloride content of 287 mg/I. This represented about 46 
tons per day of salt. Madison's chloride discharge is high, but one industry accounts 
for one-third to one-half of the total. Madison's wells, which provide the municipal 
water supply, do not have high amounts of chloride. In late 1960 and early 1961, 
chemical analyses were made of 18 Madison municipal wells. Five of the wells had no 
detectible chloride and only three had a concentration of more than 5 mg/I. The maxi
mum concentration found in the municipal wells was 26. 5 mg/1 and the average for all 
the wells was 5. 9 mg/I. 

Sodium chloride is used in the preparation and preservation of foods. Typical chlo
ride values found in some food processing wastes follow: meat packing, 1000 mg/1; 
cheese making, 400 mg/1; and pickle and kraut canning, 2000 to 3000 mg/I. A sample 
from a spent cucumber brine tank had 100, 000 mg/1 of chloride associated with a BOD 
of 15, 500 mg/1. 
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RUNOFF AND SURFACE WATER SAMPLING 

In 1956-57, sampling stations were set up in the vicinity of Chippewa Falls, Wis
consin Rapids, Green Bay and Madison, Wisconsin to study the runoff from chloride
treated highways. In the Chippewa Falls area, samples of road runoff with chloride 
concentrations of up to 10,250 mg/1 were found, although the maximum concentration 
found in the surface water was 45. 5 mg/1. Summer samples of road runoff had chlo
ride concentrations ranging up to 16 mg/1, while at the same time, the streams had 
concentrations of 0. 5 to 2 mg/1. During the winter of 1959, samples from Beaver 
Dam Lake at Cumberland in Barron County suggested a density stratification of chlo
rides with depth. Near the surface the chloride concentration was 8 mg/1 and this in
creased to 33 mg/1 near the lake bottom at a depth of 15 ft below the surface. 

Since 1957, with one exception, samples from the Suamico River and Duck Creek 
tributaries near Green Bay receiving roadside runoff had chloride concentrations of 
less than 50 mg/1. In January 1965, the Duck Creek tributary below State Trunk High
way 54 in the Town of Hobart had a chloride concentration of 255 mg/1. Stream samples 
from Mosquito and Mill Creeks, north of Wisconsin Rapids, did not indicate unusual 
chloride increases during periods of runoff. 

In the Madison area, samples were taken of street runoff at various locations and 
also of Lake Wingra and Murphy Creek which connects Lake Wingra to Lake Monona. 
The maximum chloride concentration found in runoff was 3275 mg/1 but, as with the 
other high values, was associated with little. snow melt and flow. Street runoff reaches 
Murphy Creek at several points along its 2½-mi length. The maximum chloride con
centration found in this stream was 165 mg/1. BOD and suspended soils determi
nations were also made on some of the runoff samples. As might be expected, a con
siderable amount of sand and silt is washed off the streets. The maximum suspended 
solids concentration found was 3852 mg/1. Of the approximately one dozen BOD 
determinations of street runoff, most were in the range of 20 to 30 mg/1, although 
three were about 100 mg/1. Samples of melt from a large snow pile along Lake Monoma 
showed chloride concentrations of 77. 5 and 1130 mg/1. A sample of runoff from another 
snow pile had a chloride content of 285 mg/1. 

Lake Wingra, located at Madison, is a spring-fed lake with a surface area of O. 5 sq 
mi. The lake, however, receives runoff from nearby streets. During the winter of 
1959, the chloride content of the lake increased to 18 mg/1 on March 19. In late July 
1959, the lake was sampled at four stations lengthwise of the lake at both the 0. 2 and 
0. 8 depths. The chlorine content of these samples ranged from 9 to 11 mg/I indicat
ing it was fairly well dispersed and decreasing. In the spring and summer of 1965, 
the Lake Wingra outlet was sampled on three occasions with concentrations of 43, 41 
and 40. 5 mg/I being found on May 21, June 9 and July 1, respectively. 

In early 1962, the Madison City Council requested their Rivers and Lakes Commis
sion to make a study regarding the effects on the Madison lakes of the chemicals used 
for deicing roads. The Commission made an intensive study that spring and reported 
to the Council in June. Their data showed, that since the 1940-47 period, there had 
been a rise in chloride concentrations in Lakes Mendota, Wingra and Monona, but a 
decrease was found in Lakes Waubesa and Kegonsa. Comparisons of concentrations 
found in the lakes in the spring of 1962, with those of 1940-47, are given in Table 3. 

TABLE 3 

MADISON LAKES CHLORIDE CONCENTRATIONS (mg/1) 

Lake 1940-47 Range, 1962 Range, 
Yearly Average Individual Samples 

Mendota 2-3 5-10 
Wingra 4-5 6-14 
Monona 6-12 13-15 
Kegonsa 29-38 10 
Waubesa 34-57 14 
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The lower concentration in Lakes Waubesa and Kegonsa resulted from diversion of 
Madison's treatment plant effluent around the lower lakes beginning in December 1958. 
Their conclusions indicated that, although the use of chemicals had raised the chloride 
concentrations in the upper Madison lakes, it was not felt that these values were detri
mental to aquatic life (11). 

It is interesting to compare the findings on Lake Wingra over the years. During 
1940-47, about 10 samples wer e tal<en yearly. Chloride values ranged between 2 and 
17 mg/1 but the annual averages were near ly uniform with a value of either 4 or 5 being 
reported for each of the 8 years. Although the chloride level currently in Lake Wingra 
is apparently not significant insofar as water uses are concerned, it represents a quad
rupling since 1959, and an eightfold increase since the 1940-47 series of samples. In 
1965, a sample was obtained from a s pring dischar ging to the west side of Lake Wingr a 
and it contained a chloride concentration of 18. 5 mg/1. This indicates chloride is now 
getting into the lake from a shallow aquifer in addition to drainage from streets. 

Surface water samples are generally taken once a month at 37 locations about the 
state as part of Wisconsin's stream monitoring program. Review of the data, for the 
years 1961-64 (19), shows several significant features and trends. During the period 
the average annual chloride concentration increased each year at 18 of the 37 stations. 
The 1964 data show that 11 of the 12 stations near the east and south perimeter of the 
state from Green Bay to Beloit had average chloride concentrations of more than 10 
mg/1. In contrast, only 2 of the 25 other stations had averages of more than 10 mg/1. 
One of these stations, the Wisconsin River near Necedah, had an average 1964 chloride 
concent ration of 11. 3 mg/1 and the other, the Montreal River near Saxon, aver aged 
55. 6 mg/1. For the 1961 -64 period the latter station, which was receiving mine pump
age, exhibited the highest over-all chloride content. Mining in the Hurley area ceased 
early in 1965. Since that time, there has been a substantial decrease in the Montreal 
River's chloride concentration. 

The highest chloride value found in a surface water was 370 mg/1. This was in the 
Milwaukee River north of Milwaukee at Brown Deer Road on March 6, 1963. Further 
chemical determinations on the sample indicate that a "slug" of calcium chloride was 
involved. The next highest chloride value found at this station during the 4-yr period 
was 46. 5 mg/1. Consideration was given to correlating chloride concentrations with 
stream runoff. There has been a general decrease in runoff rates from 1961-64. How
ever, conflicting factors interfere with interpreting the results. At lower runoff rates 
there is less dilution water available and, therefore, higher concentrations would be 
expected but lower runoff rates from the roads would indicate less chlorides are being 
flushed into streams. 

RELATED PROBLEMS 

A few years ago well pollution problems by chlorides were reported in Michigan. 
Runoff from chemically treated roads and seepage from uncovered salt and salt- sand 
stockpiles were involved (20). New items were also noted concerning pollution of 
water supplies in some eastern states by chlorides. Inquiry was made of New Hamp
shire officials regarding the problem in their state. They supplied a comprehensive 
report (21). 

The State of New Hampshire has been using chlorides for winter highway maintenance 
since the mid-1940's, and up to now have used more than one million tons on approxi
mately 3800 miles of roads. In 1953, four water supplies that had been adversely af
fected by chlorides were replaced with new wells. Since that time, increasing numbers 
of replacements have been made yearly with 37 being provided in 1964. Most of the 
well pollution problems have been of shallow-dug wells within 100 feet of a chloride 
source. The normal chloride content of New Hampshire groundwaters is less than 
10 mg/1 which simplifies tracing of chlorides. Occas ionally affected wells in that state 
revealed chloride contents of up to 3500 to 3800 mg/1. Over 90 percent of the replace
ment wells were of drilled construction and produced a satisfactory supply. A calcu
lation shows that the average chloride application rate in New Hampshire for the past 
20 years was somewhat over 13 tons/mi. Last winter's application rate was about 31 
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tons/mi. Their over-all application rate is substantially higher than that applied to 
Wisconsin state highways. A news clipping (22) indicated that 200 wells in New Hamp
shire had been involved and the cost to the state of replacing them amounted to more 
than $ 200, 000. Another news item (23) indicated that the State of Massachusetts used 
about 100, 000 tons of salt during the winter of 1964-65, but did not reveal the amount 
of miles involved. Groundwaters there near some highways were reported to have 
chloride concentrations approaching the limit of 250 mg/1. 

From the standpoint of well pollution problems, Wisconsin is in a better position 
than New Hampshire. First of all, our chloride usage has not been as high and sec
ond, but of more importance, is the adoption and enforcement of Wisconsin's Well 
Construction Code which reduces the danger from surface pollution. Other factors in 
our favor would include public water supplies serving many of our suburban areas and 
small villages and probably a further set-back of homes from highways in Wisconsin. 

The use of chlorides in Wisconsin is not without hazard to well water supplies. In 
1960, a group of five wells were affected by leaching from a sand-salt stockpile. The 
area involved is underlain with limestone, and groundwaters used for supplies nor
mally have less than 12 mg/1 of chloride. Table 4 is a summary of the conditions and 
findings (24). 

In 1965, a new well was constructed near a salt-sand stockpile in the southeast part 
of Wisconsin. Initially, 75 ft of casing was placed in the well, but the water was too 
salty to drink. A liner was placed in the well to 110 ft and then the water reportedly 
became potable (25). A high chloride sample was recently investigated and traced to a 
defective water softener. The well was satisfactory but there was a chloride content 
of 2090 mg/1 in water from the softener (26). 

In addition to shallow-dug wells, it would appear that driven point supplies located 
in previous sand and gravel areas would be susceptible to chloride pollution from high
ways. Surface water runoff rates would tend to be higher during cold weather with 
frozen soil and little vegetation. Under such conditions more chlorides would reach 
surface waters and less seep into groundwaters. Where storm sewers are available, 
practically all the street runoff discharges directly to surface waters. 

During the winter of 1958-59, wildlife mortalities occurred in Wisconsin which were 
attributed to salt poisoning from the sodium chloride used for deicing highways (27). 
In a 40-mi radius of Madison, salt poisoning was diagnosed in wild rabbits, pheasants, 
a quail and a pigeon. Additional reports were received of similar cases, mostly in 
rabbits. The gizzard contents of the affected quail were blue-stained from insoluble 
ferric ferrocyanide used with the salt. However, this additive was not implicated. 
The symptoms were produced experimentally by single doses of 3 grams of sodium 
chloride to adult pheasants and rabbits weighing from 1100 to 1400 grams each. This 
dosage usually produced death within 24 hr in the test specimens, particularly when 
water intake was limited, and the test specimens showed similar disorders as those in 
naturally occurring cases. It was believed that the heavy snows and cold weather of 
that winter accentuated the problem by creating "salt hunger" and restricting water 
intake. 

TABLE 4 

POLLUTION OF WELLS FROM A SAND-SALT STOCKPILE 

Well Type 

A 6-in. drilled 
B 4-in. drilled 
C Drilled 
D Dug 
E 6-in. drilled 

Casing Depth 

42 ft 
30 ft 
? 

To rock 
50 ft 

Distance From Well Chloride 
Salt-Sand Pile (ft) (mg/1) 

40 1345 
200 172 
300 18. 5 
400 24 
600 186 
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ADDITIVES 

Various substances may be added to rock salt and calcium chloride to prevent cak
ing, inhibit corrosion and for marking. The chlorides used for deicing are compara
tively innocuous but what about the additives? 

Previously mentioned in this report was the additive ferric ferrocyanide, or Prus
sian blue, Fe4 [ Fe(CN)oJs, which was not considered involved in the wildlife mortali
ties. In 1959, rock salt thus treated was added to water to obtain an over-all concen
tration of 9600 mg/1 of the commercial grade deicer. Blunt-nosed minnows did not 
appear to be affected at this concentration during a 48-hr test period. Ferric ferrocya
nide is insoluble in water and does not release cyanide upon acidification. Prussian 
blue, or Berlin blue as it is sometimes called, is used as a laundry bluing agent. At 
one time, it was used as a tonic in doses of 3 to 5 grains (0. 20 to 0. 32 grams), re
peated several times daily (28). 

Another ferrocyanide, that of sodium, is sometimes added to rock salt as an anti
caking agent to prevent the crystals from sticking or freezing together. Sodium fer
rocyanide's common name is Yellow Prussiate of Soda and its chemical formula is 
N~Fe(CN}e·lOH2O. It is soluble in water, but little other information appears to be 
available regarding properties we are interested in. However, a sodium compound 
will often react similar to its potassium counterpart. Potassium ferrocyanide, or 
Yellow Prussiate of Potash, is also soluble in water. Insofar as ingestion is con
cerned, potassium ferrocyanide is practically non-toxic; but where the stomach is 
highly acidic, enough cyanogen may be split off to exert a posionous effect (28). Al
though reports indicate that 2000 mg/1 of potassium ferrocyanide is not toxicto fish, 
extensive mortalities have occurred where the initial concentration was only 1 to 2 
mg/1 because of photo-decomposition and release of cyanide (29). 

Tests were conducted at the State Laboratory of Hygiene todetermine if sodium 
ferrocyanide would also release cyanide. A solution of sodium ferrocyanide, initially 
containing 15. 5 mg/1, after %-llr exposure in sunlight contained app1·oximately 3. 8 
mg/1 of cya.nide; this concentration remained fair ly constant on subsequent checks. 
There was some deterioration of a similar sodium ferrocyanide solution not so exposed 
but the reaction appears to be triggered by sunlight (30). 

Cyanide has been shown to be toxic to fish life in concentrations of 0. 1 to 0. 3 
mg/1 (6). The presence of cyanide in a concentration exceeding 0. 2 mg/1 constitutes 
reason-for rejection of a water s upply (7). If sodium ferrocyanide were used as an 
additive at a rate of 2 lb/ton of salt, and assuming that the amount oi cyanide released 
is equal to about one-fourth the additive's concentration, an 800-mg/l concentration 
of rock-salt deicer would present a hazard to fish life and water supplies because of 
the accompanying cyanide. This is equivalent to about 500 mg/1 of chloride, a value 
which is frequently exceeded in road runoff but to our knowledge has not been exceeded 
in surface waters even where little dilution was available. An estimated one-half to 
two-thirds of the rock salt used in Wisconsin for deicing is treated to prevent caking. 

In Michigan, during the winter of 1955-56, a chromium base rust inhibitor was added 
to calciun1 chloride for use on roads. Forb.1nately the hazard was recognized and the 
practice promptly discontinued. Chromium-containing ions may move readily through 
the soil and sometimes are involved in well pollution problems (20). Hexavalent chro
mium in concentrations exceeding 0. 05 mg/1 constitutes groundsf or rejection of a 
water supply (7). 

For the past 15 years, Calgon, Inc., has been marketing a corrosion inhibitor, 
Banox, for mixing with salt. The additive is sodium hexametaphosphate and cost of 
the inhibitor adds from $3. 00 to $4. 50 per ton of salt. About 2 years ago, Cargill, 
Inc., came out with an additive, Carguard, said to contain agents providing an electri
cal and physical barrier to corrosion. The material is mixed at the mine and its cost 
adds an extra $4. 00 to the salt's base price (31, 32). Carguard contains sodium chro
mate, a hexavalent form of chromium. A concentration of 0. 4 percent of sodium chro
mate in salt will result in a chromium to chloride ratio of 0. 002; a hexavalent chro
mium concentration of 0. 05 mg/1 would be reached at a chloride content of 25 mg/1. 
A water supply influenced by runoff or seepage from chromate-treated salt would be 
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adversely affected by the chromium long before the chloride became a problem. So
dium hexametaphosphate, which is the effective agent used in Banox, can act as a nu
trient. Use of this additive with salt at a rate of 1 percent will result in runoff con
taining about 1 part of phosphorus per 200 parts of chloride. 

NITROGEN AND PHOSPHORUS DEICERS 

Several nitrogen and phosphorus compounds have been and are being promoted as 
deicers. This is unfortunate from the standpoint of future surface water quality. Ni
trogen and phosphorus are key nutrients and over-fertilization with these can result 
in excessive amounts of algae, rooted aquatic plants and other nuisance conditions. 
Sawyer and associates (33 ), after a study of southeastern Wisconsin lakes, indicated 
that frequent nuisance algae blooms would develop in lakes where the average annual 
concentrations of inorganic nitrogen and phosphorus exceeded 0. 3 and 0 . 015 mg/1, 
respectively. 

A noncorrosive mixture, CD-110(64), for the chemical removal of ice and snow at 
airports has been patented. Its patent indicates 22-29 percent urea, 71-78 percent 
ammonium nitrate and up to 2 percent of various sodium phosphates. Another formula
tion for runway deicing consists of 75 percent tripotassium phosphate and 25 percent 
formamide. The potential market for a runway deicer is estimated in tens of millions 
of pounds per year (34). 

During the past few years an increasing number of stores have been noted handling 
chemical deicers. These are generally packaged in small plastic bags and are being 
promoted for use on sidewalks and driveways. Typically, the deicer formulation is 
not shown. The majority probably are calcium chloride but some of them are am -
monium sulfate, some contain ammonium nitrate and one contains potassium pyro
phosphate plus formamide. Warnings concerning damage to concrete surfaces by the 
aforementioned ammonium compounds have been issued by the Portland Cement As
sociation and others (35, 36, 37). The extent of their use was not determined; how
ever, with the increasing number of retail outlets marketing deicers this source of 
nutrients could become significant in a short time. Ammonium nitrate and ammonium 
sulfate contain 3 5 percent and 21 percent, respectively, of inorganic nitrogen. 

OTHER DEICERS 

Brief mention will be made of other deicers for more or less specialized uses. 
Their cost would probably prohibit extensive use. Some of the alcohols are used with 
gasoline to absorb water and melt ice. These and also ethylene glycol are sometimes 
used on small surfaces such as windows and windshields to clear ice. The quantities 
reaching surface waters now are probably insignificant. If substantial amounts were 
involved it is likely that the water's dissolved oxygen would be reduced and fish life 
jeopardized. 

Ethylene glycol, methanol, ethanol and isopropyl alcohol have increasing biochemi
cal oxygen demands (BOD's) increasing from 70 to 133 percent of the substances weight 
compared with 9 percent for urea (38). In sharp contrast, untreated sewage has a BOD 
of about O. 02 percent. Why might the BOD of a deicer be significant? A normal sur
face water has a dissolved oxygen content of up to 14 ppm or mg/1. One pound of a 
material with a BOD of 100 percent can utilize all the dissolved oxygen in about 70, 000 
lb of water. Fish and other forms of aquatic life require oxygen to live and propagate. 
Dissolved oxygen concentrations of less than 5 mg/1 can interfere with fish propagation 
and with less than 3 mg/1 fish may suffocate. 
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Addendum 
CORROSION 

The Bell and Chicago Telephone Companies reported corrosive failures of under
ground cables and transformers near where deicing salts were used. The National 
Association of Corrosion Engineers studied the chloride content of manhole waters in 
Buffalo, New York. A series of 7 samplings over a 3½-yr period were made at 25 
locations. Of the 175 samples, 74 had chloride concentrations of more than 1000 mg/1. 
In 1965, the Milwaukee Water Engineering Division checked the chloride content of 
groundwaters near buried water mains. April and July chloride averages were 225 
and 170 mg/1 near streets that had been routinely deiced with salt compared with 10 
mg/1 in untreated areas. Concern was expressed about corrosive damage to water 
pipes and the substantial shortening of their useful life (38). 
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