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To the Honorable Senate and House of Representatives:

GENTLEMEN: The Legislative Research Council submits
herewith a report prepared by the Legislative Research Bureau
relative to the use and effects of highway de-icing chlorides on the
basis of House Order, No. 3310 of 1964. Under the provisions of
that Order, the Council is directed to give “special reference to
the effect” of the use of calcium chloride and sodium chloride on
(a) vegetation, (b) public works facilities, motor vehicle under-
bodies and related matters, (c) public health, (d) animal life, and
(e) fish.

The Legislative Research Bureau is limited by statute to “sta-
tistical research and fact finding.” This report therefore contains
factual material only, without recommendations or legislative
proposals. It does not necessarily reflect the opinion of the under-
signed members of the Council.

Respectfully submitted.

MEMBERS OF THE LEGISLATIVE
RESEARCH COUNCIL
Sen. MAURICE A. DONAHUE of Hampden

Chairman
Rep. JOHN T. TYNAN of Boston

Vice Chairman
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Rep. JAMES F. CONDON of Boston
Rep. SIDNEY Q. CURTISS of Sheffield
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of Pittsfield
Rep. HAROLD L. DOWER of Athol
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To the Members of the Legislative Research Council:

GENTLEMEN: The joint order, House, No. 3310 of 1964,
directed the Legislative Research Council to investigate and study
the use of calcium chloride and sodium chloride for the removal
of snow and ice on highways with special reference to the various
effects of such use.

The Legislative Research Bureau submits such a report herewith.
Its scope and content are determined by statutory provisions which
limit Bureau output to factual reports without recommendations.

The preparation of this report was the primary responsibility of
Robert D. Webb of the Bureau staff.

Sincerely yours,

Herman C. Loeffler, Director
Legislative Research Bureau

LETTER OF TRANSMITTAL TO THE
LEGISLATIVE RESEARCH COUNCIL
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THE USE AND EFFECTS OF HIGHWAY DE-ICING SALTS
SUMMARY OF REPORT

This report is concerned with the use and effects of the two com-
monly used highway de-icing salts, namely, sodium chloride and cal-
cium chloride. By legislative order special attention is focused on
the effects of these salts on public works, automobile bodies, vege-
tation, the public health, animal life and fish.

Increasing Use of De-icing Salts

Until recent years highway maintenance officials relied heavily on
the use of abrasive materials such as cinders and sand to meet the
problem of snow and ice control. But public demand for roads that
are usable and safe in all seasons has led to the adoption of a
“bare pavement” policy by most highway departments located in
the snow belt. To obtain bare pavements in the midst of winter
storms, sodium chloride and calcium chloride have come into in-
creasing use. Unlike abrasives, which essentially are skid preven-
tives and traction aids, salts attack the source of the slippery con-
dition by preventing the formation of ice or by melting ice or hard
packed snow that has already formed.

According to industry estimates, about four million tons of
sodium chloride and about 200,000 tons of calcium chloride are
now used annually to remove ice and snow. Figures are not avail-
able for total consumption in Massachusetts but the State Depart-
ment of Public Works reports that for 1964 it used nearly 100,000
tons of sodium chloride and nearly 5,000 tons of calcium chloride.

Reflecting the shift to salts, the use of sand has dwindled sharp-
ly [from over 500,000 tons in 1954 to about 325,000 tons on Massa-
chusetts state roads in 1964]. Its principal function now is to help
provide traction at critical spots such as intersections and grades.

Costs. The initial cost of chlorides is considerably more than
that of sand. Sodium chloride costs locally about $13.50 per ton
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and calcium chloride about three times that amount; in contrast,
sand is available at only $1.20 per ton. However, as indicated, sand
does not remove the snow or ice whereas salts do. Furthermore,
the cost of spreading sand is higher and the time involved, a
vital factor in fighting a storm, is much longer. Finally, added
“sand” costs arise each spring when road shoulders must be cleared
of sand accumulations and thousands of catch basins must be
cleaned out to allow proper drainage.

Savings. Savings from the use of salts cannot he measured pre-
cisely. For example, it can never be known how many lives are
saved or how many personal injuries are avoided by the substitu-
tion of bare pavements for ice slickened or snow packed roads. Nor
can the savings in the avoidance of property damage from col-
lision he estimated.

Some studies have been made of community losses from delays
and disruption of traffic movements caused by snow and ice storms.
Thus, losses hi wages, business income, industrial production, and
other commercial activity were found to loom large in surveys in
New York City and Detroit. Another survey in Michigan found
that added gasoline tax revenue as a result of salt cleared pave-
ments was more than twice the allocations for maintenance in the
same period.

Chemistry of De-icing Salts
The report describes the manner in which de-icing chemicals

work by going into solution and generating heat. As the salt dis-
solves and melts the top ice, brine is produced which further pene-
trates down through the ice and eventually causes a break in the
bond to the pavement. This development is accelerated by the
movement of traffic. The process also reduces the snow and ice to
a mealy condition which is then removed by plowing operations or
by the effect of normal traffic.

Sodium and calcium chlorides are mixed to obtain certain de-
icing advantages. Sodium chloride is more effective over a long
period and cuts deeper, but calcium chloride is faster acting. By
mixing the two in the different ratios required by given weather
conditions, the best characteristics of the two chemicals operate to
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advantage, as demonstrated by the experience of Massachusetts
and most other snow belt states.

Effect of De-icing Salts on Structures
The effects of salts upon public works has been the subject of

much study and has developed a fund of technical informationand
scientific findings. Much of this literature has been examined in
the course of this study, and the more significant data have been
condensed in layman’s terms in this report so far as it is possible
to do so.

With relation to public works structures in general, and bridge
floors and decks in particular, the history of severe and extensive
damage to bridge decks seemed to coincide with the
initial and widespread use of de-icing salts for snow and
ice control. Such damage was prevalent throughout the snow belt
states with serious deterioration reported in portland cement con-
crete structures. Symptoms of damage were scaling, peeling, chip-
ping, potholes, cracking, and surface mortar deterioration.

As a result, the Highway Research Hoard initiated a broad
investigation with respect to which a symposium in 1962 re-
vealed the results of many studies that have been made. Experts
presented detailed findings, including much damage data relative to
every phase of structural construction. From these reports which
are described at length in this report, the following general con-
clusions can be drawn.

First, the evidence is much too conflicting to pin the guilt for pub-
lic works damage solely on de-icing agents. The evidence indicates
that a major cause of damaged concrete structures is inadequate
field inspection and a failure to observe sound practices of mixing,
transporting, laying and curing concrete.

Although salts do have damaging effects on some concrete struc-
tures the other data obtained cautions against forming abrupt con-
clusions. Illinois, for example, discovered that scaling damage of
bridges situated in the milder climate of its southern area was as
severe as on those in the northern part of the state where winter
conditions are far worse and where two-thirds of the total amount
of salts used throughout the state are applied. Illinois experience
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also indicated the same damage was suffered by bridges built during
the early period of light salt practice, as occurred with those built
in a later period when six times as much salt was used.

Similarly, in Wisconsin, there seemed to be little correlation be-
tween damage to structures on major arteries and those on secon-
dary roads, even though higher traffic volumes normally require
more frequent chemical applications. Finally, surveys in Michigan
clearly indicate that conditions conducive to subsequent scaling
and surface deterioration of concrete reflect initial violation of basic
construction principles at the time of construction.

In the light of available evidence relative to the disintegration of
concrete bridges, the consensus of the Highway Research Board
Symposium appears to be that no single factor can be pinpointed
as the major or sole cause. In general, scaling seems directly re-
lated to the absence of adequate air-entrainment in concrete. High-
way authorities therefore stress the need for improved finishing and
curing of concrete and better inspection techniques. Locally, salt
has been used in liberal quantities on the Massachusetts Turnpike,
but bridge decks have suffered no serious deterioration. Hence, the
engineers concerned believe that a concrete bridge deck properly de-
signed and constructed, with an optimum percentage of air-entrain-
ment, should resist the destructive potential of either salt.

Generally speaking, the use of de-icing agents in substantial
quantities has had little effect on concrete roadway pavements or
asphalt surfaces. The damage occurring in isolated cases is usually
due to improper construction practice and poor drainage.

It is true that the use of salts increases the number of freeze-
thaw cycles thereby increasing the frequency of thawing episodes
giving water more opportunity to destroy. But the basic cause of
structural damage apparently lies in construction practices. On the
other hand, there is no doubt that salts accelerate the damage by
reducing the scale resistance of concrete.

Automobile Corrosion
The motoring public is undoubtedly more upset about the effect

of salts on automobile bodies than on roads or bridges. For some
time the corrosion of automobiles has been blamed on salts. How-
ever, salt and brine, as such, do not cause corrosion. Corrosion is
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due to the oxygen of the air uniting with bare steel in the presence
of moisture to produce rust in the form of iron oxide. This rusting
occurred on automobiles long before salts came into extensive use.

Investigations have been carried on by the automobile, chemical,
and salt industries in an effort to check the problem. Automobile
enamels and lacquers have been developed which are relatively
unaffected by highway salts. Corrosion begins only when the finish
is broken so that the brine solution can reach the underlying metal.
Once begun, corrosion spreads under the paint film in all directions,
lifting itand exposing the rusted metal.

Body crevices which retain water, snow or brine for long periods
of time also make the finish more susceptible to corrosives. Auto-
mobile designers have therefore eliminated many of these trouble
spots. Other preventive steps taken are the use of undercoatings
and the dipping of sheet steel in protective solutions prior to paint-
ing. The measurement of any adverse effect of de-icing salts is
further complicated by the rust effect of polluted, industrial air.

Most experts agree that the best protection for an automobile
finish is to wash the car regularly during winter months to remove
salts along with road grime, industrial contaminants, insects and
road tars. Care should be taken by motorists in applying protective
coatings to avoid the use of those waxes and lacquers which serve
to seal in moisture and speed rusting.

Experiments with rust inhibitors have not as yet produced an
adequate inhibitor at a justifiable expense that will benefit the
motorist. In any event, an inhibitor will only reduce, not prevent,
corrosion.

The short life of tailpipes and mufflers has been ascribed to use
of salts. The real culprit, however, is probably the increased en-
gine discharge of destructive acids that stem from higher octane
gasoline.

Notwithstanding the known acceleration of corrosion by highway
chemicals, highway officials strongly defend the use of salts. They
believe that any acceleration of damage caused by sodium chloride
and calcium chloride is far outweighed by the substantial reduction
in the duration and seriousness of hazardous driving periods as well
as the obvious economic benefits that accrue to business, industry
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and the community from quickly opening up highways for use after
storms.

Tree Problem
Not much information is available relative to salt effects on

vegetation. Two studies by the Universities of Massachusetts and
New Hampshire deal with alleged salt injury to roadside trees.
Results of the Massachusetts study indicate that winter road salting
probably does no great harm to deciduous trees in Massachusetts,
and that various other factors which are cited could account for
the disease symptoms occurring in the trees studied. On the other
hand, the New Hampshire study concluded that salt has played an
important role in the decline of New Hampshire’s maple trees.
Since the views of experts are at such odds, the question of salt as a
contributing factor in the demise of roadside trees is unresolved.

Another study of the defoliation of trees in New York City made
by the city’s plant pathologist, suggests that toxic gases from motor
vehicle exhausts are the real reason for withered trees along the
city’s traffic arteries. Salt effects were not found to be a serious
factor.

Salt Effects on Health, Animal Life and Fish
Even less information is available on the effects of salts on the

public health, animal life and fish.
It is known that both well and surface supplies of drinking water

have been affected by increased use of salts. Thus, the Massachu-
setts Department of Public Health early this year alerted all water
supply agencies in the state to the danger of chloride contamination.
In some cases, water supply sources had to be abandoned. The De-
partment pointed out that two sources of danger were (1) the
drainage from salt storage piles which is strong enough in chloride
content to contaminate an area, and (2) roadside drainage that
may carry chlorides a considerable distance and contaminate other-
wise pure water supplies. The Department of Public Works was
asked to cooperate in an effort to minimize this danger.

Related to this development is the disturbing substantial increase
in the chloride content of the water supply of the City of Spring-
field. A sharp rise in the chloride content of that city’s water oc-
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curred shortly after the Massachusetts Turnpike opened, affecting
not only its use by the public but by an important local industry
whose products are involved. That portion of the Turnpike lying
within the city’s watershed is one of the most difficult maintenance
sections.

No evidence has been uncovered to indicate that highway salts
affect adjacent croplands.

As to fish and game, the only serious effect indicated is the pos-
sibility that the craving for salt of ungulate animals, such as deer
and elk, may attract them to highways to obtain the mineral. As a
result, traffic hazards arise for both motorists and the animals. The
salt itself is not harmful, as witness the practice in western states
of dropping salt at a distance to lure these animals away from the
croplands.

A number of newspaper reports alleging salt dangers to children
and pets have been checked and refuted by competent authorities.

Reports of alleged harm to fish were also investigated and proved
to be groundless.
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House Order No. 3310 of 1964, filed by Rep. Harrison Chadwick
of Winchester, and reprinted inside the front cover of this report,
directs the Legislative Research Council “to investigate and study
the use of calcium chloride and sodium chloride for the removal
of snow and ice on highways.” “Special reference” is also required
with relation to the effect of such chemicals on (1) vegetation, (2)
public works and motor vehicles, (3) public health, (4) animal
life, and (5) fish.

Nature of Problem
Sodium chloride and calcium chloride are usually referred to by

both motorists and highway officials as “salts”. In recent years,
salts have been used in increasing amounts by highway mainte-
nance departments on state and local levels either (1) to prevent
the formation of ice, or (2) to melt ice or packed snow that is
already formed.

This development is in line with the “bare pavement” policy
adopted by many highway departments in the snow belt. This
policy contrasts with the former practice of reliance on abrasives,
such as sand and cinders whose use is primarily that of skid preven-
tives and traction aids after road surfaces have been made slippery
by snow and ice.

Abrasives are less satisfactory than chemicals because abrasives
may be whipped off the road surface by either wind or traffic or
both, leaving unchanged the cause of the slippery condition. They
cost more to spread on roads and take longer to apply, a vital
factor in fighting storms. Finally added costs arise each spring
when shoulder areas, catch basins and conduits must be cleaned to
allow proper drainage.

(Cnmmnuuu'altlf at iHasnarljunrtta

THE USE AND EFFECTS OF HIGHWAY DE-ICING SALTS

CHAPTER I. INTRODUCTION

Subject and Scope of Study
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Of more interest to the motorist, however, is the fact that public
safety and convenience are better protected by the use of salts as
de-icing agents under hazarious winter driving conditions. Safe
driving conditions are essential, particularly in the treacherous
winter months, and every highway agency bears a great responsi-
bility to maintain public roads in the best possible condition con-
sistent with traffic densities and available funds.

As is developed later in this report, the total savings to the
motorist and the community of a sound maintenance program in
x’educing deaths, personal injury, property damage and disruption
of employment and commerce, can never be measured precisely.
That they are dramatically significant is accepted.

But even so, the use of salts has provoked much controversy.
Reports are frequent that automobile body corrosion is due to in-
creased use of highway salts. Scaling of concrete surfaces of high-
ways and of bridges has been ascribed to salts. More recently, salt
has been charged with injury and death to roadside trees, shrubs,
and lawns.

Such questions have stirred up considerable general interest
in the true effects stemming from use of highway salts. The prob-
lem has been under study for some time, a few aspects at length.
The resultant findings are discussed below.

Study Procedure
The subject of this study is obviously a highly technical one.

Fortunately however, the results of enough technical research by
independent and authoritative sources are at hand and can be
presented in layman’s terms to throw light on most of the areas
specified in the legislative order. Several additional related studies
are currently under way but preliminary findings have not yet been
published. With respect to animal life and fish aspects of the use
of salts, there appears to be a void in available information.

The primary source material for this report consists of technical
papers and scientific publications. The treatment herein reports
findings in simplified manner so that the general picture can be
easily grasped. For those persons wishing to consult original source
material, a bibliography is appended.

Among sources consulted for this report were the publications



[Jan.SENATE —No. 2.16

of the Highway Research Board in Washington, D.C., the U.S.
Bureau of Public Roads and the U.S. Department of Agriculture.
In addition, contacts were made with four Massachusetts Depart-
ments, Public Works, Public Health, Agriculture and Natural
Resources. Also consulted were the Metropolitan District Com-
mission, the Massachusetts Turnpike Authority, the New York
State Thruway, and all highway departments located in the snow-
belt states; research divisions of the Ford Motor Company and
General Motors Corporation; the Salt Institute, the Calcium Chlo-
ride Institute; the American Chemical Society; some leading salt
manufacturers, the American Concrete Institute; the Rational As-
sociation of Corrosion Engineers, various publications serving the
fields of public works and highway maintenance; various university
reports on related aspects of salt use; both the Road Research
Laboratories, and the Institution of Highway Engineers of Eng-
land; the Canadian Good Roads Association and the Ontario Re-
search Foundation. We regret that a few sources that would be
expected to have an interest in the subject matter failed to acknowl-
edge our inquiries.

The nature of the material forthcoming from the many co-
operating agencies and groups vary from detailedreports on specific
tests to brief, generalized discussions. Some of this documentation
was extremely helpful, particularly with reference to the effect of
salts upon highway surfaces and automobile body corrosion. Per-
sonal correspondence and personal interviews with experienced
persons completed this source material.

To the many officials of both governmental and private agencies
who responded so generously to requests for information, great ap-
preciation is expressed.

General

Road maintenance is a year round task. In those states with
colder climates that lie within the so-called snow belt, this main-
tenance is especially difficult during the winter season. And in
states such as Massachusetts, with an industrial-urban make up
containing densely populated areas, the problem is even more

CHAPTER 11. STATE HIGHWAY DE-ICING PRACTICES
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acute. Such concentrations of population and industry demand un-
impeded movement of motor vehicles over road surfaces that pro-
vide safe and quick passage in all types of weather.

Early efforts to provide usable roads under adverse weather
conditions were experimental. As the numbers of vehicles in-
creased, authorities developed better methods for coping with this
increasingly serious problem. At first, cinders and sand came into
general use to provide a gritty surface to allow vehicles to ob-
tain traction. Less frequently used “abrasives” took the form of
screenings of stone and of blast furnace slag.

Such use of abrasives is, however, no longer considered good
practice except under conditions where traction is necessary to
overcome hazardous conditions. The reason is that when abrasives
are used, they are usually spread the entire width of the highway,
and a four-ton truckload of abrasives is required to cover only
four lane miles of roadway. Hence, eight four-ton truckloads of
abrasives are needed to treat 32 lane miles of roadway. In con-
trast, the same area can be covered with one four-ton truckload
of salt, or only one-eighth as many truckloads. Herein lies the
valuable time lost by the use of abrasives in fighting storm con-
ditions quickly.

Experiments have also been made with mixtures of de-icing
chemicals and abrasives to fight snow and ice. Highway engineers
report but little increase in efficiency and state that objections to
abrasives are not overcome. An abrasive skid proofs the highway
surface to expedite the movement of traffic. On the other hand,
salt provides a bare pavement, at a cost of not more than half that
of chemically treated abrasives.

Furthermore, abrasives need to be replaced frequently as they
are brushed away by traffic and wind. Thawing and freezing cycles
nullify their effect. Their continued use in a prolonged storm
usually results in a thick mat of ice, creating mounds which are
additional traffic hazards and which are removed with difficulty.
Public safety demands that a storm be attacked immediately to get
it under control before it creates hazards to life and property. Un-
fortunately abrasives are effective only after ice and snow have
accumulated.
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In the Spring, after winter storms are past, abrasives remain on
the roadway shoulders and must be removed. They must be cleaned
periodically from catch basins and sewers.

Most of the foregoing faults of abrasives apply equally to the use
of cinders or sand. Cinders suffer added drawbacks. They are
bulky, and must be spread by hand rather than mechanically. Their
cost restricts their use to the vicinity of their source. On the
other hand sand is a uniform and compact material that is more
easily spread mechanically, but also has a tendency to freeze. As
a result the problem of mats of ice forming is still present, along
with the clean-up expense after a thaw.

Another approach to the problem of snow and ice control is to
remove the ice and snow by means of chemical applications. On
this score, sodium chloride (rock salt) and calcium chloride (pel-
lets or flakes) or a combination of the two are in common use as
melting agents.

Sodium chloride is mined, not manufactured. It does not form a
hydrate (a compound formed by the union of water with some
other substance), nor release heat upon going into solution. Salt
has a freezing point of minus 6°F. and at 30°F. one pound of salt
will melt 46 times that weight.

Relatively slow solubility enables salt crystals to work their way
downward through a mass of ice or packed snow to the pavement
beneath. Then the resultant brine spreads out in all directions,
breaking the bond between the frozen mass and the pavement. In
this process the snow is reduced to a mealy condition which as-
sists in removal both by plows and by normal traffic. Sodium
chloride freezed dry does not continue to absorb moisture thus
avoiding a new hazard when temperatures drop sharply.

Calcium chloride is a crystalline compound used in an anhydrous
state (i.e. destitute of water especially water of crystallization).
It forms hydrates and releases heat upon going into solution.
Calcium chloride has a freezing point of minus 58°F. It can dis-

Sodium Chloride (Rock Salt)

Calcium Chloride
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solve gradually and become liquid by attracting and absorbing
moisture from the air, and leaves no residue.

A mixture of calcium chloride with sodium chloride reduces
bounce and the loss of material during spreading, and prevents
recrystallization. The mixture provides a faster acting chemical,
which avoids glazing and also holds abrasives to the pavement.
The further the temperature drops below 30°F. the greater the
difference in time of melting action between the chemical mixture
and straight salt.

Various disadvantages, however, attach to the use of calcium
chloride. These disadvantages include; (a) If calcium chloride is
stored during the winter months, complete protection from the
elements must be provided. Even though under cover, it must also
be protected during the summer season from the moisture con-
tent of the air. This type of storage is possible, according to
exhaustive studies of the Calcium Chloride Institute by using
polyethylene covers that can be made practically air tight.

(b) Cost of storage building construction.
(c) Cost of mixing.
(d) Unless personnel is closely supervised there is a tendency

to use more calcium chloride than is necessary because of its im-
mediate effectiveness, alone or in mixture.

(e) Care must be taken to keep dry the sodium chloride to be
mixed with calcium chloride, or the latter will absorb the moisture
in the former and caking will occur.

Rock salt (sodium chloride) is much cheaper than calcium
chloride in most areas, and is therefore used more widely. Calcium
chloride appears to remain effective in melting ice at lower tem-
peratures than rock salt, hence a mixture of the two is used dur-
ing severely low temperatures when rock salt alone would be in-
effective.

Actually any chemical that will lower the freezing point of
water will melt ice but several factors affect the choice of a par-
ticular de-icing chemical. Of these, the more important are price,
availability in bulk, ease of handling and storage, effect on skin
and clothing, lack of toxicity, ease of spreading, and ability to
penetrate ice and snow. Sodium chloride, or rock salt, is the least
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expensive of all de-icing chemicals, and costs only one-third as much
as calcium chloride. Also rock salt is not deliquescent and low
solubility permits outside storage over a period of time without
noticeable loss or hard caking. A minimum of shelter permits
storage without any significant loss.

Other De-icing Agents
Other methods to control ice and snow have also been used or

advocated, including radiant heat, melting machines, other chemi-
cals, brine and marine salt. Because of their limited usefulness for
large-scale practical operations, these alternatives are only briefly
described below.

Radiant heat is provided by a system of heating coils which
circulate either hot water or an anti-freeze liquid heated to 100°-
110°F. A nearby inexpensive heating source is essential. Costs
are high and the use of such system is therefore limited to those
small areas requiring abnormal de-icing efforts to meet special
pedestrian or vehicular conditions.

Melting machines are another and highly impractical al-
ternative. Basic designs are costly and do not warrant further
mention.

Of other chemicals in use, most appear to be a variant of alu-
minum chloride with their much higher effective melting rate
than rock salt. However, limitations of mechanical spreading de-
vices preclude the minute, uniform spreading which is essential
to make them useful. Costs of these chemicals are prohibitive,
despite their melting efficiency, and hazards to health and safety
are connected with their use.

Another expensive method is the spraying of brine (salt water
with rock salt added) over snow and ice. The dilute salt solution
requires pumping, trucking and spraying operations. Then there
are the added disadvantages of rapid corrosion of flushing equip-
ment, increased load on sewage facilities, and possible spraying
of polluted waters on streets.

Another chemical de-icing agent is marine salt. This agent
is an imported end product obtained by evaporation of salt water.
Opinions differ as to the relative efficiency of this type salt as a
de-icing agent. Its limited use precludes any definite conclusions.
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Proponents of marine salt argue its merits as follows: Field tests
on marine salt covering rates of melting, traction effect, ease of
handling, storing and spreading produce many favorable results.
Its fineness of particles allows economic spreading and provides
uniform coverage with more uniform melting than the spotty melt-
ing attributed to larger rock salt crystals. Non-skidding surfaces
are obtained quicker than with rock salt. One city maintenance
engineer once stated that the use of this salt on icy pavements
saves half the required amount of other salt.1 On snow one inch,
however, coarser rock salt is superior.

In the past disadvantages of marine evaporated salt, or solar
salt as it is called, involving handling and storage, were a strong
factor in limiting its use for highway de-icing. Caking was more
rapid and extensive and loading time into mechanical spreaders
was longer. Some jamming would occur in spreaders requiring
manual help for correction.

Thus many maintenance men felt that the limited advantages
of solar salt did not warrant its usage. Recently, however, a chemi-
cal called Yellow Prussiate of Soda had been used (under brand
names) which overcomes the caking problem.

Experimental use of solar salt by the Massachusetts Depart-
ment of Public Works in 1963 showed very satisfactory results.
Solar salt and mined salt were employed during one storm in a
section of Ashby and both types of salt were equally effective
against a fall of one-half inch of wet snow. During another storm,
the two types of salt were used on two sections of highway in
Westford with a one inch accumulation on the pavement. Sand
was mixed with the salts on one highway. On both highways the
solar salt worked at a faster rate than the mined salt. In a third
experiment in Lexington both types of salt were equally effective.
Although the Department concluded that (1) solar salt goes into
a brine solution at a faster rate than mined salt when applied to
a snow covered pavement; and (2) at temperatures of 25°F. and
higher solar salt and mined salt are equally effective in melting
snow, it stated that solar salt does not meet present Department

i C. A. Rogus, Director of Engineering, New York City Dept, of Sanitation, in
Public Works, November, 1957.
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specifications as to moisture content and gradation. The experi-
ment also left other questions unanswered such as handling, storage,
spreading, and effectiveness at lower temperatures.1 But experi-
ence in other parts of Massachusetts indicates that solar salt has
produced impressive results with reference to these questions.

Laboratory tests have also shown that the acidity content of
evaporated salt is lower than mined rock salt in general use.
There is some opinion that the higher acidity content of mined
salt may account for its corrosive qualities. In one test the evap-
orated salt was decidedly alkaline and less aggressively corrosive
on steel and concrete than the acidic mined salt. Of course, such
analyses, even though accurate, relate only to the samples tested
which may or may not be typical of a whole quantity of this type
salt. Other tests of samples of solar salt produced less favorable
results. In view of the many factors that influence the corrosion
picture, such as temperature, aeration, air pollution, humidity, con-
tact, etc., no certain conclusion can be drawn from these tests.

Cost-wise, evaporated salt is slightly cheaper than rock salt
and has been used with successful results by several New England
communities on local roads.

Chlorides lower the freezing point of water and thus prevent
and reverse the formation of ice. The lowered freezing point is
caused by a lowered vapor pressure in the solution. Vapor pres-
sure is an interchange of molecules which occurs when, for ex-
ample, water and ice are in contact with each other.

Calculations by chemists show that in 10% solutions there is
a greater lowering of the freezing point by sodium chloride than
by calcium chloride. Field tests indicate better results at low
temperatures with calcium chloride than with sodium chloride
but these solutions are more concentrated than 10%. This dif-
ference is attributable to the difference in solubility of the two
chemicals at lower temperatures.

Melting Characteristics of Chlorides

1 See Chapter IV which notes in a controlled field test in Minnesota, the rapid
fall off of the rate of ice removal by evaporated salt after an initial 20
minutes of high rate of ice removal.
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Two other qualities affect the melting characteristics of these
two chlorides. Both are concerned with the rate of melting rather
than the total amount of melting.

The first step in the melting process is the formation of a liquid
solution. Here calcium chloride holds the advantage in that it
forms hydrates (to combine with water or elements of water) and
thus draws moisture from the air to form the initial solution much
faster than sodium chloride which is not deliquescent (to dissolve
gradually and become liquid by attracting and absorbing moisture
from the air).

The other characteristic involved is the heat of solution. Heat is
required to transform ice into water and must be supplied from
either the surrounding air or from the solution. A socalled “heat
of solution” is also involved in dissolving a solute (dissolved sub-
stance) into a solvent.

Some major properties of calcium chloride and sodium chloride
are compared below

Property Calcium Chloride Sodium Chloride

Lowest Freezing Point —5B°F. —6°F.

Moisture Attraction Deliquescent: Attracts Non-deliquescent: Does
moisture from air and not attract moisture for
goes into solution. solution.

Heat of Solution Positive: Liberates heat Negative: Requires or
as it goes into solution. takes on heat as it goes

into solution.

Chemical Action At Work
When salt is spread as a de-icing chemical on snow or ice-covered

roads, some salt dissolves and some ice melts to produce brine. If
salt is present in excess, all the ice will melt and equilibrium will
finally be established between undissolved salt and saturated brine.

If ice is in excess, all the salt will dissolve and the brine will
continue to melt ice until so dilute it is in equilibrium with the re-
maining ice at the prevailing temperature. These same equilibrium
factors apply to any chemical used to melt ice and snow.

From the equilibrium standpoint, application of 600 pounds of
salt per mile to a 20 foot road covered with 0.2 inches of ice (or
2 inches of snow) would melt about 10 percent of the covering,
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or enough to loosen the surface bond and enable bare pavement
maintenance.

Except under conditions of (a) very low temperature below
10 degrees F. and (b) small traffic volume, the melting speed of
ice or snow depends on traffic volume rather than on the theoretical
ice melting properties of the chemicals.

Efficient ice removal requires penetration to the pavement with
enough salt remaining to furnish brine for undercutting and junc-
ture with the undercut made by adjacent salt grains. Small grains
penetrate and dissolve rapidly but may not furnish enough depth
or enough brine, unless salt is applied during the initial phase of
a storm. Large grains penetrate deeply but slowly. The ideal is
a mixture of sizes neither too small nor too large.

Another important property of de-icing chemicals is deliques-
cence, or their ability to absorb moisture from the air. The sodium
chloride manufacturers consider this property is undesirable be-
cause water is attracted which lowers the efficiency of the chemical.
After sundown temperatures drop and this solution freezes into
slush or ice creating a hazard for motorists. Deliquescent chemi-
cals spread on top of snow do not penetrate to the pavement, rather,
they melt immediately within the first inch of snow layer.

The following mixtures of deliquescent and nondeliquescent
chemicals have been tested by many authorities and found to be
effective at the temperatures indicated.

Table 1.

Effective Mixture Ratios of Sodium Chloride and Calcium Chloride
Sodium Chloride Calcium Chloride

by Weight by Weight Temperature Protection

(non-deliquescent) (deliquescent)
3 1 near 30° F

1 near 20° F to 25° F
■1 With severe ieiecr eenrUwith severe icing condi-

tions and low temperature
—■ very effective.

A faster and more positive action is provided by a mixture of
10% of calcium to sodium chloride once ice has formed. For ex-
treme conditions 25% of calcium to sodium will aid in the melting
of the ice.
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A satisfactory mixture for most all storms consists of two parts
of chemicals, (1:3 calcium to sodium chloride by weight) mixed
with one part abrasive. This mixture proved to be almost as ef-
fective in melting action as clear chemical, and also provided skid
protection.

Responsibility for maintaining Massachusetts highways depends
upon road classification and agency jurisdiction. State roads are
maintained by the Department of Public Works through various
maintenance districts. The Metropolitan District Commission main-
tains the parkways constituting a primary network radiating from
Boston. Cities, towns and counties take care of their local roads.
The Massachusetts Turnpike is the responsibility of the Massa-
chusetts Turnpike Authority. The Mystic River Bridge is main-
tained by the Massachusetts Port Authority.

No single set of standards governs what the maintenance policy
shall be on these thousands of miles of roads in the Common-
wealth. Nor can there be. No two storms are alike. Moreover,
the same storm may affect areas within the state in quite a dif-
ferent fashion. The various types of roads scattered throughout
different areas of the Commonwealth also make uniformity of
maintenance impractical. For example, a storm moving in from
New York might deposit much snow in Western Massachusetts
only to turn to ice, sleet or rain upon reaching the general Boston
area. State highway crews fighting the storm with one treatment
perhaps at midday in mid-state must fight the storm with a dif-
ferent treatment at dusk in greater Boston. Mild, sunny weather
following one storm would cause different follow-up treatment
than applies in sub-zero, overcast weather. Traffic densities affect
road surface temperatures and influence treatment. Often a storm
producing only two or three inches of snow will require as much
salt to be spread as a storm producing 12 inches.

Extensive studies by road authorities into methods of using
chlorides and sand for efficient snow and ice control operations at

Practice in Massachusetts
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minimum cost have produced certain basic methods that obtain
satisfactory results. Accordingly, the Massachusetts Department
of Public Works has adopted the following methods for its opera-
tions.1

The procedure followed in combating a storm depends upon
temperature, pavement condition, nature of precipitation and the
forecast at the start of the storm. While many conditions can then
develop, one of three basic conditions will arise in the early stage
of almost every storm. As described by the Department of Public
Works in its Maintenance Manual, these are;

Condition 1: Air temperature 25° F to 34° F and rising. Pavement wet.
Precipitation: snow, sleet or freezing rain. This condition may prevail until
the temperature rises through and above the critical zone (28“’F to 34°F)
in which case the danger of packing or icing diminishes. But if the mercury
levels off at a critical temperature, packing or icing will occur. The state’s
policy is to apply sodium chloride initially at a rate of 500 lbs. per mile of
two lane roadway. Thereafter the treatment depends upon the fluctuation of
the temperature and the rate and type of precipitation.

Condition 2: Air temperature 20° F to 32°F. Pavement wet or icing. Pre-
cipitation: rain, snow, sleet or freezing rain. Under this condition ice is
likely to form on the pavement. Even though precipitation begins as rain it
may turn to snow. Initial treatment is an application of sodium chloride or
a mixture of calcium and sodium chloridesS at the rate of 400 lbs. per mile
of two lane pavement as soon as possible. Further treatment depends upon
whether or not the pavement remains wet or becomes covered with a soft
pack as the mercury falls.

Condition 3: Air temperature below 25°F. Pavement dry. Precipitation:
snow. This third condition calls for plowing when enough snow has fallen,
with spot sanding. If the mercury rises through the critical level, sodium
chloride may be applied to prevent icing at the rate of 500 lbs. per mile for
two lane roadway or mixed chlorides may be applied at the rate of 400 lbs.
per mile of two lane roadway.

So-called “stockpile sand” is actually sand to which 100 lbs. of
chloride has been added to each ton when trucks are loaded for
spreading or at time of spreading. “Specially treated sand” is a
mixture composed of half chloride and half sand, applied at a rate
of 1,000 lbs. per mile of two lane pavement.

1 See Maintenance Manual, “Chapter IV Snow and Ice Control, Mass” Dept
of Public Works.

2 The mixture calls for 650 lbs. of calcium chloride to 2,000 lbs. of sodium
chloride, applied by “windrow method not spread.”
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The objective of these methods of snow and ice control, the De-
partment states, is:

“to expedite the work of furnishing clear and safe passage for traffic and
to reduce the amount of sand required for the job by the controlled use of
chlorides. At some point there will be found an economical balance at which
the cost of the chlorides is justfiied by the better performance of the task
of snow and ice control and the savings realized by the reduced expenditure
for sand and the spring cleanup’’.

The State usually purchases sodium chloride in bulk at a saving
of about $6.00 per ton; it is preferably delivered in the summer
and protected against the weather by use of laminated paper,
polyethelene sheets or canvas tarpaulins. Calcium chloride is pur-
chased only in bags at a cost of about $40.00 per ton. This price
spread is partially eliminated by the cost of $6 - $lO per ton needed
to pick up sand after the winter ends (sand is purchased at about
$1.20 per ton). Also, cleaning out over 25,000 catch basins in state
service costs over $3.00 each.

The present practice of the department maintenance division
reflects several years of experimentation with sand, chloride and a
mixture of the two.1 The department discovered that sand treated
with variable amounts of chlorides often resulted in a solution of
insufficent strength for the existing temperature and actually
changed packed snow into the very ice to be eliminated. But it
was also found that sand treated with the proper solution would
not whip off the surface under traffic. Because of increase in traffic
volume and the adoption of a “bare pavement policy” the depart-
ment has increased its use of chlorides substantially and now ap-
plies the chemicals as soon as a storm begins to prevent a snow-
pack buildup. As stated recently by the department’s snow and ice
control engineer, “the use of chloride mixtures proved to us that
the tremendous amount of sand that we have used in previous
winters could be reduced.” 1

An experiment using sand and chlorides was conducted by the
Department on a section of state road over a period of three
winters. The following results were tabulated:

ißobert E. Lee, “Snow and Ice Control” Paper delivered at First Annual
Highway Conference sponsored by Mass. D.P.W. 1961.
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Table %.

Maintenance Material (Tons) Used Experimentally on Selected

Massachusetts Highways, In Three Recent Successive Winters

1958-59 1959-60 1960-61
Winter Winter Winter

Sand 11,898 1,311 165
Sodium Chloride 1,760 1,890 1,677
Calcium Chloride 177 591 415

The costs of these materials rose during the experimental
period, but savings were made in other areas. Less equipment was
needed to spread the material, auxiliary stockpiles of sand and
the need for sand loading equipment were eliminated. Much less
sand had to be picked up in the Spring. The definite advantages
and disadvantages of using a mixture of calcium chloride and
sodium chloride, are summarized as follows by the Department’s
snow and ice control engineer;

Advantages of Mixing Chlorides
1. The calcium chloride triggers the melting and greatly speeds up the

slower melting action of rock salt.
2. Chemical mixtures added to abrasives produce a more effective use of

abrasives than does straight salt and abrasives.
3. Chemical mixtures are much better than straight salt when used with

abrasives, because they tend to hold the abrasives to the pavement and
prevent their being swept off by wind and suction action of traffic.

4. Stockpiles of calcium and salt premixed during fair weather for use dur-
ing the early part of the storm were very satisfactory. They can be
kept uncovered for about a week with only minor crusting. For a
longer storage period, a protective covering should be provided.

5. For most storms a 1 . 2 mixture is the most effective and economical
mixture, particularly with temperatures in the 20-25 degree range.

6. With temperatures in the low twenties, immediate melting action can
be noted when using chemical mixtures, as contrasted it will be 30-45
minutes before action is noticed from rock salt under the same condi-
tions.

7. The addition of calcium to rock salt appears to prevent the recrystalliza-
tion of the rock salt.

8. The addition of calcium chloride to rock salt reduces loss of material
due to throw off and bounce when spreading.

9. Faster melting action produces bare pavements faster, thus reducinp- ac-
cident possibilities.

g
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10. Less equipment is required to maintain the highways during each storm,

11. Less abrasives are required thus reducing the cost of spring clean up.

Disadvantages of Mixing Chlorides

1. Mixing the two chemicals requires handling and storage. On the New
York Thruway such costs were §1.25 a ton; in Massachusetts they were
considerably higher because bagged calcium was used.

2. Sheds or buildings for the storage of bulk calcium chloride should be
constructed. Bulk calcium chloride may be stored on a bituminous
concrete pad and covered with a tarpaulin or water repellent cover.
However, during storms it would be easier to handle if stored in a
building.

3. The mixing of the two chemicals should not be attempted if the salt
has a high moisture content. If the salt is wet, severe caking of the
mixture will result.

4. Pavements have a tendency to stay wet longer. This may be overcome
by spreading a light coat of untreated sand which will act as a blotter.

5. During prolonged storms, refreezing will occur if a second application
of the mixture is not applied at the proper time.

6. The use of calcium chloride has a tendency to cause short circuits in
the motors of the spreading equipment. This can be overcome by the
use of a silicone lubricant preservative, sprayed on the wires and spark
plugs.

7. The older men in the maintenance crews are reluctant to handle the
calcium chloride.

Highway authorities in 31 states lying in the snowbelt area
were asked by the Legislative Research Bureau for information
about their use of chlorides for snow and ice removal. Twenty-
nine replies provided a considerable amount of factual data, some
of which have proved most helpful.

From this information it becomes quite clear that practices
vary with special state conditions. Widespread differences in the
quantity and application of chlorides used by individual states indi-
cate compelling state reasons for selecting the type, quantity and
blend of chemicals that have been put into use.

No two states throughout the snowbelt that are hit by the same
storm experience exactly the same effects of precipitation, tem-
perature fluctuation and pavement conditions. For these reasons
no single fixed rule or formula can be presented as the best answer

Practices in Other Snowbelt States



[Jan.SENATE —No. 2.30

-

to the problem of snow and ice control. Each state must evaluate
the advantages and disadvantages that stem from use of chemicals
in the struggle for clear, safe roads and conclude what is best under
its conditions.

Laymen may be confused by the claims of advocates for various
individual chemicals. Further confusion may develop over the
alleged benefits of mixing particular chemicals. An increasing
number of laboratory experiments and field tests have yielded re-
ports, but their findings thus far have only limited use because
they do not exactly simulate actual road conditions and traffic
loads during stormy weather. Hence, strong reliance must be
placed on the judgment of the experienced maintenance people in
the field.

Some state highway engineers with long years of experience with
use of salts emphasize certain steps to obtain the most desirable
results from such chemicals. For example, a New Hampshire en-
gineer with 23 years of experience with chemicals states that they
should be used in the quantity that will reduce the freezing point
of snow to a level that will minimize bonding to the pavement and
the formation of snow pack and ice.1 They should never, he adds,
be used in an amount or mixture that will melt snow during a
storm and produce slush which is both undesirable and hazardous.
But following cessation of the storm the amount of chemical
should be increased to melt the residue as rapidly as possible. Of
course the sudden changes in storm or temperature conditions may
make such preferred practices impossible by creating slush in
depth.

Most of the states report a very favorable attitude toward use
of chemicals. Several of them, including Massachusetts, use very
substantial quantities of sodium chloride and only a limited amount
of calcium chloride. In general they have drastically reduced their
use of abrasives, and only used sand at critical spots or in a mix-
ture with calcium chloride at certain temperature levels.

In Pennsylvania all anti-skid materials are treated with calcium
chloride to prevent freezing and to anchor the material to snow and
ice covered pavements. Ohio reports that sodium chloride alone,

1 H.H. Richardson, New Hampshire.
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or in a mixture with calcium chloride, is proving “quite satis-
factory” under most conditions. Cost factors are important as
illustrated by the Ohio argument that one truck load of chemicals
will treat about four times the mileage that a truckload of abrasives
will cover. This same time advantage was experienced on the
New York State Thruway. Moreover the chemicals will be work-
ing and providing traction while the abrasive truck is going and
coming from its point of supply.

Opinions differ somewhat on the effectiveness of blending the
two chlorides. Maine prefers sodium chloride alone to a mixture,
except under extraordinary conditions. In that state sodium
chloride usually produces a bare road in a reasonable length of
time, and very little calcium chloride is used, mostly on ramps
of the interstate system during extreme cold weather when sodium
chloride does not function quickly enough.

Connecticut uses a mixture only when the temperature is 26° F
or less or when the temperature is falling rapidly. This practice
is confined to the highspeed, heavy travelled roads selected by the
state highway department.

In one area, Connecticut engineers found that at 26° F or below,
the mixture worked much better and faster than straight salt.
On many occasions, when the temperature was very cold, the mix-
ture worked well, when straight salt would not have worked at all.
There was less plowing and less sanding with the use of the mixture
than with the use of straight salt. Most of the mixture used in this
area, was one part calcium chloride to two parts salt. In very cold
weather a one to one mixture was used with good results. Main-
tenance personnel were very enthusiastic about results obtained.

In another area of Connecticut, maintenance crews felt that the
mixture worked much better at cold temperatures and much faster
at all temperatures. They also mixed calcium chloride with sand
for cold temperature application and found this mixture stayed
on the surface better than a mixture of sand and sodium chloride.
It was also found that there was less plowing and less sanding with
the use of the calcium chloride sodium chloride mixture than
with the use of straight salt. Another finding was that the mixture
worked well at temperatures too cold for salt to work at all.
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States using chemicals in large quantities argue that such a
policy is the only economical method of providing bare pavements
demanded by the public for winter travel. Until a better de-icing
agent comes along, the use of chemicals will continue, probably
at an increasing rate. However, one state, Oregon, replied that
chemicals are only used in “emergencies”, and that mineral sand-
ing materials handle “normal snow and icing conditions”. “This
decision was based on the adverse effect the use of salt has had on
concrete road surfaces, concrete structures, and vehicles in states
using chemicals in all routine sanding operations.”1

Economic Considerations

The legislative directive for this report also requires discussion
of “related matters” concerning the use and effect of sodium and
calcium chlorides for highway maintenance in winter. Aside from
the points covered elsewhere in this report, this miscellaneous
category is concerned with economic and cost considerations. To
discuss the former, two approaches may be made toward economic
factors: (1) by discussing the costs of winter maintenance solely
from the basis of relative costs of chlorides and other de-icing ma-
terials, and (2) by also analyzing community losses due to winter
storms that disrupt the free flow of highway traffic, and that in-
crease the number of storm-caused highway accidents.

If our roads are in dangerous condition during or after a winter
storm, the odds increase greatly for personal injury, property dam-
age and loss of life. Likewise, if road conditions prevent people
from going to or from their places of employment, the economy
suffers sharply. Industrial production is curtailed or stops com-
pletely, business houses come to a standstill, buying is halted for
lack of shoppers and so forth. Obviously, keeping our roads clear
of ice and snow is a matter of broad general significance.

Such losses were the basis of a study a few years back of an
average of eight winter storms occurring annually in New York

CHAPTER 111. ECONOMIC AND COST CONSIDERATIONS

l T. Edwards, Assistant State Highway Engineer, Salem, Oregon.
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City. 1 In the resultant report, ■— it was pointed out that nearly
1.6 million persons, or 40% of the city’s working population, were
dependent on automobile and busses for transportation to and
from work. An average of one hour disruption in normal traffic
flow from those storms was estimated to cause a loss in excess of
$3O million a year.

Similarly, perishable foods aggregating about 25,000 tons daily
must be moved within the city, along with heating fuel shipments
which account for another 7,500 truck days; a one hour delay per
storm costs about $2 million annually. Average daily winter col-
lections of refuse involve 50,000 truck miles; a one hour delay here
costs another $300,000 per year, and a longer delay would pose
serious sanitation and health problems. Fire losses during the
winter season average $ll million; impeded access to fires in-
creases per capita fire losses. In the health field, most of the city’s
20,000 practicing physicians depend on automobiles for emergency
home calls, and ambulance calls are reported to average 1,000 per
winter day; aside from increased losses of life the monetary
worth of each hour of delay due to storm conditions is estimated
to amount to more than $2.5 million.

A similar study of local economic losses was made by the
Superintendent of the Detroit Public Works Department2 for his
city. The study reported the following estimated losses eliminated
by the use of de-icing salts to clear city streets during 35 storms:
(a) work losses due to late arrivals, about $55 million per year, (b)
loss to cartage companies due to reduced speed of delivery, $7 mil-
lion per year, (c) business losses due to reduced consumer sales,
about $426 million per year, (d) public transportation loss, about
$67,000 per day.

Other studies have been restricted to somewhat narrower areas.
Thus a study in Michigan nearly 25 years ago showed that while
maintenance costs were increased by $600,000 to permit more
frequent and safer use of roads, a concurrent increase of $1.3
million in state gasoline tax revenue occured in that same period. 3

1 C. A. Rogus, Director of Engineering, New York City Department of Sanita-
tion in Public Works, November 1957.

2 Glen C. Richards, reported in Highway Research Board, Bulletin 150, p. 14.
3 Highway Research Board Bulletin 220, p. 14.
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Cost Data

During the past 11 years the Massachusetts Department of
Public Works has spent over $15.6 million to purchase sand and
chemicals for snow and ice control on state highways (see facing
Table 3). Of this sum, $9.2 million were spent on sodium chloride
(59.1%); $5.2 million on sand (33.5%); and $l.l million for
calcium chloride (7.3%). Since 1958 the use of chlorides has in-
creased greatly and during the last four years about four times
as much was spent on chemicals as on abrasives.

Average costs currently amount to $13.55 per ton for sodium
chloride and $40.90 per ton for calcium chloride. The cost of sand
is placed much lower (only $1.21 per ton), but this figure does
not include the much higher costs of hauling and spreading, nor
the spring clean-up expense.

While it is more costly in the first instance to use straight
chlorides for de-icing purposes in place of chlorides mixed with
sand, this fact tells only part of the story. As has been indicated
the use of chlorides substantially reduces the amount of plowing
and resultant costs to remove hard packed snow or ice.

The following tabulation compares the per lane mile cost of
sodium chloride, sodium chloride mixed with calcium chloride,
and salt mixed with sand; as used on the Massachusetts Turn-
pike.1

Table 4.
De-icing Cost of Chemical Agents Per Lane Mile of Massachusetts Turnpike

Agent Application Cost Per Basis of Cost
Per Lane Mi. Lane Mi. Computation

Salt 350 lbs. $2.27 Salt cost of $l3/ton
Salt-Calcium

Chloride Mix 350 lbs. 3.50 Mix of 3 tons salt ($l3
ea.) plus 1 ton calcium
chloride at ($4O)

Salt-Sand Mix 1000 lbs. 1.57 Mix of 1,700 lbs. sand
($1.20) & 300 lbs. salt
($1.95)

1 Provided by John T. Driscoll, Chairman
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The efficient removal of accumulated ice and snow from high-
ways is one of the largest problems confronting maintenance en-
gineers in the northern states. Mechanical equipment and abrasive
materials have been used for many years to help make roadways
safe for motor vehicle travel, but the use of straight chemicals
has only recently gained popularity. As a result little reliable field
test data concerning the effectiveness of chemicals and mixtures
and of proper application rates have been available. Recent tests
have made a start at filling this gap.

Two years ago a progress report xwas published covering a
Minnesota study of the comparative effectiveness of chloride salts
and abrasive-chloride salt mixtures for ice removal, and of the
storage characteristics of those materials.

In this project, controlled field ice removal tests were run on
15 combinations of materials within three temperature ranges.
Data were collected on thickness of ice; actual quantity and loca-
tion of chemical or abrasive applied; and periodic condition of
the ice with regard to amount of ice removed. The outdoor storage
characteristics were also studied of seven bulk materials and of
one packaged de-icing compound under a light polyethylene sheet-
ing. The materials were sampled for moisture, crusting and cak-
ing for a period of 10 months.

The tests indicated that a mixture of 1/3 calcium chloride and
2/3 sodium chloride provided one of the better, economical ma-
terials for ice removal. This mixture was also found to store well
in bulk for a period in excess of ten months.

Straight sodium chloride was found to be ineffective as com-
pared to the above mixture in clearing a wheel path within a 60
minute time period. Also it cannot be stored outdoors in bulk
longer than two months without considerable caking.

Mixtures of salt and abrasive were found to be relatively in-
effective for removing ice below about 15°F.

CHAPTER IV. TEST RESULTS OF DE-ICING MIXTURES

Minnesota Test

1 Ice Removal on Highways and Outdoor Storage of Chloride Salts, Progress
Report. Minnesota Dept, of Highways. 1962.
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The Minnesota report recommended that further research on
similar and additional chemicals be conducted under well con-
trolled field conditions. Its conclusions are quoted below:

1. The amount of melt by sodium chloride (rock salt) is primarily de-
pendent on the average of the ice and air temperatures.

2. The amount of melt by calcium chloride within a given temperature
range is proportionate to the amount of chemical applied.

3. The rate of ice removal for both calcium chloride and sodium chloride
is similar above 15°F.

4. Below 15°F., calcium chloride was found to be more effective than
sodium chloride.

5. Below 10°F., sodium chloride was found to be relatively ineffective
in clearing a wheel path within a reasonable period of time of 60
minutes.

6. The rate of application of sodium chloride should be varied inversely
with the temperature.

7. The rate at which both calcium chloride and sodium chloride removes
ice is inversely proportional to the ice thickness.

8. Calcium chloride pellets were found to remove ice more rapidly than
either calcium chloride flakes or rock salt.

9. A 1/3 calcium chloride 2/3 sodium chloride mixture was found to
be the only one which provided clear wheel paths with any consistency.
The mixture removed ice at a rate closely resembling that of straight
calcium chloride.

10. Sodium chloride (evaporated salt) was found to have a high rate
of ice removal in the first 20 minutes after application but fell off
rapidly after that time.

11. Mixtures of sodium chloride with abrasive and calcium chloride with
abrasive were found to be relatively ineffective for ice removal from
pavements, particularly at temperatures below about 15°F.

Outdoor Storage
1. Calcium chloride (pellets or flakes), and mixtures of sodium chloride

with at least 25% calcium chloride, can be stored outdoors in bulk
with a light polyethylene sheet cover for at least 10 months without
appreciable hardening.

2. Sodium chloride (rock salt) can be stored outside up to two months
in bulk when covered with a light polyethylene sheeting. Bulk storage
of sodium chloride beyond three months appears to be unsatisfactory.

3. Packaged sodium chloride (100 lb. bags) may be stored outdoors with
a light polyethylene sheet cover for at least 10 months with no appre-
ciable hardening.

Ice Removal
On the basis of the limited test data for the Minnesota study,

the following general conclusions are indicated;
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A research program on the use of chemical mixtures of calcium
chloride and rock salt was conducted on three selected sections
of the New York State Thruway during the winter of 1958-59.
One of these sections of 32 miles was used to test the chemical
mixture. Results were then compared with the results of normal
maintenance procedures using salt and abrasives for the two other
selected sections. 1

1. The chemical mixture has a much faster melting action than straight
salt. This action results in a bare pavement sooner (with a comparable
reduction in time and use of equipment). The farther the temperature
dropped below 30°F., the greater was the difference in time of melting
action between the chemical mixture and the straight salt, favoring
the mixture.

2. With temperatures in the mid 20’s after a storm ends, the pavement
was cleaned in 15 to 20 minutes after spreading the chemical mixture.

3. The chemical mixture used with abrasives holds them to the pavement.
It prevents the abrasives from being swept off by the wind and traffic
much better than straight salt.

4. With a sudden drop in temperature, and slush on pavement, when using
rock salt, the pavement can become glazed, thus requiring an addi-
tional application of salt to obtain a dry pavement. By using the
chemical mixture no glazing occurred when similar temperature con-
ditions were encountered.

5. The test section increased by about 20% the spread of chemicals per
truck over that obtained with straight salt due less throw off and
bounce. Formerly, the maximum spreading speed was about 25 mph.
With mixtures, the spreading speed was increased to 30 mph. This speed
increased the length of spread from an average of 15 to 18 mi. It
decreased the amount of materials spread from about 750 lb. per mi.
to 600 lb. per mi.

6. A premixed (25-30 tons) stockpile of calcium chloride and salt was
prepared during fair weather for use during the early part of storm.
No protection from the weather was necessary. Crusting did not occur
except after a rain, when the premixed pile developed a 2-in. thick
crust easily broken during later handling. Several times this type
stockpile was successfully kept for over a week before using

7. A satisfactory mixture for most all storm conditions was two parts
mixed chemicals (1:3 calcium to salt, by weight) mixed with one part
abrasives. This mixture was nearly as effective in melting action as
clear chemical and provided abrasives for skid protection. This mix-

1 Full discussion in Highway Research Board Bulletin 252.

New York Thruway Test

The following conclusions were made after observing the use
of calcium chloride and salt mixtures in the test section:
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ture is more economical than using straight salt and better results
were obtained with it.

8. One observation noted from the use of calcium chloride with rock
salt is the lack of visible salt residue, which with straight rock salt,
is deposited on pavement and shoulders. This salt residue is apparent
on the pavement for several days after a storm; it was, as late as
spring, still obvious on the shoulders and mall along the pavement
edge in the other two sections. It is assumed that it was because
of the use of calcium chloride that very little of this salt re-crystalliza-
tion was noted in the chemical mix test section.

9. It was found that spreaders could not be kept standing loaded with
calcium chloride and salt for more than several hours in a warm gar-
age without caking starting to occur in the spreader box. Therefore,
spreaders were not preloaded with the chemical mixture. Immediately
after a storm, each truck, spreader, and spreader box was rinsed free
of all calcium and salt.

10. Some difficulty was encountered by calcium chloride caking on the
wii'es of unprotected spreader motors, and motors of equipment used
to load calcium chloride, by shorting the ignition. For this reason,
there was difficulty at times starting equipment previously used. This
difficulty was corrected to some extent by (a) covering openings around
the spreader motor, such as around the exhaust pipe; and (b) by wash-
ing down the equipment with hot water after use.

Other Advantages of Using Calcium Chloride. There are other
advantages obtained by the use of calcium chloride which a mone-
tary value is nearly impossible to assign. As pointed out in the
article cited above, if the use of calcium chloride results in clear
and bare pavement in a shorter time, this, in turn, would result
in not only less overtime for the maintenance forces, but will also
result in fewer accidents and slide-offs due to slippery pavement.
While no records are available for obtaining a comparison of the
slide-offs in previous years, it is believed that there were fewer
propertly damage reports and fewer cases of automobile slide-offs
from the pavement in 1958-59 than in previous years. This results
in better public relations due to safer conditions for the traveling
public. Certainly time and consequently economy is realized by
normal traffic flow resulting from bare pavement.

Some comparison should be made as to the relative cost of the
calcium chloride and salt. Prices delivered to the test area for
the winter season are as follows: calcium chloride, $28.50 per
ton; rock salt, grade CC, $13.65 per ton; and abrasives, $2.00
per ton.
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At this price of materials, the cost of a ton of calcium chloride
and salt mixture at the 1:3 ratio, (by weight) is $17.36 per ton.
This is an increase of $3.71 per ton (27.2 percent over the cost of
a ton of straight salt.) It was noted that the 530 tons of salt
saved was a saving of 17.6 percent. Because the addition of calcium
increases the cost 27.2 percent, approximately an additional 10
percent savings should be realized from the saving in time, labor,
and equipment to obtain comparable costs with straight rock salt.

Abrasives with the chemical mixture provide a combination
cheaper per ton than the cost of rock salt.

A mixture ratio of 2 parts chemical to 1 part abrasive (by
volume), which cost $10.95 per ton, was tested. Though cheaper
than straight salt, this mixture proved to be an excellent all around
results. It was used under almost all storm conditions, with greater
effectiveness than straight salt, and provided abrasives for skid
protection.

Summary. The 1958-59 winter operations definitely pointed to
the benefits than can be obtained by the use of calcium chloride.
The calcium chloride greatly speeded up the slower melting ac-
tion of rock salt and a mixture of the two chemicals tends to com-
bine the advantages of both chemicals making the mixture more
effective than the use of either chemical alone. With the use of
straight salt it has been felt that a great deal of melting action
of the slower acting salt has been wasted due to the frequency of
the plowing operations. With the calcium chloride starting the
melting action immediately, many more benefits are obtained.

In summarizing the results of this test program, it should be
stressed that while much was learned about the use of calcium
chloride, different proportions and mixtures were experimented
with, which are not always economical.

The Ontario Department of Highways conducted tests during
the 1957-58 winter relative to use of chemicals and abrasives on
highway snow and ice removal. Some pertinent conclusions from
its report are quoted below.1

Ontario Study

1 Highway Research Board Bulletin 252
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“The primary objective of this study was an attempt to evaluate, in
the laboratory, the ice and snow melting properties of chemicals and
chemical mixtures which are commonly used by street and highway au-
thorities.

“At the outset, it was necessary to develop a testing procedure which
would provide reasonably reliable and reproducible data, since other in-
vestigators suggested that certain erroneous results were due to deficiencies
in the testing method. Statistical analyses of the data reported in this paper
indicated reasonable assurance that the test method used would meet the
specification of reproducible results. A warning should be issued at this
point that the results reported in this study may be expected to differ con-
siderably from those obtained by other researchers since different testing
methods have been employed.

“The three main variables, reaction time, temperature and concentra-
tion, considered in this study to be measures of the melting properties
of the chemical, were found to produce results which would have been
expected. However, the statistical analysis of the data indicated significant
interaction effects which implied that no single variable could be con-
sidered separately. This simply means that each variable contributed signif-
icantly to the ice and snow melting characteristics of the chemical or
mixture and in some way each variable influences the effect of the
others. . . .

“The effect of mixing sand with rock salt was generally one of inhibit-
ing the melting action. The melt retarding effect of the sand was found
to be almost directly proportional to the percentage of sand used in
the mixture. It is possible that traffic might counteract this retardation
effect to some extent by bringing more salt into contact with the ice. This
theory was not tested, and therefore, no definite statement concerning the
traffic variable can be made at this time. However, on the basis of the
tests performed it appears that attempts to obtain combined abrasive and
melting action by mixing rock salt and sand will certainly result in a re-
duction in melting effect because of the dispersion of the salt in the sand.

“By means of a regression analysis it has been possible to develop mathe-
matical expressions relating the melting characteristics of the chemicals
with the main variables tested. These mathematical expressions have been
used to develop the tabulations showing the amount of chemical required
to melt various quantities of snow under a variety of conditions of tem-
perature and melting time. By means of these tables it is also possible to
make cost comparisons of the various chemicals tested when used under
a given set of conditions.

‘The test data indicate rather conclusively that the melting of snow
by means of chemicals should be considered only when the fall of snow
is relatively light. It is apparent that heavy falls of snow will necessitate
the use of mechanical methods for snow removal. . .

.”

Asphalt Institute Test
Asphalt Institute research engineers conducted a laboratory

study on the effect of common de-icing salts on asphalt pave-
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ments. 1 Results show de-icing salts are harmless to asphalt pave-
ments. Three types of asphalt were used in the test.

Several papers were presented at a symposium of the U.S. High-
way Research Board in 1962 which considered the effects of de-
icing chemicals on structures. 2 The Board was concerned with
growing numbers of reports of bridge floor and deck deterioration
in portland cement concrete structures, over the past few years.

‘•As illustration of the severity and extent of the damage”, the
report stated, “the recent annual need for bridge deck repair
or replacement amounted to some 250 structures per year on
one throughway system, with a total replacement program of
at least 750 structures. These replacements varied in severity
from progressive surface deterioration to complete disintegration
down to the bridge stringer system.” 3

While the report noted that “the grief seems, in many cases, to
coincide with the beginning of the ‘prevent icing at all costs’
era. .

.” the evidence is too conflicting to pin the guilt solely on de-
icing agents. On the contrary, there is strong belief in some quar-
ters that “one of the major causes of the vulnerability is a break-
down in field inspection and a failure to observe the known sound
practices of mixing, transporting, laying and curing concrete”.4

As stated in one paper, “The fact that the major defects were
apparently rare before the extensive use of de-icing agents clearly
indicates the existence of relationships between the use of de-
icing agents and the development of destructive concrete deteriora-
tion. However, because it is conceivable that changes in, or re-
duced control of, other factors may have occurred simultaneously
with the development of de-icing practices, other possible primary

CHAPTER V.
STRUCTURAL ASPECTS OF DE-ICING CHEMICALS

General

1 Reported in American City, New York, N. Y., August 1963.
2 Highway Research Board Bulletin 323, Washington, D. C. (1962).
3 Op. cit, p. 1.
4 Ibid.
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or contributory causes are also suspected.”4 This paper was con-
cerned with investigative techniques which would determine
whether de-icing agents are a primary cause of bridge deck
deterioration or whether their application merely accelerates
development of defects in concrete that other factors have made
susceptible to deterioration. Among defects that were to be in-
vestigated are cracking; the “fracture plane”, which precedes a
splitting off or shelling out of the surface layer of the deck; pot
holes in both incipient and advanced stages; surface mortar
deterioration, somewhat similar to salt scaling; pitting; popouts,
i.e., a splitting out of a cone shaped piece of concrete; scaling or
peeling; spalling or chipping; and raveling, i.e., progressive dis-
integration from edges inward.

In 1960 the Illinois Division of Highways began an investigation
into the disintegration of concrete bridges.2 It was observed that
both new and older bridges were suffering from this malady. This
development disturbed the state authorities because almost every
bridge built over the previous dozen years was constructed with
air-entrained concrete. Use of air entrainment was required for
these structures in 1947 after demonstration of its effectiveness
in resisting the effects of weathering, and particularly ice-removal
salts. State authorities completed the first phase of their investiga-
tion in 1960, which involved inspection of all bridges built from
1947 through 1959. A preliminary analysis of the data collected
was reported on at the symposium. A total of 879 bridges were in-
cluded in the investigation and district personnel were instructed
to report by adjective ratings the degree of scaling, aggregate pop-
outs, surface pitting, hairline cracks, larger cracks, and leaching,
separately for the deck, gutter, hubguard and sidewalk. Certain
construction information and sources of materials were also in-
cluded in the report.

There is no conclusive evidence that ice removal salts are re-
sponsible for damage to structures; in fact some contradictory

Bridges and Air Entrained Concrete

i op. at. p. 3.
2 Preliminary findings reported in Highway Research Board Bulletin 323,

np. 12-14.
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data were obtained. Nevertheless, some significant indications
warrant discussion. First, laboratory investigations have shown
that sodium chloride and calcium chloride have damaging effects
on concrete. There appears to have been a marked increase in
scaling on bridges in recent years coincident with a greatly ex-
panded use of ice removal salts. At least the problem has become
more apparent.

The fact is striking that about the same percentage of the bridges
built between 1954 and 1959 during a period of heavy highway salt
use, have suffered damages as have those built during an earlier
period of 1948 to 1953 when salt use was only l/6th of that applied
in the later period. Another explanation may be that due to in-
creased use of ice removal salts in recent years, newer bridges prob-
ably had heavier applications of salt during the first six months
after construction when it is known that even air-entrained concrete
has not developed its maximum resistance.

Some of the data are contradictory. For example, Illinois is a
state with variable weather conditions. It touches Wisconsin on
the north, and borders on Kentucky, some 400 miles to the south.
The snowfall and frequency of snow storms usually decreases from
north to south. Two-thirds of ice-removal salts used over a five
year period ending in 1959 were used in the northern part of the
state.

It would therefore be expected that bridges in the southern part
of the state, might show less damage, because they receive less
salt. However, factual data did not so develop, not even when
the comparison is limited to the northernmost versus the southern-
most districts. In general, about the same percentage of bridges
show damage in both locations. It may be that data are obscured
by other factors. This phase of the investigation did not cover the
magnitude of damage. “As matters now stand the reasons for dis-
integration of concrete bridges are based largely on speculation.” 1

Among recommendations resulting from the Illinois survey in
the order of listing are (1) an all-out effort to improve and assure
the quality of concrete used in structures and pavements, (2)
improved drainage design to facilitate removal of brine and abra-

1 J.D. Lindsay, Engineer of Materials, Illinois Division of Highways, ov cit.
D. 14.
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sives from bridge surfaces, (3) tighter controls over construction
practices to prevent reducing the quality of concrete, (4) better
maintenance and (5) an intensive search for less corrosive ice-
removal agents.

Wisconsin, lacking any significant technical data on this subject,
based its symposium report on field observations of structures. Be-
ginning in 1956 Wisconsin adopted the bare pavement policy and
began to use straight chemicals. It was observed that “concrete
pavements have undergone more surface deterioration in the past
five years than for several years before the use of salt.” 1 How-
ever, the one outstanding fact uncovered is “the obvious lack of
any set pattern or factor that can be pinpointed as the major
trouble spot.”2 A number of structures built more than 25 years
ago show no sign of surface scaling while a few built within very
recent years, display evidence of serious deterioration. There seems
to be little correlation between structures on major traffic arteries
and those on secondary roads even though higher traffic volumes
normally require more frequent chemical applications. Some struc-
tures show scaling only in certain spans of a multi-span arrange-
ment whereas others exhibit scaling uniformly throughout the
structure length.

The Wisconsin paper noted that since 1947 air-entrained con-
crete has been used exclusively for bridge decks. Air-entrainment
increases resistance to freeze-thaw cycles and resultant surface
scaling but the report added that air-entrainment alone cannot
provide the answer. Deficiencies were found to exist in construc-
tion practices. Air-entrainment is only partially effective unless
rigidly controlled during construction operations. Several other
careless construction operations that were found to exist were also
listed, and general up-grading of inspection standards, with addi-
tional emphasis on the workmanship of contractors, was recom-
mended to minimize the surface scaling problem.

Field observations led the Wisconsin maintenance engineer to
conclude that “a number of factors are involved in the problem of
damage to bridge floors through the use of de-icing agents and it

1 C.E. Ater, Maintenance Engineer, Wisconsin Highway Commission, op. cit
p. 15.

2 Ibid
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would not appear logical to assume that any single factor can be
considered as the sole cause. Additional research is necessary to
evaluate the problem properly and provide an answer, if an answer
can be found.”

Significantly, a discussion of lowa’s experience also put empha-
sis on construction operations and inspection in meeting the prob-
lem of surface scaling. An lowa survey committee “was quick to
realize that finishing, curing, and inspection techniques should be
improved . . . (and) that better finishing and curing techniques
and better inspection should contribute to the solution of the scal-
ing problem.” 1

In general, it may be said that some of the findings in these
studies tend to support the claim of the Portland Cement Associa-
tion that scaling is directly related to the absence of adequate air-
entrainment in concrete.

Most of the scaling on bridge superstructures develop in curb
faces, sidewalk sections, concrete railing posts, divider strips, gut-
ter areas, and only occasionally in the deck slab in the traffic lanes.
Further, the scale pattern in most cases is generally sporadic rather
than continuous. Scaling manifestations may be accelerated by
frost action in the presence of de-icing chemicals. However, scaling
often occurs without the presence of de-icing chemicals under cer-
tain concrete conditions.2

The problem of concrete scaling is not new to highway engineers.
During the 1930’s highway engineers were vitally concerned with
such scaling on pavements and structures. This phenomenon be-
came more serious in northern states as the use of de-icing chemi-
cals increased, especially after World War 11.

The serious situation led to laboratory and field tests by many
agencies. The resultant discovery of the principle of air entrain-
ment brought application of this principle to concrete construction
practice to produce more durable pavements. Several years later
bridge designers also accepted the principle.

Experience with air entrained concrete in bridge deck construc-
tion over the past 15 years has been less successful than in high-

1 op. cit. p. 21.
2 E. A. Finney, Director, Research Laboratory Division, Michigan State High-

way Dept. op. cit. p. 26.



1965.] SENATE —No. 2. 47

I

way construction. This may be attributed to several factors in-
herent in the construction of bridges as compared to pavements;

First, bridges are usually built in segments involving complicated
form work containing bar reinforcement of different sizes, shapes,
and patterns, all of which add to the complexity of obtaining uni-
form concrete. Second, the handling, finishing, and curing opera-
tions are done largely by hand labor. Bridge concrete is either
manufactured in the contractor’s plant on the site, which is not
necessarily a continuous process, or furnished by transit-mix opera-
tors, giving rise to recognized control difficulties. Finally, because
of snow removal difficulties, bridge decks, and bridge sidewalks in
particular, are subject to continuing deposits of snow and ice con-
taining de-icing chemicals, more severe than on pavements.

All these factors create a situation within any one structure call-
ing for not only vigilant inspection and rigid enforcement of specifi-
cation requirements but also administrative support of the project
engineer and his inspection staff. On the other hand, the contractor
and his men must have the willingness to follow the specifications
and perform good workmanship in all phases of the job.

The results of many surveys of scaled bridges in Michigan, for
example, clearly indicate that concrete weaknesses conducive to
subsequent scaling and surface deteriorationare, for the most part,
built into the structure at time of construction due to violations of
one or more of these basic principles.

According to the Chief Maintenance Engineer of the Massachu-
setts Turnpike, “The use of chlorides is not detrimental to the
surface of a bituminous concrete pavement. This is the type of
pavement used on the turnpike. The bridge decks, however, are
surfaced with cement concrete. In general, these decks have suf-
fered no deterioration; although we have used salt in liberal quanti-
ties for the past seven winters. We have experienced some pitting
of the surfaces of the concrete bridge decks; but in my opinion, this
pitting was caused by factors other than the use of salt. The
drainage facilities have not been detrimentally affected through
the use of salt. A concrete bridge deck, if properly designed and
properly constructed and if it contains the optimum percentage of

Massachusetts Turnpike Bridges
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air entrainment, should be able to resist the destructive effects of
either calcium chloride or sodium chloride.”

It appears to be the consensus of highway maintenance au-
thorities that the most outstanding cause of sporadic deterioration
of concrete in various parts of modern air entrained concrete struc-
tures is the use of concrete of variable quality resulting from con-
struction irregularities.

Over the years engineers have experimented with different ma-
terials and surface treatments in an attempt to protect new and
old concrete surfaces against the destructive action of de-icing
agents. Experience described above now indicates, however, that
such preventive measures are generally unnecessary in the case of
sound, properly cured, air entrained concrete.

Because it now seems impossible to construct every bridge as a
scale free structure, engineers keep searching for the panacea to
protect bridges after opening to traffic. In this connection, three
important factors should be considered: (a) resistance of new con-
crete to de-icing agents, (b) maintenance practices, and (c) sur-
face treatments.

It is argued that the best insurance against scaling is completing
deck construction as early in the year as possible to allow more
time for the concrete to build up an immunity to chemical action.
Experience indicates a minimum 30-day curing period at 50°F.
or above before applying de-icing agents should be ample for sound
concrete with proper air content.

Two important features of bridge maintenance that may en-
courage scaling and damage to borderline concrete are (a) failure
to keep bridges clear of chemical laden accumulations of snow and
ice along the gutter and on sidewalk sections, and (b) failure to
remove soil, debris, and other obstructions along the gutter which
can interfere with the bridge drainage system. Water and salt
solutions standing in gutter areas or retained in damp soil for
long periods may saturate the underlying concrete and make it
more susceptible to frost action and scaling. Standing water also

Preventive Measures After Construction1

1 E. A. Finney, op. cit. p. 35.
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may seep through construction joints and cracks, causing interior
damage to the concrete deck and substructure.

Various surface treatments have been developed intended for
application to new concrete to seal the surface and thus prevent
damaging action of de-icing chemicals during at least the first winter
and as long as possible thereafter. Experience indicates that such
treatment may delay but not prevent concrete from scaling when
surface weaknesses become an inherent part of the structure
through improper construction practices. Experience also indicates
that bridges that survive the first winter without scaling usually
remain scale free for a good many years or until some deep-seated
weakness makes its appearance through causes other than action
of de-icing chemicals; for example, spalling, cracking, deep pitting,
or general abrading of the surface.

One authority concludes1 that “The problem appears to be one
of strict adherence to specification requirements, elimination of
construction irregularities through proper control procedures, and
requiring sound maintenance practices.”

The U. S. Bureau of Public Roads has also conducted a series ot
tests to determine resistance of concrete surfaces to scaling by de-
icing agents.2 Test materials involved more than 300 slabs sub-
jected to 154 cycles of outdoor freezing and thawing by calcium
chloride. Additional tests were made to study the effect of various
protective coatings and various admixtures on the scaling of con-
crete caused by de-icing agents. These tests indicated that sur-
face protective coatings were, in general, of little benefit in pre-
venting scaling. Some of the admixtures were beneficial in pre-
venting scaling. However, “The increased resistance to scaling in
most cases appears to be related to the air content and the water
cement ratio of the concrete”.3 Of the several de-icing agents
tested, calcium chloride was found to be the most effective and to
cause less scaling of concrete. Among preventive measures sug-
gested to reduce or prevent scaling are the elimination of water-
proof coatings or sheetings on the subgrade, reducing the water
cement ratio and permitting concrete to dry before it is first frozen.

1 E. A. Finney supra
2 HRB Bulletin 323, pp. 43-62.
3 op. cit. p. 43.
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For concrete placed shortly before freezing is anticipated, wet cur-
ing of the concrete should be minimized.

Considerable experience with salts on the New York Thruway
has produced some important findings. Sodium chloride, calcium
chloride and sand are used on this toll road. Generally speaking,
the application of de-icing agents in substantial quantities has had
little effect on the concrete roadway pavement. This is chiefly
because all such pavement was built with concrete con-
taining from 4% to 6% of entrained air. Structures, how-
ever, tell a different story. All except those built near the end of
the construction program contain a mixture that is about 2% to 3%
of entrained air and is not enough to afford the desired protection
from saline solutions. “Those structures containing the greater per-
centage of air display markedly greater resistance to damage.1

One other contributing factor to the rapid deterioration of bridge
pavements was the fact that these pavements were constructed as
four-inch thick wearing courses on previously built structural con-
crete decks. Salt water infiltration into pavement joints could not
be prevented. From there it found its way underneath the pave-
ment to all points of the bridge deck which it promptly proceeded
to attack in two ways. If the salt solution was strong enough,
chemical deterioration occurred. If the salt solution was weak,
freezing occurred and cracking of the thin pavement overlay re-
sulted. The cracks provided additional opportunity for subsequent
infiltration.

Special New York Thruway maintenance personnel was equipped
and trained to handle preventive and corrective maintenance and
the progressive deterioration of concrete in nearly 800 bridges was
arrested. To counteract the effects of salt brine and water leak-
ing through the bridge expansion joints to the piers and abut-
ments, painting practices for the steel members in the structure
have been modified.2

Kansas Bridge Observations
A recent report by the Kansas State Highway Maintenance En-

gineer to the American Association of State Highway Officials on
i C. H. Lang, Chief Engineer, op. cit. p. 63.

2 For a discussion of paint components, see HRB Bulletin, 323, p. 65.
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bridge deck deterioration1 contained the following language:
“Although there is considerable debate as to whether de-icing salts play a

physical or a chemical role or even have an effect on bridge deck deteriora-
tion, both field evidence and laboratory studies in Kansas show that the use
of these salts greatly accelerate scaling of concrete. In addition, the chlorides
contribute to the rusting of reinforcing steel which is associated, not necess-
sarily in a cause and effect relationship, with concrete spalling. The
combined effects of all of these were being noticed as early as 1953 in deck
deterioration; five years later it was a major problem.

This Kansas report concluded that a more frequent examina-
tion of bridge decks was necessary and that visual inspection was
not enough. It also recommended, as a preventive measure, that
“all decks be sealed with a water repellent substance . . . then
covered with the conventional bituminous seal for a wearing sur-
face, using carefully selected and trained crews.”

Water is considered to be the principal enemy in structural
maintenance since water destroys concrete, rusts steel, and rots
timber. Moreover, when water contains salt, this damage to steel
and concrete is multiplied many times. Logic, therefore, dictates
that an attempt be made to waterproof steel, concrete and timber
when they are used. Dense concretes with air entrainment ma-
terials and other additives are being used for integral waterproof-
ing. For surface waterproofing, paints, asphalts, resins, bakelites,
coal tars, silicones and various trade name products are employed.

There has been a tendency in the past to regard an asphalt sur-
facing as protecting a concrete deck from salt scaling and freeze-
thaw damage. Experience in Ontario has been to the contrary; an
asphalt overlay traps a lot of salt onto the concrete surface. The
salt solution penetrates under the asphalt at the curbs and seeps
through voids and cracks on the overlay itself.

In a highly technical paper on protective surface coatings for ex-
posed or asphalt surfaced concrete, an Ontario research engineer
stresses the critical importance of ensuring a low moisture con-
tent in “sealed” concrete. Three observations are worthy of note.
First, where metal forms are used on the underside of bridge decks

Asphalt Surfaced Concrete

1 La Rue Delp, “Bridge Deck Deterioration and Repair Techniques.” AASHO
Conference, Portland, Oregon, 1963.
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and then left permanently in place, a watertight mold is formed.
If the concrete in the deck within this mold is then sealed on top
as well, or if the seal is not quite perfect, a potentially dangerous
condition exists. The concentration of water and salt might build
up in the concrete, inasmuch as there is no route for evaporation
or drainage until subsequent freezing caused failure.

A second observation relates to a similar potentially dangerous
condition. One experimental sealing method that was successful
in preventing premature icing of the roadway reduced the number
of freeze-thaw cycles that concrete would go through in a winter.
But the drawback was that additional moisture was sealed in by
the experimental waterproof coating causing potentially greater
damage.

Thirdly, a surface coating that completely covers all the sur-
faces of a concrete section being protected is likewise potentially
dangerous since the concrete has no opportunity to breathe.

A principal conclusion of the Ontario research study is that a
close look should be taken at design and construction practices.
“No form of surface coating will completely overcome construc-
tion or design defects that either lead to water, especially salt
water, being trapped on bridge decks or to inferior quality con-
crete being placed or to inferior finishing of good concrete.”

Another conclusion is that adequate drainage must be provided
to the concrete surface of an asphalt surfaced bridge. This should
include providing sufficient deck camber and crown together with
an adequate gutter drainage system, to get the water and salt
solution off the concrete.

In 1961 the President of the Calcium Chloride Institute1 pre-
sented a paper to a conference of concrete industry officials in
which he discussed problems of ice removal from pavements. This
section is based largely on that paper. He pointed out that de-
icing agents, of whatever nature, may contribute to the damage
of some concrete unless suitable precautions are taken. Precau-

Scaling Problem

1 Wm. E. Dickinson. Published by National Ready Mixed Concrete Assn Pub
No. 98, (1961) Washington, D.C.
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Taking up the oft repeated claim that de-icing agents are the
cause of increased scaling of concrete surfaces, the paper quotes a
German report on effects of de-icing agents: 1

“Tests conducted with a view to ascertaining the cause of damage yielded
. no indication that the de-icing salts affect the concrete by chemical at-

tack, osmosis or crystallization pressure. It was shown, however, that the
damage was caused by the consumption of melting heat and the consequent
rapid cooling of the upper layers of the concrete. The sharp changes in tem-
perature produce stresses in the inelastic and already frozen layer of fine
mortar which cause disintegration.

“At temperatures only a little below freezing point unfrozen water may
still be present in a deeper zone parallel to the surface of the concrete. The
rapid cooling of the concrete causes this water to freeze very quickly and this
produces spalling of the whole layer above it. Both types of damage are
thus due to the very rapid cooling of the concrete.

“This sudden cooling constitutes a danger even to concrete which is other-
wise frost-resistant. No damage occurred when an air entraining agent
was used, which produces well distributed free pore space in the concrete.
The sealing layer of fine mortar is thereby also made more resilient and its
tendency to disintegrate is reduced. With air entrained concrete, freezing
of water in the deeper layers does not cause spalling, as even rapidly
arising stresses can be taken up and equalized by the free pore space.”

Citing research conducted by the Portland Cement Association
and others, the paper stressed that scaling attributed to salts is not
a chemical attack; a claim substantiated by studies where sodium
chloride, calcium chloride, and ethyl alcohol were used in varying
concentrations on non-air entrained and air entrained concrete.
On the non-air entrained concrete tested, all of these materials
caused “salt” scaling under the severe conditions of test, and not
on the air entrained concretes. Further substantiation is that
higher quality, properly cured air entrained concrete is not sub-
ject to such attack. Even non-air entrained concrete of good quality
has shown resistance to scaling.

1 English Title; The Effect of Frost and De-icing Salts on Concrete with and
without Air Entraining Agents. (Hartman, Else. Zement-Kalk-Gips).

tions included “use of the de-icing agent as recommended by the
manufacturers and attention to the condition of the concrete.”

The following discussion of factors that contribute to surface
scaling of concrete reflects the view of the Calcium Chloride
Institute.
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It can be said that proneness to surface damage may be con-
tributed by:

(a) The use of over-wet concrete which results in a surface con-
taining an excess of water and fines;

(b) Improper finishing, the effects of which are particularly ac-
centuated by the use of over-wet concrete;

(c) Inadequate curing and insufficient aging before the concrete
is exposed to severe weather or other aggressive agents.
Ponding, seven days wet earth or straw, and extensive wet
burlap curing were used extensively years ago and in the
opinion of many, today’s more economical methods may be
less effective;

(d) Improper use of de-icing agents. As previously indicated,
de-icing salts are often credited with causing scaling of con-
crete, in many cases where they have not even been used.
Certainly the scaling problems which developed in the 1930’s
could not be generally attributed to de-icing salts since at
that time their used was quite limited. It has only been
since the late 40’s that their use has reached major propor-
tions. Presently, according to published figures, approxi-
mately 4 million tons of rock salt (sodium chloride) are used
annually for this purpose, and approximately 200,000 tons
of calcium chloride.1

Concrete with one or a combination of these conditions will be
damaged by freezing and thawing and exposure to ice and snow,
or even by less severe conditions, whether or not de-icing agents are
used and that is true whether the concrete is non-air entraining
or air-entraining. If the concrete is air entrained, it is likely that
the surface will present the principal evidence of distress; if it is not
air entrained, general disintegration is likely under freezing and
thawing conditions.

Air entrained concrete, placed at the proper consistency, properly
finished and adequately cured and aged, is highly resistant, and
under most conditions substantially immune to freezing and thaw-
ing. Recognized de-icing agents may be safely used on such con-
1 1964 figures are substituted for 1961 figures originally compiled by Calcium

Chloride Institute.
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Crete with little or no danger of harmful effects. Judicious use of
these agents is always of course desirable.

The situation then is this. Concrete can be produced which will
not scale when exposed to frequent cycles of freezing and thawing
and use of de-icing materials. As described above, under certain
conditions and depending on a number of factors, concrete will
scale. De-icing salts are being used and will continue to be used
on streets and highways and by home owners on sidewalks and
driveways.

Thus, to assure satisfactory service from concrete pavements,
driveways and sidewalks, the following requirements of concrete
to make it resist scaling are suggested by the Calcium Chloride
Institute.

1. It shallmeet required strength;
2. It shall contain recommended quantities of cement, water

and entrained air;
3. It shall be properly mixed, placed, finished and cured on a

suitable sub-base;

4. Use of chemicals for ice removal shall follow recommended
procedures.

The chemical industries have made important contributions to
the knowledge of best procedures for use of de-icing materials.
This involves use of minimum quantities of chemicals to remove
ice followed by removal of the brine and slush by mechanical
means. (As an example of proper use of chemicals, consider winter
maintenance of highways: It would take about 8,000 pounds of
sodium chloride or calcium chloride to melt one-eighth inch of ice
from a mile of two-lane road at 20 °F. Experience proves that 300
to 500 pounds will do the job with traffic to help with the removal).
The Calcium Chloride Institute urges that chemicals should not be
used on concrete less than one year old unless special precautions
are taken. In the case of non-air entrained concrete, this should be
a minimum of one year and up to four years prior to use of de-icing
materials.
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There is one other consideration in prevention of pavement scal-
ing. Where scaling may become a problem due to one of the above
factors, particularly in the case of non-air entrained concrete, there
has been some success by use of sealing compounds to prevent
entry of water and brine into the surface of the concrete. Protec-
tive coatings have not been universally successful and often pro-
vide protection for only a limited period of time. However, such
coatings can solve the problem by allowing the concrete to achieve
proper maturity before being exposed to freezing and thawing
without protection. The lowa Highway Department has used lin-
seed oil to seal all concrete that either is not ten years old or not
air entrained. It has done the same to concrete placed after Octo-
ber 15 even though air entrained.

Among the protective coatings found to be most successful are
commercial boiled linseed oil and soy bean oil. Both the linseed oil
and soy bean oil are mixed with gasoline, naphthol, mineral spirits
or turpentine for the first application so that they are thin enough
to penetrate pores of concrete and dry rapidly. Usually two appli-
cations are recommended.

Use of new latex mortars for highway maintenance has still to
be fully evaluated, but their success so far has aroused much interest
among public works engineers in general, and highway engineers
in particular.

The recent issue of a concrete industry trade journal warned
against use of various de-icer agents on the market.1 It pointed
out that chemicals which were extremely corrosive to the best
quality air entrained concrete were widely sold during the 1961-
1962 winter. The article strongly endorsed use of sodium chloride
and calcium chloride, as being “adequately effective for snow and
ice removal” and “without any harmful effect to air entrained con-
crete.”

Condemned salts that are energetically promoted for snow and
ice removal contain large quantities of ammonium nitrate. The

Protective Coatings

Dangers From Use of Wrong De-icers

1 William Lerch “Warning! Use the Right De-Icer,” Modern Concrete May
1962
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article agrees that they are effective for de-icing but also “ex-
tremely corrosive to concrete”. They are sold under trade names
that conceal their chemical composition.

Scaling Problems on Neiv Pavements
The Portland Cement Association (PCA) attributes the surface

scaling of concrete pavements to the widespread use of sodium
chloride and calcium chloride.1 The extent and severity of the scal-
ing depend upon the amount of salts used and the frequency with
which they are applied. Generally, PCA states, scaling develops
in those locations where heavy or frequent applications of salts
have been made, particularly at points where good traction is re-
quired. Even pavements which would give excellent service under
all other exposures may be damaged by heavy salt applications,
especially if they occur early in the life of the pavements. Concrete
pavements under four years old are much more vulnerable than
are pavements of greater age.

Research carried out by PCA with federal, state and local co-
operation indicates that concrete produced with air entraining
Portland cement has excellent resistance to severe frost action and
to salt applications. On the other hand, concrete made under the
same conditions without air entraining material may be seriously
damaged.

Accordingly, the PCA states that “in view of the extensive and
conclusive evidence gained from researches and field experiments,
the Portland Cement Association strongly recommends the use of
air entraining Portland cements for the construction of concrete
pavements, bridge floors, etc., in areas where severe frost action
prevails or where the repeated application of sodium chloride, cal-
cium chloride or granular materials impregnated with these salts
is anticipated.”2

The PCA has recommended that certain protective treatments
be given concrete pavements where the use of sodium chloride or
calcium chloride for ice and snow removal is deemed necessary;

1 “The Elimination of Pavement Scaling By Use of Air Entraining Portland
Cement.” Portland Cement Association, Chicago, Illinois HB 18.8

2 op. cit.
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unless experience has shown that this is unnecessary in the particu-
lar locality.1

On concrete pavements less than about four years old that have
not been given the recommended protective treatment, the PCA
recommends that the use of sodium chloride and calcium chloride
be discontinued and that heated abrasives be substituted.2

It is worth noting here that New Jersey has special provisions
forbidding the use of salts within 500 ft. of a bridge structure 50
ft. or more in length. Only abrasives may be used in such areas,
although the abrasives may contain enough calcium chloride to
prevent the material from freezing.

Other tests conducted in the laboratory3 show that chemically
dissimilar material, inorganic or organic, salts or non-salts, which
function as de-icers also cause “salt” scaling “which more appro-
priately should be called ‘de-icer scaling.’ ”4 Secondly, it was found
that relatively low concentrations of de-icer produce more surface
scaling than higher concentrations or the absence of de-icer. Hence,
“it appears that the mechanism of surface scaling is primarily
physical rather than chemical.”5 Another finding was that no scal-
ing was produced when the concrete surface had no free water on
it during the freeze portion of the freeze thaw cycle.

While it may be said that there is no chemical action which
causes concrete to disintegrate, the water attracting facility of the
chlorides and their effect on the freezing temperature of aqueous
solutions has a detrimental effect.6 In this region where 80° to 90°
freeze thaw cycles are not unusual, the use of chlorides multiplies
the damaging effect. The salt increases the number of freeze-thaw
cycles and it is the increase in the water in the concrete that does
the damage, usually a “flake-off” or disintegrating action. The most
i “Protection of Existing Concrete Pavements from Salt and Calcium Chlor-

ide”, Portland Cement Association, Chicago, Illinois HBI-2.
2 op. cit.

Effect of De-icing Chlorides on Vehicles and Pavements, Highway Research
Board Bulletin No. 150 (1957).

4 supra
Effects of De-icing Chlorides on Vehicles and Pavements, Highway Research
Board Bulletin No. 150 (1957).

John McGovern, “Maintenance of Structures,” First Annual Highway Con-
ference, Massachusetts Department of Public Works, 1961.
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vulnerable area on Massachusetts bridges had been the cement
concrete curbing but this problem is alleviated on Massachusetts
state bridges by current use of granite curbing.

A study of bridge deck scaling was carried out at the Massachu-
setts Institute of Technology under the sponsorship of the Massa-
chusetts Department of Public Works. In the subsequent report 1

it was noted that several factors influence scaling, e.g., air con-
tent, age of pavement, type of finishing, atmospheric conditions
during placing of concrete de-icing agents and degree of satura-
tion. Of de-icing agents it was stated that calcium chloride and
sodium chloride “reduce the scaling resistance of concrete.” The
de-icers form salt solution which penetrate the capillaries and cause
disruption of the concrete pavements at an accelerated pace. Ex-
perimental evidence indicated that air entraining should control
this type of failure.

From the view point of the public, the most controversial point
about the use of salt on roads has been the increased corrosion
of automobiles. Some critics argue that all such rusting is due to
the salts spread upon roads and splashed up on cars. At the other
extreme, the statement is made that salt is not harmful to the
finish on cars.

Various investigations have been made of the effect of highway
de-icing salts on both the underbodies and the outer decorative
surfaces of automobiles. These include (a) laboratory tests under
controlled conditions to simulate road conditions, (b) field tests,
and (c) field inspections of automobiles of various makes and ages
in different sections of the country. Thousands of cars were ex-

M.I.T. Study

CHAPTER VI.

EFFECT OF DE-ICING CHEMICALS ON AUTOMOBILES

Results of De-icing Salts

1 Edward M. Krokosky and Amine M. Daouk, "Bridge Deck Scaling and
Organic Inhibitors.” M.I.T. Publication R 63-33 Cambridge, Mass., July 1963.
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amined to determine stability and durability of automobile paints
under different climatogical conditions.

It may be said that the enamels and lacquers used today on auto-
mobiles are relatively unaffected by highway salts. Corrosion
begins only when the finish is broken so that the brine solution
can reach the underlying metal. Once begun, corrosion spreads
under the paint film in all directions, lifting it and exposing the
rusted metal.

Breaks in the paint film occur in various ways, for example,
from gravel thrown up from the road and from blows to doors by
an adjacent car door when swung open in a parking lot. Breaks
can also be caused by poorly fitting parts of the car, e.g. hoods,
trunk lids, and moulding strips.

Pockets or crevices which retain water, snow or brine for long
periods of time also make the finish more susceptible to corrosives.
Automobile manufacturers are, of course, aware of this and in re-
cent years they have acted to diminish these points of trouble by
changes in design. Other preventive steps taken by car builders
include the use of undercoatings, and the dipping of automobile
sheet steel in special protective solutions prior to painting.

A monograph of the American Chemical Society (ACS) states1

that although salts have been in widespread use to combat snow
and ice for several years, ignorance and prejudice persist on the
matter of car corrosion. Salt and brine, as such, is said not to
cause corrosion. Rather, corrosion is due to the oxygen of the air
uniting with bare steel in the presence of moisture to produce iron
oxide, rust. Such corrosion took place long before de-icing salts
came into extended use.

However, once the protective paint film on a car has been
broken, salt and brine do considerable damage since cars operate
under conditions conducive to maximum corrosion of exposed steel.
For example, they are alternately wet and dry; the moisture film
is fully saturated with oxygen; the paint film is injured by flying
sand and gravel; fenders become scratched or dented; the car
stands for long periods under humid conditions in the garage.

1 MonographNo. 145, “Sodium Chloride”, p. 496.
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Chrome trim is particularly susceptible to rusting as it is highly
porous, and if moisture is present, may permit oxygen attack on the
underlying steel. The chrome trimmed bumpers, grillwork and
headlights, of course, take the brunt of flying sand and salt splash
in moving traffic.

The ACS article also points out that measurement of any ad-
verse effect of de-icing salts is complicated by the additional effects
of polluted industrial air which also promotes rusting. Inhibitors
for this condition discussed below, have not been of proved value.
Instead the ACS article states that adequate protection is provided
for automobiles by undercoating and frequent waxing, with parti-
cular attention being given to areas where the paint film has been
exposed, and to chrome trims.

The General Motors Corporation (GMC) has been actively
studying automobile corrosion. More than 20 years ago it began
surveying automobile surfaces in a number of cities to study the
performance of the paint finishes of all makes of cars. Initial con-
cern was related to failures of the paint film. But it soon became
evident that the proportion of cars showing corrosion failure was
much higher in localities using salt than in warmer climates where
ice removal was not required. For example, one survey in Detroit,
where salt is used, revealed that 58% of the cars examined showed
corrosion along chrome mouldings, while the comparable ratio
was only 35% in saltless Miami. Yet both rainfall and relative
humidity are much higher in Miami than Detroit.

Another survey compared corrosion of GMC vehicles in “salty”
Detroit with the corrosion exhibited by its models in certain areas
of New York and New Jersey that did not use salts. An increased
failure of the finish at the fender welt of the Detroit cars was re-
vealed. In still another survey the chrome trim of nearly 14,000
cars in 44 states was examined. Where little or no salt is used
on roads the condition of the chrome was considered good in an
average of 95.6% of cars examined. Where a considerable amount
of salt was used, the average of cars with good chrome trim was
only 80.4%.
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Some studies have been made with respect to the result of mix-
ing inhibitors with salt to reduce the latter’s corrosive effect. On
this score, a committee of the Detroit Engineering Society con-
cluded that “the use of inhibitors in the salt is of doubtful value
in protecting the exterior appearance of automobiles, but there is
some evidence that certain inhibitors may reduce the weight loss
of metals due to corrosion. 1 Another study of inhibitors produced
the finding that under controlled conditions in the laboratory in-
hibitors have some effect in reducing corrosion. But controlled
laboratory tests rarely approximate the variable field conditions.
Moreover conditions vary in severity from year to year and from
city to city.

Comparison then is certainly open to question. But surveys have
been repeated sufficiently to indicate that the car owner fails to
benefit from the use of inhibitors.

Another report relative to use of inhibitors by Canadian re-
searchers concluded that the necessarily large expenditure re-
quired to produce an adequate inhibitor to salt mix would not be
justified. The report also stated that the use of an inhibitor would
only slow down, not eliminate, the corrosion of automobiles caused
by salting.

When rust started becoming a real problem in the early 1950’s
a three way attack was launched by auto engineers: (1) tougher
finishes were developed so road moisture could not penetrate as
easily; (2) experiments were begun with hundreds of materials
that would prevent corrosion; (3) cars were redesigned to eliminate
joints and pockets where salt slurry would collect.

An early improvement was deep dip priming which dropped car
bodies into a priming paint to coat all body surfaces. This helpful
action keeps out water and also gives automobile enamels and

Rust Inhibitors

Efforts to Minimize Corrosion

1 “The Use of Salt For De-Icing Streets.” The Foundation, Detroit Engineer-
ing Society. March and April 1956.
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lacquers a better base to reduce chipping of paint and exposure of
bare spots.

Manufacturers also experimented with “rust-proof” metals. One
of the most successful metals for this purpose is galvanized steel,
that is, steel that has been dipped in molten zinc. Ford first used
it on a large scale in 1957 and other companies followed suit for
vulnerable parts. Other than painting or priming, this treatment
appears to provide the chief protection against underbody corro-
sion. Aluminum has been substituted for the more rust susceptible
stainless steel because its corrosion occurs at a slower rate and is
less unsightly. However, aluminum is more costly and dents easily,
hence recent efforts by producers of stainless steel have centered
on development of rust resistant alloys.

Newer methods of producing rust resistant materials include an
electro-coating process. Ford believes this method will enable it
to discontinue use of galvanized steel and zinc rich primers. In
Europe, a system is in use which skewers an automobile body on
a spit (as with a chicken) and rotates it while a thorough coating
is applied.

There has been an abundance of literature that advises the car
owner that his best protection is frequent washing and periodic
waxing. However, a newspaper article notes:

“Waxes, chrome lacquers, and other types of do-it-yourself” coatings
may do more harm than good when applied to cars built in the last three
years. In some cases these ‘protective’ coatings only serve to seal in
moisture that has already been collected. This just speeds the rusting
action.”!

Automobile engineers state that the best rust prevention treat-
ment is to wash each car frequently. Dirt collects in many places
on a car particularly on the underside. Washing will get rid of the
road salts that would otherwise attack the metal when moisture
is present. Acrylic finishes now resist corrosion to a far greater
degree than enamels did only a few years ago; nevertheless, the
regular washing of a car is necessary to remove not only salts
but road grime, industrial contaminants, insects and road tars.

3 New York Times ,
April 5, 1964.
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Reports appearing recently in newspapers and trade journals1

relative to the effects of road salts on automotive trim systems
have stirred up more controversy. Ford Motor Company released
a report on laboratory tests which attributed stepped-up corrosive
action on automobiles to increased use of calcium chloride for
highway maintenance. Publicity given these findings prompted the
Calcium Chloride Institute to request further, expanded tests to
explore a wider range of temperatures and humidities as well as salt
concentrations. As a result, a more comprehensive test was under-
taken by Ford and the Calcium Chloride Institute. Although no fin-
al report on this latter test has yet been released, a preliminary
statement of findings has been made available to the Legislative Re-
search Council. The joint research effort produced “generally good
agreement” on several points, as follows:

1. At low humidity calcium chloride is more severe than sodium
chloride because of the former’s moisture retaining nature
compared to the drying quality of sodium. But as humidity
increases, to correspond to winter season humidity, the dif-
ference in severity decreases. When trim systems are con-
tinuously wetted, there is no difference between calcium
chloride and sodium chloride.

2. Stainless steel, whether feritic (used for trims) or austenitic,
(used for wheel covers and low side mouldings), is more
susceptible to attack than other trim systems tested.

3. As the chemical content of the corrosive slurry used in the
tests was lowered, corrosion also decreased, more so for
calcium than for sodium. At the lower chemical content
levels, amount of corrosion caused was nearly the same.

4. The results of the test indicated that the corrosion picture
could be alleviated by (a) a continuing effort to develop new
and improved exterior trim systems by automobile manu-
facturers, (b) making salt products more alkaline and search-

Recent Tests on Automotive Trim System

1 Automotive Industries, Feb. 1, 1964. Steel, Mar. 2, 1964; New York Times
April 5, 1964.
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ing for effective inhibitors, and (c) washing cars frequently
during the winter season.

Critics of highway salt-use sometimes cite the short life of
automobile mufflers and tailpipes to illustrate the damaging effect
of salts; replacement of these two underbody parts cost the nation
about $5OO million annually.1 However, one automobile company
official insists that the muffler and tailpipe deterioration is caused by
engine emission acids rather than salts.2 Higher octane gasoline
now in general use reportedly produces increased acids. Evidence
also shows that mufflers are deteriorating from the inside out,
whereas the reverse would be true if salts were the culprit.

Notwithstanding the known acceleration of corrosion by highway
chemicals once the surface of an automobile’s undercoating or paint
film is broken, highway officials strongly defend the use of salts.
They believe that any acceleration of damage caused by sodium
chloride and calcium chloride is far outweighed by the substantial
reduction in the duration and seriousness of hazardous driving
periods as well as the obvious economic benefits that accrue to
business, industry and the community from quickly opening up
highways for use after storms.

The choice, say these highway officials, is between highway
deaths and injuries resulting from skidding accidents on icy pave-
ments, and possible added corrosion of motor vehicles. Their first
responsibility, they stress, is to promote safety and protect the
lives of highway users. They lament the fact that motorists give
little recognition to the success of chlorides in preventing thou-
sands of accidents and saving many lives. Instead, chlorides often
bear the brunt of the motorists’ anger for corrosion damage.

Muffler and Tailpipe Deterioration

Corrosion v. Public Safety

1 See “New Cars Resist Salt Corrosion”, American City, August, 1961. p. 27.
2 Elmer W. Bernitt, Vice-President of American Motors, cited in American

City, supra.
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Relatively little information is available with respect to the
effects of calcium and sodium chlorides on trees and plant life.
Two related studies of interest, however, recently became available: If
(1) a study of salt injury to trees,1 conducted by the Shade Tree
Laboratories of the University of Massachusetts; and (2) a study
of salt injury to roadside trees,2 conducted by the New Hampshire
Agricultural Experiment Station of the University of New Hamp-
shire.

Newspaper articles periodically allege that highway salts are
the cause of various types of damage to roadside trees. Some of
these reports stem from cursory research, are unreliable in con-
tent and have caused considerable misunderstanding of the true
nature of damage to trees affected.

As an example of such misleading articles, one story alleged
that the United States Department of Agriculture had issued a
statement that de-icing salts used on sidewalks adversely affected
azaleas and other shrubs. Thereupon, the U.S. Agricultural Re-
search Service stated that no branch of the Department had made
a specific statement that salt is injurious to adjacent vegetation.3

Another example is an account in a New York City newspaper
that distorted the effect of highway salts on maple trees. The
press account was based upon information obtained in part from
the Connecticut State Agricultural Experiment Station. How-
ever, a check with that station revealed that “troubles with the
maples . . . seemed to be exaggerated by the salt rather than

CHAPTER VH.

EFFECTS OF DE-ICING CHEMICALS ON TREES
AND PLANT LIFE

Unsupported Public Statements

1 Francis W. Holmes, “Salt Injury to Trees,” PHYTOPATHOLOGY October, §
1961.

’ *

2 Avery E. Rich and Norman L. LaCasse, “Salt Injury to Roadside Trees”
Forest Notes, Winter, 1963-64 (New Hampshire).

3 Letter from Neil W. Stuart, Ornamentals Investigations, Crops Research
Division, U.S. Agricultural Research Service. January 23,’ 1963. Copy pro-
vided by Salt Institute.
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perhaps induced by it originally,” and that “sugar maples of New
England have had difficulties before salt was applied to the
streets.” 1 The problem has become more prevalent, and damage
more destructive since salt was applied but “whether or not the
salt has exaggerated a pre-existing condition or whether the salt
has brought on a new condition of its own, is, . .

. at this point
impossible to say.” 1 What can be said, it was added, is that “the
sick trees have a lot of sodium in them.”

Related to the foregoing account is a statement from the Shade
Tree Laboratories at the University of Massachusetts including the
comment: “In telephone conversations with news reporters we have
stated that certain kinds of trees were showing decline under a
wide range of conditions. No common denominator for affected
trees was found in the case of hundreds of trees examined in
Massachusetts. ’’ 2

As recently as July 5, 1964 a Boston newspaper ran a story on
wilted maples in which the reporter stated, “Increasing use of
calcium chloride, sodium chloride and other chemicals during the
winter has worked a real hardship on trees along highways. When
the plows toss the chemically loosened ice and snow on trees and
the soil area under trees, it affects the bark and roots. Maples,
pines and hemlocks appear to be most severely damaged by such
chemicals.”3 No scientific evidence was offered to substantiate the
claim that damage was caused by the salts.

University of Massachusetts Study
In contrast to unsupported generalizations appearing in the

newspapers, the following evidence has been gathered by entomolo-
gists in this region.

A seven year test on applications of sodium chloride and calcium
chloride to the sites of maples, oak, hickory, black birch, ash, and

1 Letter of James G. Horsfall, Director, Connecticut Agricultural Experiment
Station, Sept. 16, 1963. Copy provided by Salt Institute. The Connecticut
State Highway Commissioner is on record as stating that trees found along
Connecticut highways are in as good condition, if not better, than trees
situated far away from the roadside.

2 Letter of M. A. McKenzie, Director of Shade Tree Laboratories, University
of Massachusetts. October 30, 1963. Copy provided by Salt Institute.

3 Boston Herald.
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white pine was carried out by the Shade Tree Laboratories of the
University of Massachusetts. Results indicate that “winter road
salting probably does no great harm to deciduous trees in Massa-
chusetts. 1

The report pointed out that injury from highway salts has been
regarded widely as a major cause of unthriftiness in shade trees
along streets. Symptoms ranging from decreased annual growth
to dying bark of branches have been attributed to salt injury.
However, the report finds that such symptoms “may be caused
by other factors, such as drought; girdling by roots; pavement
over roots; decay, wilt or canker diseases; insect or nematode at-
tacks; altered soil level or water table; gas leaks; compacted soil;
injury caused by construction; and improper transplanting.”

Noting that pathologists are often undecided as to whether salt
contributes seriously to shade tree deterioration, the report con-
tinued, “Trees far from any salting frequently have the same
symptoms as those near salted roads.” 1

Evidence collected during the study showed on one hand, that
soil tests for soluble salt content and leaf or twig tests for chloride
seldom reveal high enough levels to indicate that salt injury caused
decline. “Indeed, small amounts of salt have beneficial effects . .

.”

On the other hand, dead trees often surround storage piles of salt
and sand mixture along highways.

In reviewing the literature dealing with salt effects on trees, the
University report recognized that there is substantial evidence that
excess salt can harm trees. However, little published information
is available about the relationship between particular symptoms
of shade tree injury and particular amounts of salt in the soil
around the roots of the shade tree species being studied.

Scorch symptoms have occurred on pecan leaves found to con-
tain 1% or more chloride by dry weight. The trees were damaged
when chloride content of the leaves exceeded 0.6%. Tip burn oc-
curred in California on avocado leaves containing 0.5% or more
chloride, or 5 to 10 times that in normal leaves. In Texas, all
tested avocado leaves with tip burns contained 0.23 to 1.48%
chloride whereas all without symptoms contained 0.07 to 0.23%.
1 PHYTOPATHOLOGY, supra, p. 712
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Injured peach leaves contained about 2% chloride as compared to
much less than 1% in uninjured leaves checked.

Dying leaves on broadleaved trees inundated by tidal waters after
the 1938 hurricane contained 10 times the chloride concentration
found in living leaves on the same trees or in leaves on unaffected
trees.

A Helsinki forest publication reported Scotch pines died in soil
with chloride content six times the normal level; injured needles
contained more than 50% more chloride than needles of control
trees.

Results of the Massachusetts study showed that a sugar maple
died after 186 consecutive weekly applications of sodium chloride
at a rate of 10 lbs. on the soil within a circle of 12ft. radius from
the trunk, or a total of 1,860 lbs. Chloride concentration in the
leaves of this tree was 73 times, and in twigs 13 times, that in
nonsalted check maples. Other maples, a birch, and a small pine
died by the end of 201 similar applications of sodium chloride over
their roots, but a white oak so treated showed no injury. A red
maple bore stunted yellow foliage after 201 such applications of
calcium chloride over its roots, but a black oak so treated ap-
peared normal. The leaves and twigs of the treated oaks contained
about the same amount of chloride as those of untreated oaks; much
less than those of the other trees on the treated plots.

Sugar maples which received run off water 15 times at weekly
intervals during each of the six winters from adjacent road sur-
faces salted with either sodium or calcium chloride contained
three to six times as much chloride in their leaves as other maples,
but no more in their twigs. The trees treated only in winter
showed no symptoms of injury. Evidently the chloride from the
soil was accumulated in the leaves against a gradient and was
removed from the trees when the leaves fell each autumn.

No symptoms of injury were observed on any of the trees in
run-off plots after seven winters of salt application to adjacent
road surfaces, or on any of the untreated check trees.

No symptoms of injury were observed on trees where salt was
applied only in winter. Since the ground was frozen during the
period of this salting, most of the salt probably dissolved in melted
snow and ran off along the surface without reaching any tree
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roots. Analyses of soil often revealed little or no increase in soluble
salts above the level of the check plots. However some salt must
have entered the topmost layers of soil because the grass died
during the first few years of the test along the downhill edge of
the salted parts of each road. No young grass plants grew there
during the remainder of the experiment. In all direct-application
areas, to which salt was applied weekly throughout the year, the
grass died during the first full year of treatment. Evidently, dying
of grass should be verified where salt injury to trees is suspected.

Most of the salt that remained near the trees when the ground
thawed is believed to have leached away before leaf transpiration
requirements promoted the intake of much water by the roots.

University of New Hampshire Study

A 1957 survey of the New Hampshire State Highway Depart-
ment revealed nearly 14,000 dead trees along 3700 miles of road,
and the University of New Hampshire thereupon decided to study
the situation.

It had been observed that roadside maples were declining at a
rapid rate in recent years. Symptoms were usually most severe
where roads have been widened and hard surfaced, and where the
pitch or slope of the road is such that the drainage pattern is from
the road surface to the tree root zone.

Some 550 maple trees were sampled along one length of highway.
There was a highly significant (99:1) inverse relationship between
distance from the road and salt injury symptoms. Symptom ex-
pression differed significantly within 30 feet of the road. Decline
did not appear to be associated with old age.

Twig and leaf samples from 150 trees measured for sodium con-
tent showed that leaves and twigs from those trees situated within
only 30 feet from the edge of the road contained more sodium than
trees farther removed from the highway. Sap collected from 80
maples were analyzed for soluble salts; some of the samples from
trees near the highway had a relatively high salt content.

Soil samples collected from under each tree showed surprisingly
low soluble salt content indicating that soil fertility was low and
that the salt was leached out fairly rapidly by melting snow and
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wind rains. However the soluble salt content was higher for trees
near the road than for the more distant ones.

In an attempt to measure the tolerance, uptake and translocation
of salt by trees, seedlings of sugar maple, white birch, tulip tree
and white ash were grown in vermiculite and heated with sodium
chloride. The white birch and white ash seedlings were salt toler-
ant and did not translocate sodium to the leaves. Maple seedlings
were sensitive to the lowest concentration of sodium chloride and
the sodium was translocated readily to the leaves. Tulip tree
seedlings were intermediate in their sensitivity to salt injury.

In contrast to the Massachusetts study findings, the New Hamp-
shire report concluded that salt plays an important role in maple
decline in New Hampshire. Most of the injury occurs to trees
within 30 feet of the edge of the pavement and hence within ap-
proximately the area of the plowed windrow of snow. That maples
translocate sodium readily from the root zone to the leaves and
twigs “probably explains why they are affected most severely by
highway salt.” 1

The exact nature of injury was not determined by the New
Hampshire study but the authors of the report believe that “prob-
ably it is a form of ‘physiological drought’. Salt interferes with the
normal process of osmosis. It may also injure the root system
thereby reducing its efficiency.” Another explanation may be that
because roadside soils are usually very low in fertility the sodium
may be replacing more important elements such as potassium,
causing a nutritional imbalance.

The writers did not propose the discontinuance of salt on high-
ways. They recognize that highway safety and human life are of
prime importance. However as a preventive measure they suggested
that new trees planted along old highways be set back at least 30
feet and drainage ditches be constructed between the road edge
and the trees to carry off excess salts.

As can be seen, the opinions of the experts are divided. Inas-
much as the evidence on salt injury to trees is at best conflicting,

1 A. E. Rich and N. LaCasse, “Salt Injury to Roadside Trees,” Forest Notes,
Winter 1963-64 (New Hampshire); also published in Proceedings of the
Tree Wardens, Arborists and Utilities Conference, 1964 (College of Agricul-
ture, University of Massachusetts, Amherst).
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the question of whether or not highway de-icing salts is a con-
tributing factor in the demise of roadside trees is yet unresolved.

It would be well to point out that the Massachusetts research
was upon effects of salt which reached hardwood trees through their
roots, as would be expected to be the case with water that ran off
from road surfaces to the roadside soil. It did not include a study
of the effects of salt which landed directly upon the foliage of
evergreens as would be expected to be the case with slush splashed
by automobile wheels.1

To add to the confusion, studies conducted by the New Hampshire
Department of Public Works and Highways of reported “salt death”
trees indicate in many cases that physical damage was the real fac-
tor that caused their death or permitted ready entry of disease. Such
physical damage includes (1) damage to or severance of a portion
of its root system by excavation, (2) excessive burying of root
system by filling around the tree, (3) scarring of tree by accident or
improper limb removal permitting easy entrance of disease causing
elements, and (4) loss of required food and moisture due to highway,
sidewalk, driveway, or other types of impervious construction over
its root system. The New Hampshire Maintenance Engineer has
noted that healthy trees have been found in areas of high salt con-
centration and dead and dying trees in areas of low salt concentra-
tion.

Mention also should be made of studies in New York City by a
plant pathologist2 relative to defoliation of a variety of trees in
that city. His studies showed that trees at intersections were par-
ticularly vulnerable. Some were completely denuded of foliage and
ultimately died. Of interest is the finding that most serious damage
occurred to trees in areas where vehicles must linger for traffic
lights, congestion and bus stops. But working back along a block
the trees were progressively healthier until the middle of the block

NewYork City Studies

1 Letter from F. W. Holmes, Shade Tree Laboratories, University of Massachu-
setts, to Director, Legislative Research Bureau. June 2, 1964,

2 Dr. P. P. Pirone, New York Botanical Garden, reported in New York Times,
July 17, 1964.
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was reached and then declined as the next intersection was ap-
proached.

Conceding that salts might be a contributing factor, the pathol-
ogist, however, placed stress on toxic gases from motor vehicle ex-
hausts. Ethylene and carbon monoxide, which are by-products of
gasoline combustion, have proved to be toxic to plants as well as
humans. Although the exhaust fumes from diesel fuel burned by
buses are less toxic than those from gasoline, the bus exhaust throws
out an oily film that is bad for vegetation. This film could be felt
by rubbing leaves of trees located at New York City intersections.
When a new bus stop was put in front of the Jacob’s Hospital in the
Bronx, the nearby trees began to wither. On the other hand the
high towering branches of elms seem to keep them from being
harmed by exhaust fumes.

In contrast to the relative wealth of material available on effects
of de-icing salts on pavements, structures and automobile bodies,
very little has been published that concerns the effects of such salts
on public health. Moreover, there is a dearth of information re-
lating to their effects on animal life and fish.

According to the Massachusetts Department of Public Health,
the increasing use of sodium chloride and calcium chloride as high-
way de-icing agents has caused an increase in the chloride content
of a number of sources of both public and private water supply. 1

Both well and surface supplies are affected.
Adverse effects of chlorides on water supplies has been a concern

to the Department which recently sent the following form letter
to all water supply agencies in Massachusetts:

'Within the last few years there has been a significant increase in the
amount of salt or other chlorides used for ice control on the roads within this
State.

“The Department of Public Health is aware of a number of cases in which
water supply sources have been affected adversely, in some cases severely
enough to cause abandonment of the source. The U. S. Public Health Serv-

CHAPTER VIII. OTHER EFFECTS OF DE-ICING SALTS

Public Health

1 Letter to Legislative Research Council, August 4, 1964.
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ice recommends an upper limit of 250 parts per million of chlorides in a pub-
lic water supply; yet even with lesser amounts, there is a distinct possibility
of consumer complaints.

“The chlorides in drainage water can usually be traced to one of two
sources or a combination of the two. The first, the area where the salt is
stored, is very often the same area which is used for the blending of a sand
and salt mixture. This mixing process is often carried out directly on the
ground which means that relatively large areas of ground are exposed to
the chlorides. In the loading of trucks there is inevitably some spillage on
the ground in the area. The sand and salt piles are often left uncovered so
that drainage from the area contains large concentrations of salt.

"The second source is highway drainage from roads which are treated
with salt and sand for ice control.

“In either case, brooks, ditches, drainage piping and low lying swamp land
can carry the drainage water a considerable distance so that remoteness of
a water supply source from highways and stockpile locations is not a gurantee
of safety.

“As a water supply agency, you should be cognizant of this problem. In
searching for sites for new wells, in the construction and reconstruction of
roads near wells and surface supplies and in the protection of existing sup-
plies, the effect of drainage water high in chlorides should be investi-
gated ..

.”

Because of the increased frequency of instances of chloride
pollution of water supplies, the Public Health Department asked
the Public Works Department to “undertake a critical review of
highway design and maintenance procedures” as they affect water
supply sources. Among the factors suggested for such review were
design of drainage structures, disposal of drainage water, and loca-
tion of salt stockpiles.

The seriousness of this problem is illustrated by the changes in
test results from the water supplied the City of Springfield. In
1958 the Massachusetts Turnpike was opened and after a period of
winter use the city discovered that the chloride content of its water
increased, and has since become worse. Unfortunately the most
difficult winter maintenance problem of the Turnpike is within the
Springfield watershed, and hence more salt must undoubtedly be
used in that section than elsewhere.

The following table of test results shows several increases in the
chloride content of the municipal water supply which the city’s
chief water engineer definitely ascribes “to the use of salt on the
Turnpike.” 1 The dramatic increase between 1962 and 1963 prob-
ably reflects a comparatively dry year in 1963.
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Table 5.

Average Annual Test Results of Springfield Water Supply, 1950-1964
Chlorides Hardness Specific

Year ppmfiJ ppm(i) Conductivity
Microhmos Comments

1950 1.7 11.1
1951 1.9 11.0
1952 1.8 10.5
1953 1.8 10.9
1954 1.9 11.6

1955 2.0 11.8
1956 2.0 10.0
1957 2.1 11.3
1958 2.7 12.4 42 Turnpike starts operation
1959 4.8 12.6 40

1960 5.2 11.4 41
1961 5.1 12.0 39
1962 5.8 12.2 43
1963 8.1 13.9 48
1964 8.3 13.6 52 Data only covers 5 months

(i) ppm indicates parts per million
Source: River Determinations by Springfield Water Works

This situation is made especially difficult by the fact that the
Monsanto Chemical Company which is a major industrial consum-
er of Springfield’s water requests that “specific conductivity” be
kept at a certain maximum. Unfortunately the gradual increase
of chloride content is increasing this test condition.

About three years ago the Turnpike Authority received com-
plaints from the town of Auburn, located near Worcester, that
Turnpike salt drainage was increasing the salinity of wells in one
small abutting area of that town. No further complaints were made.

More recently two abutters in Natick complained of well pollu-
tion from Turnpike salt drainage. The Turnpike Authority dis-
putes this conclusion but in any case insists that “we cannot elim-

1 Mr. Peter C. Karatekas in letter to Director of the Legislative Research
Bureau,, June 30, 1964.
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inate the use of chlorides. They are absolutely essential to the
safety of motorists .

.

.” 1

In the neighboring state of New York, the Chief Engineer of
the New York State Thruway states that only one complaint of
such drainage contamination has been received from an abutter. 2

In that case a secondary water supply was involved. The complaint
was settled by a minor revision of the drainage ditch.

In contrast, the New Hampshire Department of Public Works
and Highways is constantly engaged in adjustment of well contam-
ination cases. The responsible engineer concerned calls this condi-
tion “a problem not readily resolved.” 3

In general, highway maintenance engineers do not believe that
the de-icing salts spread on highways are an important factor in
the pollution of local wells because of the relatively low concentra-
tion of dissolved salts on the highway. Where chloride content has
increased in local water supplies, they believe it is more likely
caused by runoff from salt storage piles where there is a high con-
centration of solution. Another likely source is the terminal point
of a drainage system where a runoff collection may be expected to
have a higher concentration of solution.

No evidence has been uncovered to indicate that highway salts
endanger public health by any flow into croplands adjacent to
highways. Information requested of the Massachusetts Depart-
ment of Agriculture produced no response. On this score, however,
the Salt Institute reports 4 that brackish waters have been used
successfully for irrigation purposes. Moreover many crops have
moderate to good salt tolerance. Finally, it is argued that because
the ground is frozen for most of the winter, spring rains leach
away the accumulated salt from roadside areas before thaws per-
mit a sufficient penetration of the soil to impede crop growth.

1 George G. Hyland, letter to Chairman of the Massachusetts Turnpike Au-
thority, August 19, 1964, transmitted to Legislative Research Bureau.

2 C. H. Lang in letter to Legislative Research Bureau, September 16, 1964.
3 H. H. Richardson, Maintenance Engineer, in letter to Legislative Research

Bureau. July 2, 1964, from R. H. Whitaker, Deputy Commissioner.
4 Technical Analysis of Salt for Ice and Snow Removal, p. 15 reference to

U. S. Agricultural Information Bulletin No. 213.
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Fish and Game
The available literature has produced no research reports on

effects of salts on fish and game. Interested national and regional
associations and state agencies were solicited for information; the
meager response contained no adverse statements.

The Wildlife Management Institute1 stated the only serious effect
that might arise from the use of sodium chloride and calcium
chloride would be the possibility that because ungulate animals,
such as deer and elk, crave salt, they might be attracted to high-

ways to obtain the mineral. This would create traffic hazards for
both motorists and the animals. Blocks of salt are dropped away
from the croplands of some western states to attract deer and elk.

Highway de-icing salts have been associated in newspaper stories
with the death or illness of pets which eat salted snow plowed to
the sides of highways. 2 Also according to the news account, pheas-
ants were mistaking rock salt for pebbles and grit needed in their
digestive process, and that such consumption was resulting in their
death.

This report has been refuted in a letter by the Connecticut State
Highway Commission, stating that, “.

. . we have no evidence at all
that it (salt) has been killing pets or sickening children.” 3

Salt content was reported in lakes near Madison, Wisconsin by
a city biochemist in 1962. As a result a study was made to de-
termine if highway salts were harming the quality of water or af-
fecting fish life in those lakes.4 Samples taken from 55 stations in
five lakes showed a salt content below the maximum level set by
federal standards as allowable in drinking water. None of the
samples showed salt concentrations which would be considered
excessive or generally hazardous to aquatic life on a short term
exposure basis.

Similarly, a Pennsylvania fish and game protective association
in 1962 reviewed possibilities of salt injury to fish life. The study
concluded that the salts had not been injurious to streams because

drains had diluted the salt to harmless proportions,

1 Letter from J.B. Trefether, Director of Publications, Washington, D.C., July
15, 1964.

2 N.Y. Times, September 13, 1963.
3 Letter of October 4, 1963, copy provided by Calcium Chloride Institute.
4 Reported- in .Wisconsin State Journal,- Madison, June 28, 1962.
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