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Resolve PROVIDING FOR AN INVESTIGATION AND STUDY BY A SPECIAL COMMISSION
RELATIVE TO THE DANGER OF POLLUTION OF GROUND WATER SUPPLIES AND DESTRUCTION OF

J THE ENVIRONMENT BY THE USE OF CHLORIDES OR OTHER CHEMICALS TO REMOVE ICE FROM
“

PUBLIC WAYS.

Resolved, That a special commission, to consist of two members of the

senate, three members of the house of representatives, the commissioner of publi

works or his designee, the commissioner of public health or his designee, the

commissioner of natural resources or his designee, and three persons to be ap-

pointed by the governor, is hereby established for the purpose of making an in-

vestigation and study relative to the danger of pollution of ground water sup-

plies and destruction of the environment by the use of chlorides or other

cals to remove ice from public ways and other related problems and the advisabil

ity of prohibiting such use in certain areas by regulations or other
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Boston, Massachusetts

Gentlemen:
To you and through you to the members of the General Court,
The Special Commission on Salt Contamination of Water Supplies is pleased
to submit to the General Court this first and interim report.

Rising levels of chloride threatened the safety of public water supplies
in at least two towns near Boston in 1970. Many citizens became concerned.
The General Court created this Commission to study the problem and make
recommendations about the advisability of prohibiting use of de-icing
chemicals. The Committee on Transportation met on March 21, 1972, to
receive testimony on three bills, and referred them to this Commission
for study; all three S. 185 (Senator John M. Quinlan), H. 2412
(Representative Robert Belmonte), and H. 3466 (Representative John W.
Olver) proposed that the use of salt for de-icing be banned from public
ways.

We report here on a year of work. The Commission, after receiving proposals,
selected Arthur D. Little, Inc. (ADL), the Cambridge research and consulting
firm, to provide assistance to it; the ADL team has been directed by Mr.
Robert C. Terry, Jr., of its Public Affairs Center. The Commission has held
numerous meetings and hearings. It has received testimony from state agencies
such as the Department of Public Works (DPW), groups of concerned citizens,
producers of road salt, and professional specialists such as chemical and
mechanical engineers. The Arthur D. Little team has studied technical
literature, surveyed policy and practices in several other states, observed
DPW plowing and salting operations during 1972 snow storms, and met jointly
with the Commission in working sessions. Our purpose has been to analyze the
salt contamination problem in its many aspects scientific, economic,
sociological, and administrative.
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Arthur D. Little prepared the attached policy study for consideration by
the Commission and the public. Whiletach member does not necessarily endorse
every statement and detail in the ADL study, the Commission does accept
the study’s major findings and recommendations as the basis for further
discussion at public hearings and meetings planned by the Commission.

We cannot submit a Final Report with complete recommendations yet. Salt
contamination is not a simple problem, and we doubt that it has a simple
solution. We cannot recommend now a simple set of rules to limit the
use of salt. Highway, weather, and hydrologic conditions vary from town
to town within the Commonwealth. Comments on possible policies will be
needed from state and municipal officials, private salt users, and citizen
groups. We lack enough detailed data about salting practices, although a
federally-financed project to study them is beginning now. Finally, the
Commission's budget, compared to the size of our task, is small.

We have, however, analyzed the problem, estimated its scope, and reached
some conclusions about how to cope with it. We therefore submit this
Interim Report, which has four purposes:

1. To describe the salt contamination problem clearly

2. To pose the questions of choice which will largely determine
our future policy;

3. To suggest programs for action by state and local officials,
including proposals for legislation; and

4. To seek comments by interested officials and citizens.

We are not addressing this Interim Report to the General Court alone.
We are speaking also to all state and local authorities concerned with
health and highways, including Town Selectmen and City Councillors,
Water Commissions and Departments, highway engineers and foremen,
the Metropolitan District Commission, Planning Boards, and Conservation
Commissions.

The Commission wishes to continue serving as the General Court's focus
for studies, demonstration projects, and public discussion. Our Final
Report will present the results of these projects and the comments we
hope to receive on this Interim Report; it will also recommend further
policies and guidelines for public officials.

Respectfully submitted,
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[PROPOSED LEGISLATION]

IN THE YEAR ONE THOUSAND NINE HUNDRED AND SEVENTY

AN ACT REGULATING THE STORAGE AND USE OF SNOW

REMOVAL CHEMICALS IN THE CITIES AND TOWNS

?sentatives in General Court assembled, and byBe it enacted by the Senate and House of Rep

authority Of the same, as follows:

ohp (Hmmnnmuralth of UJaaaadrusrttH

An Act

SECTION 1

Laws is hereby amended1. Chapter 84 of the General

2. by inserting after section 7 the following new section:

3. Section 7A. No person shall store rock salt, sodium

4. chloride, calcium chloride or chemically treated

5. abrasives or other chemicals used for de-icing roads

6. in such a manner or plac as to subject a water supply

the risk of contamination. The7. or groundwater supply to

8. commissioner of public health may issue regulations as

9. to place or manner of storage of such chemicals. He

10. may by specific order in a particular case regulate the

11. place where such chemicals may be used for such purpose

12. Whoever fails to comply with this section or any

13. regulation or order issued hereunder shall be fined not

NOTE. - Use ONE side of paper ONLY. DOUBLESPACE. Insert additional leaves, if neces:
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thanexceeding fifty dollars. Any person who uses more14

one ton of such chemicals in any calendar year shall15

report annually to the commissioner on November first,16

may prescribe, the amountand at such other times as h17

previous twelve monthsof such chemicals used in th18

other location and the19 specified by road section or

A copy of such reportamount of chemicals on hand20

reporting to the conservationshall be sent by the person21

ity or town in which suchcommission, if any, in the22

chemicals are stored and in which they are to be used23

The commissioner may require studies by competent professional24

personnel of the probable impact of proposed new or improved25

highways and the maintenance thereof by use of such chemicals26

upon reservoirs, ponds, streams, lakes, wetlands and the27

groundwater aquifers associated with both public and private28

water sources. Estimates of such chemicals to be applied29

on proposed roads and other paved areas shall be based upon30

the most recent records of chemicals actually applied as31

32 reported under the provisions of this section. The word

"person" as used in this section shall Include surveyors of33

highways, road commissioners, superintendents of streets in34

towns, commissioners of public works in cities and towns35

the chief engineer of the state department of public works.36

the chief engineer of the Massachusetts Turnpike Authority,37

38 the chief administrative officer of state agencies responsible

39 as well as private persons, including corporations. The

40 commissioner of public health shall issue guidelines prior

to the effective date of this act.41
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Concern about rising levels of chloride and sodium in public water sources has recently
produced vigorous debate about the policy of salting to obtain a "bare pavement", practiced
by almost all highway departments in Massachusetts and other snow-belt states. Concern
had already existed about the effects of salt on cars, concrete, and vegetation. This policy
study has examined many aspects of a complex problem, by drawing upon field
observations and interviews as well as technical literature. This report tries to synthesize
and present our findings so as to serve the practical needs of legislators and citizens seeking
information and policy recommendations.

Public health authorities have noted an increasing number of cases of salt contamination
in public and private water sources. Wells have been endangered in several communities.

These events raise several technical questions:

o Is the problem serious?

o If so, what is its extent today, and what may it become tomorrow?

o Why does it worry public health officials as well as environmentalists?

o What are its causes?

o Are highway departments applying de-icing salts too heavily?

o Must they use salt at all?

o What are the practical alternatives, if any, to today's policy of using
salt to provide bare roads?

These events also raise questions of practical policy for the Massachusetts public

o Is it willing to accept slower average speeds and wintertime delays
to ease pressures upon highway crews and to reduce dangers of injury
to water supplies and vegetation?

o Does the public insist on travelling rapidly during freezing weather
despite the possible long-term cost in maintaining water supplies of
acceptable quality?

FINDINGS AND RECOMMENDATIONS

THE PROBLEM

o What is a practical and acceptable balance between maintaining
adequate highway capacity during winter and protecting environmental
resources?



Is the public willing to pay for acceptable water quality now if a policy
of reduced salting increases costs ofmaintaining highways at reasonable
levels of service?

o

o Should the General Court limit
level?

the use of salt, and if so, to what

These policy choices will be made, either by conscious decision or by default. This study
tries to illuminate the choices and to explain the technical realities which a sound public
policy must recognize.

Salt contamination has increased rapidly during the past fifteen years. Three public wells
containing chloride above the recommended maximum have recently been closed by public
health authorities at Weston and Auburn. More, including the main supply for 22,000
residents of Burlington, have been threatened. Some private wells, for example those at
Goshen, have been rendered unusable. (See Section ITA.)

Sodium levels at or above 20 milligrams/liter (or parts per million by weight), the maximum
recommended for persons on low-sodium diets, were recorded in 1970 and 1971 in at
least one public source in 88 Massachusetts communities. In 8 of them, all wells were
so contaminated.

Moreover, the rate of increase of contamination has been accelerating. No signs of leveling
off exist yet. In 43 communities, 57 sources showed sodium increases of 25% or more
within the single year 1970-71. (Sections 11-B-1 and 2)

Forecasts of population growth and demand for water in Eastern Massachusetts suggest
that many communities lack enough water to supply their future needs, even without
losing wells due to high concentrations of salt. Even if additional water can be bought
from the Metropolitan District Commission (MDC) system, already nearing its capacity,
this alternative will be costly. (Section 11-B-3.)

These facts of rising demands for water, rising levels of salt contamination, and limited
supplies (especially of groundwater), raise the possibility of serious problems in the
foreseeable future for some communities not connected with the MDC system or a similar
multi-community water supply.

MAJOR FINDINGS

1. Salt Contamination is a Problem Today

2. If Today's Trends Continue Unchanged, Salt Contamination Will Become A
Widespread Problem in the Foreseeable Future
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Common salt, or sodium chloride (NaCl), is composed chemically of about 40% sodium
ions and 60% chloride ions by molecular weight. Most attention has focused on the chloride
ion (Cl'), because chemists monitor it as a convenient tracer of salt contamination. But
the sodium ion (Na+) poses a potentially more serious health problem, and at lower
concentrations.

Excessive sodium in drinking water, as in the diet generally, can threaten the health of
persons with a variety of medical problems, including hypertension, heart disease, and
kidney and liver ailments. Hypertension alone affects an estimated 20 million Americans,
No federal standard for sodium in drinking water exists yet, but one is currently being
considered. However, the generally accepted warning level for patients restricted to
low-sodium diets is 20 milligrams/liter (mg/1). (Section 11-C-3.)

Chloride affects the taste and corrosiveness of water, and thus its potability and value
to industry. The maximum level of 250 milligrams/liter, recommended in 1962 by the
U.S. Public Health Service, is based upon considerations of taste only: although people
can tolerate chloride at much higher levels, one danger is that they may reject such highly
mineralized water in favor of water from untested and possibly unsafe private sources.
The Federal Water Pollution Control Administration in 1968 advised a "desirable" chloride
level of only 25 mg/1. (Section 11-C-2.)

If public policy in Massachusetts aims to provide high-quality water to the largest possible
number of citizens, the national chloride standard of 250 mg/1 may have to be reviewed
in view of local water characteristics. Ratios of sodium to chloride in the vast majority
of Massachusetts public sources range between 1:3 and 2:3. A chloride level of 250 mg/1
thus infers sodium levels between 83 and 166 mg/1, or four to eight times the warning
level for patients on low-sodium diets. Conversely, if sodium is to be kept at or below
20 mg/1, then chloride must be kept within 30-60 mg/I, still above the "desirable" level
of 25 mg/1. (Sections H-C-l and 4.)

The only natural source of salt in Massachusetts is sea spray carried inland by wind.
Man-made sources include wastes -- human, industrial and agricultural - and road salt.
Direct and conclusive evidence of road salt as the major source is difficult and expensive
to obtain, but U.S. Geological Survey studies have established the relations!! p in several
cases.

The 15-year rise in salt contamination parallels the growing use of de-icing salts since
about 1950. Until recently, water sources showing sharp increases in chloride were few
and located close to obvious causes, such as uncovered stockpiles of salt. But now, the

3. Salt Contamination Poses Health Hazards for Persons Afflicted by Hypertension and
Other Diseases

4. Federal Standards for Chloride Must Not Be Applied in Isolation, But Interpreted
in View of Local Water Characteristics and the Acceptability of Related Levels of
Sodium

5. Road Salt is the Most Probable Major Cause of Salt Contamination of Groundwater
Supplies
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pattern of contamination in more sources at more scattered locations suggests that brine
running off highway is appearing in groundwater supplies. (Section 11-D.)

The policy was adopted gradually during the late 1940s and early 1950s to provide higher
levels of wintertime maintenance. Highways authorities were responding to a series of
technological changes and rising public demands, including increasing numbers of motor
vehicles, dispersion of city populations into suburbs, higher travel speeds, and growing
dependence upon cars for commuting and trucks for commerce. (Section 111-A-2.)

Salt is the most effective and economical de-icing chemical now known. Highway authorities
therefore adopted it as their primary weapon against snow and ice. Society was not
aware until recent years of its potential for accumulating in and thus harming the
environment. (Section 111-A-1.)

"Bare pavement" became a useful concept of maintenance because it is a simple and
self-evident guideline for highway crews. But it describes the minimum of salt needed
more clearly than the maximum. Moreover it spoils motorists by leading them to expect
"June travel in January", and without regard to costs or irreducible driving hazards due
to freezing weather. It thus tends to increase public pressues upon highway crews, especially
foremen responsible for each road section. (Section 111-B.)

7. A Number of Highway Departments in Snow-belt States Seem to have been Applying
Salt in Excess of Recommended Amounts

Maintenance engineers use guidelines for applying salt under various conditions of weather,
traffic, and pavement. Guidelines may be based upon results of experiments, past experience
in their locality, and recommendations by the Salt Institute, the trade association of
salt-producing companies. Supervising engineers use these guidelines for estimating future
needs, budgeting, planning handling and storage, and instructing foremen and crews.

However, prescribed application rates vary considerably from town to town and from state
to state. This results partly from differences in ice control strategy and policy. But engineers
also differ in their opinions about amounts of salt required by various conditions. These
differences suggest the need for research to develop standards which will be technically
sound, workable during storms, and widely accepted.

Various observers have reported that in practice highway crews often seem to apply salt
considerably in excess of recommended rates. A number of maintenance engineers and
highway departments acknowledge this pattern. Its causes are many, including fickle
weather, public demands for snow-free roads, and lack of enough precision spreaders. Some
inventory procedures are used more to estimate future purchases than to control amounts
actually spread. (Section 111-B and C.)

6. Highway Departments Adopted the "Bare Pavement"Policy, and Salt as Their Major
De-icing Tool, in Response to Technological Changes and Public Demands for Higher
Levels of Service
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8. To Stop Salting Entirely is Impractical

Continued excesses will aggravate the increasing contamination of water supplies. But
experiments of banning salt in Burlington and Concord have produced mixed results.
High-speed highways, tight commuting schedules, public expectations, and highway
department habits all make a ban impractical, at least in the near term and until effective
alternatives to salt are developed. (Section IV-A.)

A growing number of state and local governments recognize the problem. They are
improving application and inventory procedures, and changing to a policy of salting
selectively. The Salt Institute recently began promoting the concept of "sensible salting".
The Massachusetts DPW is improving its control procedures and vigorously educating
supervisors and foremen to reduce excess usage. It is also conducting a 7-year research
study to measure with precision the amounts of salt applied under various conditions
and the later effects upon groundwater supplies. Several other state and local highways
departments have recently succeeded in reducing salt use 20-30%, while still maintaining
acceptable standards of service. (Section 111-D.)

Solutions to the problems of salt contamination and excessive salting of highways are,
like the problems themselves, neither obvious nor simple. We cannot now recommend
adoption of a single rule or set of rules limiting use of salt. Weather, road conditions,
and public demand, vary too much from town to town. Sufficient data do not yet exist
to support a solid technical recommendation, and collecting these data lay beyond the
scope of this policy study. However, a separate nation-wide study, sponsored by the U.S.
Environmental Protection Agency (EPA) and conducted by Arthur D. Little, Inc., (ADL),
is now gathering the data needed to develop workable standards. These will be based
upon best current practices. The Massachusetts Turnpike Authority and DPW are among
the several highway departments which have agreed to cooperate in the two-year study.

In the meantime, however, useful actions to reduce salt use by state and local government
agencies are both possible and desirable. We therefore propose a combination strategy.
In the short run, the Commission should take immediate corrective action within the
bounds of present knowledge and organizational possibilities; but it must do so consistent
with several goals - highway safety, low cost, and reducing salt contamination of water
supplies. In the long run, it should develop more satisfactory and permanent solutions;
it must help assure future generations an adequate supply of clean water. Therefore, a
combination strategy contains three immediate and three longer-term programs:

9. But to Continue Salting at Present Rates is Dangerous to the Environment, and May
Also be Economically Wasteful, as a Growing Number of Highway Departments Now
Recognize

POLICY RECOMMENDATIONS
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A. IMMEDIATE PROGRAMS. INCLUDING PROPOSED LEGISLATION

Record and report all salt used
3. Develop public policy and support through leadership and education

B. LONGER-TERM PROGRAMS

2. Improve planning of highway and water systems
3. Increase research and development

We describe each point briefly. Each leads to several specific projects for action. Some
projects can be started now; others must await funding. Some can be pursued only by
highway departments; some, by citizens and other state and local officials; and others,
by research organizations. Some promise specific and tangible results; others, only indirect
benefits. Our purpose here is not to describe each project in detail, but merely to lay
out a checklist of urgent tasks. This plan will, hopefully, guide and coordinate the work
of many persons, citizens groups, and government agencies.

Because the importance of proper storage is now widely recognized, various government
authorities are acting vigorously, within limits of their budgets, to improve storage facilities
and practices. The Massachusetts DPW has already, over the past several years, constructed
38 specially-designed salt storage sheds. But the General Court has not appropriated all
the funds requested by the DPW to construct the 110 more sheds needed.

The Massachusetts Turnpike Authority is completing construction of improved closed sheds
at all of its maintenance areas. The Authority has also recently purchased new and
specialized snow-fighting vehicles, equipped with bodies capable of holding 16 cubic yards
of salt; because these vehicles can travel longer distances per load, they will enable the
Authority to eliminate some intermediate salt stockpiles.

The EPA-ADL study will develop uniform standards for storage, based upon the best
current practices by highway departments throughout the country. The results will be
published in a Manual of Design and Recommended Storage Practices. The study as
presently conceived will cover such topics as the following:

a. Establish criteria for selecting proper storage sites

b. Recommend methods for protecting de-icing materials from the
elements.

1. Store salt safely

1. Divert salt from groundwater supplies

A. IMMEDIATE PROGRAMS, INCLUDING PROPOSED LEGISLATION

1. Store Salt Safely
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Recommend inventory control methods.

d. Establish training requirements.

e. Prepare suggested minimum codes and recommend which
governmental authorities should be a responsible for insuring
adherence.

Even though county and municipal highway departments may recognize the importance
of proper storage, they often lack the financial resources, technical knowledge, and
community backing, required to construct sheds.

We therefore recommend that the Commission propose legislation
directing the Commissioner of Public Health to issue regulations to
ensure proper storage by all public and private users of road salt.

2. Record and Report All Salt Used

The EPA-ADL project includes a major study of usage practices. The resulting uniform
standards, also to be based upon best current practices, will be published in a Deicer
User's Manual for the benefit of all highway departments. It is anticipated that this manual
will recommend;

a. Quantified guidelines for the absolute minimum amounts of
de-icing chemicals necessary to maintain safe traffic flows.

b. Guidelines for application of de-icing chemicals to critical points
on the highway system.

c. Instrumentation for control of spreading rate when on the
highway.

d. Model codes and ordinances for using de-icing chemicals.

At least two years will pass before this Manual becomes widely available. Massachusetts
can, however, begin in the meantime to reduce salt use. Some witnesses before the
Commission proposed that a single limit be set, and suggested 6 tons of salt per lane-mile
per winter on arterial highways. Such a rule would be attractive in its simplicity. But
it would not recognize the wide variations in snow conditions - from town to town and
from winter to winter.

However, highway departments can and should review their standard operating instructions
for spreading salt as well as their statistical procedures for reporting and controlling salt
use. Moreover, they should do so periodically, so as to recognize latest research results
as well as changes in highway design. For example, the DPW should review its present
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basic application rate of 350 lbs. per one-lane mile. All highway authorities should study
Minnesota's example and consider adjusting the maintenance standard for each road to
its own average daily traffic and required level of service.

One important program using the level-of-serivce concept can be started by municipal
authorities. It follows the example of Ann Arbor, Michigan, and the recommendation
of some witnesses before the Commission. Local governments should design alternative
plans to the policy of generalized salting. Possibilities include the mapping of salt and
saltless routes according to their average daily traffic, regulations requiring use of snow
tires, parking bans and emergency snow routes, reduced snow-ice speeds, and an improved
DPW-Civil Defense storm warning system. In developing these programs, highway
departments will have to work with local police, city and town councils, as well as citizen
groups; the process will no doubt be lengthy, so it should be started as soon as possible.

Another minimal but important state-wide program can also be undertaken at once. This
is to require reports of the amounts of salt bought and used by all public and private
highway departments each year. No such uniform, adequate, and comprehensive reporting
system exists now. While such annual reports need not be burdensome to prepare, they
would provide objective and useful data.

We therefore recommend that the Commission propose legislation
directing the Commissioner of Public Health to require and publish,
at such times as are needed for protection of public health and safety,
reports by road section of all de-icing chemicals (sodium chloride,
calcium chloride, and chemical additives to abrasives) applied by all
salt users state and local highway departments as well as private
users such as universities and shopping plaza operators. Legislation
should also authorize the Commissioner of Public Health or other
officer to prescribe maximum permissible levels of salt contamination,
and if necessary to issue regulations limiting the use of de-icing
chemicals.

A guiding principle should be that old adage: an ounce of prevention is worth a pound
of cure. However, planning requires money and commitment. Neither of those will become
available without broad understanding and support by the public. A major need, therefore,
exists for education. Without public support, laws passed by the General Court will not
be effective and pressures on highway departments will not abate.

Here lies the main task of this Commission. The Commission should sponsor or conduct
the following programs:

a. It should continue to educate the public and governmental officials,
by holding public hearings, conducting informal public meetings,
sponsoring research, and collecting and publishing information.

3. Develop Public Policy and Support Through Leadership And Education
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b. The Commission should make widely available the scientific and
technical reports upon which this report is based, as well as other
papers important for public understanding. It should also make public
regular reports on salt contamination levels.

It should encourage Conservation Commissions or similar local
government agencies to become leaders in educating the public about
salt contamination. It should encourage the creation of joint
citizen-government boards, by town, city, and DPW district, to monitor
road salting practices and to assist highway authorities in developing
practical public policies.

c

The Commission should be the Commonwealth's focal point for
cooperating with other states and the federal government in designing
effective public policies. It should assist Massachusetts agencies to take
advantage of new federal legislation, for example the Environmental
Education Act of 1970, and organizational developments, for example
the Department of Transportation's new Office of Environmental
Quality, to apply for grants and obtain technical assistance. It should
assist the EPA in its current efforts to study alternative de-icing
methods.

d.

Among state and municipal agencies, too, the Commission should
coordinate efforts to combat salt contamination. In due time, this
function should be passed on to an appropriate agency within the
executive branch. The Commission should consider whether this
leadership role should be given to an existing agency or to a
specially-created board, and recommend action to the General Court.
Legislative oversight should then be passed on to a Standing Committee
of the General Court, possibly the Committee on Natural Resources.
Meanwhile, until a clear public policy is adopted, the Commission
should assist state agencies, especially the DPW, in coping with
conflicting public pressures.

e

Tlie salt contamination problem is now in an early stage of public recognition. This report
early attempts to identify and analyze the problem, and to identify possiblereflect:

Although understanding is not yet widespread, it can and should be increasediolutions

We therefore recommend that the General Court extend the life of
this Commission, for at least two years, and appropriate funds for
its activities. Moreover, the Commission's membership should be
enlarged to include representatives of other groups also concerned
with salt, public health, environmental protection, and public safety:
for example, state and local police, municipal highway departments,
city and town managers, Conservation Commissions, water pollution
abatement districts, salt-producing companies, and citizen conservation
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groups. If formal membership is not practical in all cases, such groups
should be invited to contribute regularly in other ways to the
Commission's work.

We describe the following three programs as "longer-term" in recognition of the fact that
they can probably not be accomplished effectively at once. However, they can and should
be started at once, together with the "immediate" programs.

The Commission should not rest content with reducing the amounts of salt spread. It
should also improve the handling of salt before and after use. What to do with the
salt after use is a complex and difficult question. Part of the problem seems beyond
control: some salt is thrown into the air by the movement of traffic; still more is washed
away in general surface runoff.

But local highway authorities and private salt users can and should take more care about
disposal of salt-laden snow scooped up from busy intersections, business streets, and parking
areas. The common practice now is to dump it into any nearby bog or pond. The fact
that this snow carries significant amounts of lead and oil as well as salt makes it harmful
to any waterway. (The EPA-ADL study will investigate how much salt, lead, and other
contaminants are carried into ponds and wetlands by such dumping practices.)

We recommend that the Commission initiate the following programs
by all public and private users of road salt:

a. Remove as soon as possible open or bare-ground salt stockpiles
from wetland watersheds; cover all piles in any location.

b. Stop as soon as possible the dumping of salt-laden snow into
ponds, bogs, and other wetlands.

new storage and dumping sites, together with proposals for
improving spreading practices.

melting vats, for communities with no environmentally sound
natural dumping sites.

c. Prepare environmental impact statements on current as well as

d. Investigate the feasibility of man-made snow dumps, for example

B. LONGER-TERM PROGRAMS

1. Divert Salt From Groundwater Supplies
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Planning is the key to any strategy of prevention. But the benefits of planning today
appear only tomorrow. One task which should be specifically required and included in
environmental impact statements is to map groundwater aquifers to locate their sensitive
recharge and discharge areas. In these areas, where surface water flows in and groundwater
is removed, underground storage zones are especially vulnerable to contamination or injury.
The importance of such planning is made clear by new federal and state requirements
for environmental impact statements.

We recommend that the Commission initiate the following programs
by state, county, and local authorities, and encourage similar efforts
by private institutions and corporations:

a. Make groundwaterhydrological surveys and maps of water sources
available to county, city, and town highway departments.

b. Plan new highways, roads, and paved parking areas so as to avoid
or at least not to disrupt, groundwater aquifers. Exert special care
to plan proper drainage in recharge zones ofgroundwater aquifers.

All changes should incorporate improved standards for selecting roadside vegetation which
can tolerate salt, and for locating trees so as to minimize damage from highways andas to minimize damage from highways and
brine

3. Increase Research And Development

Despite their importance, the results of rese,
most difficult to foresee. The very complexity
research - for example, into chemistry,
governmental coordination.

arch lie farthest in the future and are the
of the salt contamination problem requires
economics, mechanical engineering, and

We recognize that distressed citizens will find
research. But we also know from experience the
in environmental policy have occurred recently

little consolation in a recommendation for
dangers ofhaste. Several confusing reversals
, Each switch was forced by a new discovery

or new recognition of scientific facts and essentials. We should therefore assume that
dangers await those who take a simplistic approach to control salt in water.

The EPA is sponsoring a search, by Abt Associates, Inc., a Cambridge research firm, for
new technological alternatives to salting. Possible alternatives include thermal melting,
compressed-air snow plows, electromagnetic ice shatterers, and adhesion-reducing pavement
compounds.

2. Improve Planning Of Highway And Water Systems

c. Improve drainage of existing roads and highways, even though
possible only bit by bit.
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recommend that the Commission initiate the following programs:We

The Massachusetts DPW should undertake itself or cooperate with
others in research to develop chemical and mechanical
improvements in the technology of snow and ice control. This
includes exploring other forms of salt, such as liquid or fine-grain
salt, as well as alternatives to salt. Reports and recommendations
should be made to the Commission, the public, and city and
town highway departments. Manufacturers should be encouraged
to develop and produce better types of equipment.

a

Economists should develop an accounting system to record the
full or true costs of salt and other de-icing chemicals. Highway
departments naturally consider mainly the cost of salt as it passes
through their hands. Normal budgeting methods hinder city
managers and state legislators from realizing the full costs of
salting, composed of both items in highway budgets for
maintenance and items in water budgets for cleaning
contaminated water or buying fresh water elsewhere. New
methods of accounting would enable public officials to make
policy and operating decisions for the welfare of society as a
whole, rather than merely of limited groups. A further step might
be for towns to show each taxpayer, as an item in his annual
tax bill, how many dollars he pays for salt, for water, and for
keeping road salt away from his water.

b,

Salt-producing companies should expand their own research funds
to encourage creative and responsible techniques for using salt.
The idea was once proposed, by a Massachusetts DPW official,
that research should be financed by a few cents added to the
price of every ton of salt. This fund would quickly grow large
enough to support significant research by independent scientists.
It would, moreover, show that salt companies are serious about
seeing their products used responsibly. Such a fund would serve
the prudent self-interest of the salt industry. The resulting research
and improved standards might forestall the need for governments
to act further than they have already in the public interest.

c
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Massachusetts public health authorities have recently become concerned by rising levels
of sodium and chloride in public drinking water supplies in a number of communities.
This concern has prompted a running debate in the press, at meetings of highway officials,
and at several Town Meetings.

Opinions differ about the nature, extent, and causes of the problem. Several towns near
Boston have, during the past two winters, pursued differing policies of using highway
de-icing salts. Better Roads magazine quoted Woburn's Superintendent of Public Works:
"Too many people not in the know have their fingers in the salt pot. The government
is going to have to eventually step in and settle this." (102, 11.) Many communities have
asked the Commission for guidance in their policy of salting.

This report addresses the need for information and clarification of a complex issue. It
is a policy study. It builds upon the work of specialists in several fields, such as public
health, sanitary engineering, medicine, and highway maintenance. It does not present
original research by us in these fields. The study's limited scope did not allow us to gather
and examine extensive primary sources, for example surviving highway department
worksheets which might suggest rates at which salt has actually been applied on road
sections throughout the Commonwealth; we have had to rely mainly upon data presented
to the Commission and available in technical literature.

This report does try to synthesize and report the work of others in a manner useful
to Members of the General Court, public officials, and citizens. We intend it to stimulate
clear discussion and to show where detailed research and improved management controls
are needed.

The study emphasizes the relationship between highway salt and water supplies, even
though salt also affects bridges, concrete, automobiles, trees, and vegetation. Salt's effects
on them have been well studied in the past years. But high chloride levels in public water
supplies have appeared as a serious problem only recently, and so the links, if any, between
de-icing salt and water have not been widely investigated. Hence, there is little need to
review those topics already well known, but great need to focus on that which is least
known and most worrisome today.

This explains why so much information is reported in Chapter 11. The material deals with
several questions currently being debated: Does a problem exist? If so, what are its causes?
What is its likely future? Why is it a concern of doctors and public health authorities?
Chapter II tries to explain complex matters in clear language, but without oversimplifying
important facts and relationships.

If Massachusetts can develop a balanced public policy, it will contribute not only to its
own future health, but also to that of other states. For other snow-belt states, too, even
though less populous and less dependent upon groundwater supplies, are beginning to face

I. INTRODUCTION
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similar dilemmas. Meanwhile, federal policy makers are also grappling. Congress has just
held a major series of hearings on the purity of drinking water. The U.S. Environmental
Protection Agency has just launched a major study of ways to reduce the environmental
impact of de-icing compounds. Since the states are sometimes, as Justice Brandeis observed,
laboratories for the federal system, federal policy-makers are looking to progressive states
for lessons about their willingness, ability, and success in tackling an issue of broad public
interest.

The data reported in this study come from varied sources. Many are documentary, including
technical reports from government agency files, scientific research reports, studies by
citizens and research groups, and articles from magazines and scholarly journals. The
Commission has received testimony from witnesses representing state agencies, citizens
groups, and the salt industry. The Commissioners themselves contributed knowledge and
judgments from their experience in special fields, as did members of the Arthur D. Little
study team.

Many persons contributed generously of their time, information, and counsel to the
Commission and the writers of this report. We are especially indebted to several who
did so beyond the normal call of duty. Members of the Massachusetts Department of
Public Works have been generally open and helpful in sorting out difficult questions
of policy and practice. We thank all who helped, and hope that they will find satisfaction
in these results.

Principal witnesses included: Francis H, Carr, Jr., Snow and Ice Control Engineer,
Massachusetts Department of Public Works (DPW); William E. Dickinson, President, Salt
Institute; and Carolyn L. Whittle, David Burmaster, and Richard South worth, of the
Citizens Committee Against Road-Salt.

James Norcott and Andrew DeVita were helpful and knowledgeable guides to snow-clearing
operations by DPW District 4 during nighttime blizzards. Research and counsel were given
by, among others: Floyd B. Taylor, U.S. Environmental Protection Agency; Charles Knox,
U.S. Geological Survey; Edward L. Tyler, Metropolitan District Commission; Habitat School
of Environment, Belmont; and Members of the Commission.

Arthur D. Little contributors included James I. Stevens, David L. Richardson, Philip J.
O'Brien, David I. Hellstrom, Daniel H. Gray, Terry W. Rothermel, Harry G. Foden, Marjorie
S. Maws, and Charles P. Campbell, Robert C. Terry, Jr., wrote the report.

References in the text are given by showing, first, the number of the citation in our
Bibliography, and second, the number of the page, if needed. For example, (7, 34) refers
to citation 7, U.S. Public Health Service, Drinking Water Standards, page 34. Where two
or more sources are given, citations are separated by semi-colons, for example (7, 34;
29, 5).
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The first task was to assess the extent of salt contamination of water supplies. Testimony
was presented to the Commission by the Massachusetts Department of Public Health (DPH)
and Department of Public Works (DPW). Reports were also made available by the U.S.
Geological Survey (USGS).

Although chemists refer to many chemical compounds as "salts", the most important one
for our discussion is what we know as "common salt". This colorless, crystalline compound
is known technically as sodium chloride (NaCl) and made up of two elements, sodium
(Na) and chlorine (Cl). Both elements are important in human health.

The DPH has been testing public water supplies for chloride regularly since the 1880s,
and for sodium as needed and regularly since 1970. This method of testing has led, in
part, to some confusion in use of terms. Chemists use the term "chlorides" to refer to
all salt compounds, which contain the chloride ion (CP). But health authorities have,
until recently, tested water on a regular basis only for the chloride ion, not for other
elements such as sodium. The reason is that the chloride ion is an easy and useful tracer
of other chemicals important for health. Moreover, the chemical test for chloride has,
until recently, been significantly cheaper in cost than that for sodium. Health officials,
therefore, speak of "chloride" levels because their tests record "chloride ions" rather than
what we call "salt". But scientists interpret these records with their understanding that
chloride ions are bound chemically with the ions of other elements, of which the one
important to us is the sodium ion (Na+). Since we are concerned with the effects on
health of both sodium and chloride, we shall often refer to both by the term "salt".

In May 1970, the Commissioner of Public Health wrote to Boards of Health and Water
Commissions of 63 communities that recent samples from their water supplies had
contained sodium in excess of 20 milligrams per liter (mg/1). The DPH noted:

Medical authorities such as the American Heart Association advise the
use of water with no more than 20 milligrams per liter of sodium
for patients with congestive heart failure, hypertension, renal disease,
and cirrhosis, as well as for many pregnant women.

Rising sodium and chloride levels are primarily due to increased use
of salt on highways during winter months. (20)

A. WARNINGS: A PROBLEM TODAY?

1. Notice To 63 Communities
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The 63 communities. Table 1, or 20% of the Commonwealth's total of 307 cities and
towns having public supplies, included not only many small towns, such as Dudley and
West Brookfield, but also two major cities, Cambridge and Lowell. DPH tests in 1971
showed a number of sources containing sodium two to four times greater than 20 mg/1.
(22)

The DPH has also found high levels of chloride ions in many of these sources. This has
led to public discussions, some of which have been much in the news, especially concerning
water sources in Weston, Burlington, and Auburn.

In Weston, a suburb west of Boston on Route 128 and the Massachusetts Turnpike, public
drinking water was long supplied by three wells. The largest, the Nickerson Field
gravel-packed well, produced 1,000 gallons per minute. The chloride content of its water
averaged, until the late 19505, less than 100 parts per million (ppm - one ppm is roughly
equivalent to one milligram per liter); this level was, therefore, well below the maximum
of 250 ppm recommended for drinking water by the U.S. Public Health Service (USPHS)
(7,34) and state authorities.

But the chloride level rose steadily during the 19605, and in 1970 reached levels of 350-400
ppm. Continuous pumping for 30 days, attempting to flush Nickerson's salty water into
the Charles River, failed to lower the chloride content enough. Authorities had to close
this well. On October 31, 1972, samples from the Nickerson Field well still showed chloride
levels of 460 ppm. Of Weston's remaining two wells, producing together about 560 gallons
per minute, samples from Kendall Green showed chloride averaging about 50 ppm and
from Fitzgerald, about 200 ppm. Further tests of Fitzgerald by the DPH showed 285
ppm in April, and 320 ppm on October 31, 1972. The level of sodium was also high.
Fitzgerald well was therefore also closed. (17;26)

Weston fortunately became a member of the Metropolitan District Commission (MDC)
system in 1966, in anticipation of future growth in the town's demand for water. It began
buying from the MDC, as required by contract, one-third of its needs. In 1969, for example,
it bought 142 million of its total consumption of 427 million gallons.

Weston was therefore able to make up the loss of the Nickerson and Fitzgerald wells
simply by increasing its tap from the MDC tunnel, which imports water from the Quabbin
and Wachusett Reservoirs in central Massachusetts. In 1970, Weston bought about 262
million gallons, or 64% of its total consumption, and two-thirds more than its 1969
purchase. At the MDC's rate of $l2O per million gallons, Weston paid the MDC about
$17,000 in 1969 and $31,500 in 1970, plus pumping charges.

The Kendall Green well was also recently closed, but due to a different kind of
contamination. Since July 1, 1972, Weston has had to buy 100% of its water from the
MDC. (26)

2. Weston: Main Supply Lost
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ABINGTON DUDLEY PEABODY

ACTON DUXBURY PEMBROKE

AMESBURY EASTON PROVINCETOWN

ANDOVER EDGARTOWN RANDOLPH

ATHOL GOSNOLD READING

ATTLEBORO GRAFTON ROCKLAND

AUBURN HAMILTON ROCKPORT

AVON HANOVER ROWLEY

BEDFORD HOLBROOK SALISBURY

BELCHERTOWN HOLLISTON SCITUATE

BILLERICA HOPEDALE SHARON

BLACKSTONE LEICESTER SOMERSET

BRAINTREE LITTLETON STURBRIDGE

BRIDGEWATER LOWELL SUDBURY

BROCKTON LYNNFIELD WARE

BURLINGTON MARLBOROUGH WARREN

CAMBRIDGE MEDFIELD WEST BROOKFIELD

CANTON MIDDLEBOROUGH WESTBOROUGH

CHELMSFORD MILLBURY WESTON

COHASSET NORTH READING WEYMOUTH

DOVER NORWELL WILMINGTON

WOBURN

TABLE 1

COMMUNITIES WITH WATER SAMPLES

CONTAINING OVER 20 PARTS PER MILLION SODIUM, MAY 1970.

Source: Massachusetts Department of Public Health, Division of Environmental Health (20)
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In Burlington, a growing industrial community of about 22,000 people on Routes 3 and
128 northwest of Boston, samples showing rising chloride levels led town officials to
complain to the Massachusetts DPW in 1970. Hydrologists of the USGS, working in
cooperation with DPW test boring crews and research labs, studied the Vine Brook Basin.
USGS reported:

The Main Pumping Station pumps from a group of 70 interconnected
wells in sand and gravel. In 1949, the well field was installed, and
Route 128, approximately 3,500 feet upgradient from the well field,
was opened. In 1961, when the Burlington Town Highway Department
began storing salt, uncovered, approximately 400 feet upgradient from
the well field, the concentration of chloride in water from the well
field was less than 15 mg/1.

The concentration of chloride began to increase notably in 1963
. . . Remedial measures by Burlington have included construction of
a salt-storage shelter in 1968, when the concentration reached 170
mg/1, and banning the use of de-icing chemicals on city streets in 1970,
when the concentration exceeded the 250 mg/1 upper limit
recommended by the U.S. Public Health Service. (12,4)

After the peak of 283 ppm in July 1970, chloride levels, as Figure 2 shows, fell and
oscillated in the range of about 75-175 ppm. Burlington, therefore, did not close its main
station, but did continue its ban against salting by its highway department. Recent samples
tested by the DPH showed chloride levels of about 85 ppm, perhaps assisted by 1972's
abnormally high amount of rain. The ban was rescinded on December 18, 1972

In Auburn, a town of 15,000 people south of Worcester, drainage basins supplying the
five municipal wells are crossed by the Turnpike, U.S. Route 20, Interstate 290, Mass.
Route 12, and town roads. Natural chloride concentration in ground water in this region
was established in 1905 as less than 5 mg/1. Concentrations in water from two wells
had risen by 1955 to 15 mg/1, but after 1957, when the Turnpike was opened, increased
markedly. Town officials complained to the DPW, which asked USGS to investigate.

USGS reported in 1971 that "the chloride concentration of water from each well has
risen significantly over the years." (14,8) Samples from Well #2 showed chloride levels
at 250 ppm and above in 1966 and 1967, when it was closed for more than a year;
in July 1971, when this well was supplying about 15% of Auburn's public water, the
concentration reached 510 ppm. Readings the same day from three other wells were 188,
128, and 50 ppm. Well #2 was therefore closed again by Auburn in August 1971.

USGS also studied the levels of sodium. The concentration in January 1971, in Well #

3. Burlington; Main Supply Almost Closed

4. Auburn; One Well Closed
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was 105 ppm. Two other wells had sodium concentrations of 72 ppm and 100 ppm.
(14,5) No reading was reported for the fourth well, which had a concentration of only
15 ppm in August, 1970. Therefore, much of Auburn's public water contained sodium
far in excess of the 20 mg/1 or 20 ppm advised by medical authorities for use by persons
with hypertension and other disorders.

Farther west, in Goshen, salt contamination has made private water supplies unusable.
(17) Motor vehicle traffic moving from the Connecticut River Valley up into the Berkshire
Hills passes through this dairy and lumber town of about 500 people on Mass. Route
9

Goshen sits on top of a geological pocket having little or no drainage. The rock formation,
which contains no natural salt, funnels drainage from the surface into the ground water.
Historical records as well as tests of water elsewhere in the area show that the natural
level of chloride is about 5 ppm. However, water from wells, located next to the highway
and serving the center of Goshen, is now contaminated by chloride levels ranging from
300 to 2,675 ppm. (29) Householders are, therefore, hauling their water from outside,
typically from wells of relatives. Drinking water for their 90-pupil school is trucked in
from Holyoke at the cost of about $1.75 per five-gallon bottle.

After determining the extent and cause of salt contamination, DPW engineers designed
a new drainage system for Goshen. It diverts brine running off Route 9 away from the
natural geological funnels, and sluices it instead into a stream leading to the Connecticut
River. (29)

In other towns, too, private wells located near highways have chloride concentrations
exceeding the recommended maximum level. Public health authorities know of some, for
example in Sutton, Westfield, and Southampton, because of complaints and requests for
testing. But, because public authorities do not examine private sources normally and
regularly, they do not know how many more may also have high levels of chloride and
sodium. (18)

These, then, are the acute signals of warning. In summary, public sources in at least one
fifth of the state's cities and towns have recently supplied water containing sodium in
amounts which give health authorities and some medical patients cause for concern. Three
public wells have recently been closed due to chloride levels above the USPHS
recommended maximum. More, including the main supply for 22,000 people, have been
threatened. Private sources are known to be unusable in one town, and appicaching that
condition in several more. These warnings suggest that today Massachusetts does, indeed,
face a problem which merits public attention.

5. Goshen: Private Wells Unusable
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Our discussion thus far has focused on acute warnings of danger, those signals which
move public health authorities to drastic action. This section reports data suggesting trends,
which are important for public policy influencing the future.

We are fortunate in having DPH records for over 80 years, which allow us to interpret
today's test results in historic perspective. These records suggest that the recent losses
and threats to public water supplies are merely dramatic episodes related to a significant
upward trend in average chloride levels during about the past 15 years. In 1964, the DPH
wrote to all water supply agencies in Massachusetts, in part as follows:

Within the past 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 DPH is aware of a number of cases in which water supply sources
have been affected adversely, in some cases severely enough to cause
abandonment...(27,73)

The 80-year chloride record was reported by Mr. George J. Coogan, Director of the
DPH Bureau of Water Supply and Water Quality, to the New England Water Works
Association in September 1970. He first quoted a State Board of Health report for 1887-90:

From the standpoint of the public health, the natural classification
for waters is into those which have at no time been contaminated
by the waste products of human life and those which have been thus
contaminated. Waters of the first class we have called normal; in the
latter class, we attempt to express the amount of polluting matter
of the nature of sewage which the water has received by giving its
variation from the normal chlorine content of the region. (73,173)

The waste products of human life typically contain salts, of which a common component
is chloride. Health authorities therefore chose the chloride ion (CP) as the tracer to indicate
whether and how much sewage from septic tanks and leaching fields was filtering through
the ground into public drinking water supplies.

Regular tests for chloride since 1890 produced the series reported by Mr. Coogan in several
charts, reproduced here as Figure 3. These display average chloride levels according to
the distance of water sources from the seacoast, because a DPH study in 1942 showed
a relationship to chlorides in air carried inland from the sea by wind and rain. Note that
the figures on these charts average the chloride levels of all water sources, not just those
right next to highways. These charts show how average chloride levels, especially in sources
fed by groundwater, have increased since about 1955 in the area within 100 miles of

B. TRENDS: A WIDESPREAD PROBLEM TOMORROW?

1. 80 Years Of Chloride Tests
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FIGURE 3 (Continued)
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the coast. This 100-mile zone extends west to include the Connecticut River Valley, and
thus includes the great majority of the state's population centers, cars, and highways.

Latest reports suggest that the trend is both continuing and broadenin;

In March 1972, Mr. Coogan presented to the Association the recent pattern of chloride
level changes. Chloride levels today extend the curves shown in Figure 3. He cited as
examples those sources in which levels have risen by more than 100% within only one
year, 1970-71. He will soon publish details in the Association's Journal, and include a
listing of 79 public sources in 48 cities and towns with chloride levels at or above 50
ppm in 1966 which increased by 25% or more by 1971, a period of five years; over
half of the supplies showed increases of 100% or more.

One example of the trend of chloride increase appears in Figure 2, showing how levels
at Burlington's main pumping station rose from about 15 ppm to about 280 ppm between
1955 and 1971. Another example concerns Springfield, the city of about 165,000 people

in western Massachusetts: average levels are still very low, but tripled during the 19505,
from 1.7 ppm in 1950 to 5.2 ppm in 1960, and tripled again during the 19605, to 16.3
ppm in 1970 and 17.0 ppm in 1971.

The trends in sodium levels are equally disturbing. Although routine testing for sodium
in Massachusetts public water supplies dates only from 1970, a comparison of the 1970
and 1971 test results reveals the following: First, an additional 25 communities, listed
in Table 2, have joined the original 63 with sodium at or above the 20 mg/1 level in
at least one water source. Second, of these 88 cities and towns, 30 show an increase
in the number of sources thus contaminated, while in at least 8, all local sources have
reached this level. Finally, of all water sources containing 20 mg/1 or more of sodium,
56 supplies serving 43 communities showed increases approaching or greater than 100%,
while many more were in the 50% range. (21,22)

Two aspects of these observations are significant

o Signs of salt contamination are becoming widespread. Until recently,
wells showing sharp increases in chloride were almost all located close
to obvious sources of contamination, such as uncovered stockpiles of
salt and specific drainage points along large highways, for example at
intersections. Now, an increasing number of supplies, not clearly
adjacent to such obvious points of contamination, are showing rising
levels of chloride.

o The rate of contamination has been rising. Chloride levels in many
wells are obviously below the recommended maximum of 250 ppm;
but the speedat which they are rising has been quickeningdramatically.
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SUTTONDANVERS HINGHAM

LYNNDEDHAM
EASTHAM NATICK

WALPOLEEAST CHELMSFORD

FRAMINGHAM

NEEDHAM

WAKEFIELD

WELLESLEY

WESTPORT*

YARMOUTH

NORTH ATTLEBORO

PLAINVILLEGLOUCESTER

HARVARD SHREWSBURY

STERLINGHOLDEN
WAYLAND

Source: Massachusetts Department of Public Health (22)

TEWKSBURY

WAKEFIELD

TABLE 2

ADDITIONAL COMMUNITIES WITH ONE OR MORE PUBLIC WATER SUPPLIES

CONTAINING SODIUM AT OR ABOVE 20 ppm.

AVERAGE READINGS 1971

In communities on the sea coast, high levels of salt contamination may be caused primarily by salt
water intrusion into groundwater aquifers.
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At their March meeting, members of the Water Works Association, including municipal
Water Superintendents, recognized the significance of the trend suggested by these DPH
figures. This led to anxious questioning and a discussion which the chairman described
as "the liveliest I've heard in a long time". Mr.
point about these figures is the general rate
we shall be in serious trouble." (18)

Coogan summarized: "The most bothersome
of increase. In the not too distant future,

the MDC Water System, which supplies twoSimilar to these DPH figures are those from
million residents of Boston and 40 other communities. Figures for the years 1945-71 are
shown in Table 3. They show significant increases in chloride in four MDC reservoirs.
Although the 1971 levels of chloride in the two main reservoirs, Quabbin and Wachusett,
were still low, their rates of increase were significant.

But the rates of increase of chloride at the two supplemental reservoirs, Sudbury and
Framingham No. 3, during the decade 1960-1970 were steep. More serious, the 1970 levels
of sodium reached 26.4 ppm in Sudbury and 25 ppm in Framingham, above the American
Heart Association's threshold of 20 ppm for persons on low-sodium diets. More alarming
still was the marked increase during one year only, 1970-71, at Framingham: the average
chloride level jumped from 38 to 64 ppm, while the inferred sodium level rose from
25 to 42.2 ppm. The sharp rise in rates at Framingham has occurred since the opening
in 1957 of the Massachusetts Turnpike, which skirts the reservoir's north shore; Route
9 runs along its south shore. Salting of highways increased generally during the 19605.

The important figures are those for Quabbin and Wachusett, because the water from these
reservoirs flows through MDC aqueducts and tunnels into Boston-area households. Sudbury
and Framingham are standby reservoirs, for reasons of age, color of their water, and factors
other than chloride levels. However, their waters are needed upon occasion. Moreover,
they may be needed more urgently in the next twenty years, when demands upon the
MDC system are expected to rise.

Commenting upon these figures, Edward L. Tyler, Principal Sanitary Engineer, Sudbury
Section, noted:

The reservoir systems are the barometers of salt pollution, and the
waters in these systems can, on a short-term basis, show the upward
or downward trend of salt usage, since reservoir storage is mainly
dependent on surface water runoff. In a constantly mixed and active
reservoir, the degree of salt pollution that occurs from seasonal usage
can be detected in a short period of time.

A well water supply, when contaminated or influenced by salt
a surface water supply when related
usage. Improvement in a well supply
as it has been observed that the

intrusion, is not as fortunate as
to any immediate decrease in salt
will be at a much slower rate,
concentration of salt in the soil
(limit unknown). (32)

increases at deeper ground depths

2. The MDC's 25-Year Record



28

TABLE 3

SALT TABLES, METROPOLITAN DISTRICT COMMISSION
(MDC) RESERVOIR SYSTEM, 1945-1971

Average Chloride
(ppm) Approximate Sodium Chloride

Regular Bi-Weekly (ppm) % Increase
Date Tests Inferred (1) Since 1945

QUABBIN RESERVOIR 1945 1.8 1.2
1955 1.8 1.2 0
1960 2.1 1.4 16
1965 2.8 1.8 55
1970 4.5 3.0 150
1971 41 07 127.7

WACHUSETT RESERVOIR 1945 2.5 1.7
* 1955 3.1 2.1 24
* 1960 3.4 2.2 37
* 1965 4.2 2.8 68
* 1970 11.0 7.3 341

1971 103 6J 312.
SUDBURY RESERVOIR 1945 3.0 2.0

�* 1955 7.3 4.8 143
** 1960 6.9 4.6 130
** 1965 11,0 7.2 267

1970 40.0 26.4 1,233
1971 405 28.05 1,316

FRAMINGHAM RESERVOIR #3 1945 3.6 2.4
** 1955 7,5 5.0 110
** 1960 8.2 5.4 129
** 1965 15.0 9.9 316
(2) 1970 38.0 25.0 956

1971 640 402 1,678

(1) Chloride figures are based upon actual bi-weekly analyses of water samples, but sodium figures, merely
inferred, are calculated upon the known proportion (about 40%) of sodium (Na + ) to Chloride (C 1“)in
pure salt (NaCI).

(2) Received 1.8 Billion Gallons from Hultman Aqueduct 6/15 -- 8/25/70

Influenced by Quabbin Diversion
Influenced by Wachusett Diversion

Source: Metropolitan District Commission (32),
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Warnings of acute danger today and records of the past 15 or more years suggest that,
if the forces causing salt contamination are not soon changed, the upward trend will
continue and increase in coming years. Moreover, it will do so at an increasing rate.

The problem would seem less serious if the supply of drinking water were ample: when
water from one source became unusable, a community could merely start drawing from
another. The United States has, indeed, long enjoyed large supplies of groundwater:

Ground water supplies 20% of the fresh water used in the United States
(61 billion gallons per day). Of the Nation's 100 largest cities, 20
depend entirely on ground water for their public water supply, and
13 use both groundwater and surface water.Twelve states obtain more
than 50% of their statewide public water supplies from ground water.
(81,215)

In Eastern Massachusetts today, supply in relation to demand is barely adequate; moreover,
it is expected to become strained in the foreseeable future. Professional water planners
have long been aware of this precarious balance. But the drought of the mid-1960s brought
it forcefully to the attention of the general public. One result was Public Law 89-298,
enacted in October 1965, which began:

Congress hereby recognizes that assuring adequate supplies of water
for the great metropolitan centers of the United States has become
a problem of such magnitude that the welfare and prosperity of this
country require the Federal Government to assist in the solution of
water supply problems. Therefore, the Secretary of the Army, acting
through the Chief of Engineers, is authorized to cooperate with
Federal, State, and local agencies in preparing plans in accordance with
the Water Resources Planning Act (Public Law 89-80) to meet the
long-range water needs of the northeastern United States....

The North East Water Study (NEWS) area includes about 200,000 square miles in 13
states, from Maine to Virginia. Its population of about 50 million persons is projected
to reach about 85 million by the year 2020. According to the Corps of Engineers:

The area's vulnerability to water shortage is revealed by the fact that
some 14 million people, about 28% of the population, were restricted
to some degree in their use of water during this drought....drought
is not the only reason for concern. Available supplies of water of good
quality will soon be inadequate, even under normal conditions, to meet
the needs of the expanding population and industrial growth. (9,2)

3. Future Supply vs. Demand for Water
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The Corps began its NEWS project by appraising the capacity of present systems to
satisfy demands expected by 1980. From this survey resulted a list of four "critically
urgent areas", one being Eastern Massachusetts and Rhode Island. One cause of urgency
is the projected growth of population outward from Metropolitan Boston.

Water studies in this area led the Corps of Engineers to report in late 1971 that

.
. .many of the water supply systems in Eastern Massachusetts are

now, or will shortly be, approaching existing safe yields. The largest
existing regional system in Massachusetts is the MDC. Based on the
available safe yield of this system, it is apparent that additional sources
will be needed to supply those municipalities presently served by the
system

.... evidence is strong that a number of other communities
may also apply for service by the MDC. A number of consulting
engineers report many municipalities do not have available the
resources to satisfy their forecasted water supply needs ....

(9,5)

The Corps reported to public meetings held in July 1972

Without new sources of water inflow, Quabbin Reservoir water quality
is not only destined to deteriorate rapidly, but the reservoir itself could
run dry by the year 1985 assuming current withdrawal patterns.
(10, B-25; emphasis added)

The MDC is therefore planning to divert water from the main stream of the Connecticut
River into its main storage reservoir, by pumping it over Northfield Mountain and into
an aqueduct to Quabbin Reservoir. But even this addition would not satisfy the needs
predicted for 1990. Therefore, the Tulley Study is exploring possibilities of diverting
still more water from several streams above Athol into Quabbin Reservoir. Figure 4 shows
graphically the present and projected levels of supply and demand.

These projections for the MDC system, and similar ones noted for Eastern Massachusetts
communities not now members of the MDC, suggest why a widespread problem in the
foreseable future is possible. Our demands for water of good quality are rising. But our
supplies remain finite. Untapped sources can be tapped, but only at significant cost.
Scientists know in detail how much is available on the surface, in lakes, ponds, and
reservoirs. But they know far less about amounts available below the surface, in
underground aquifers. Moreover, they admit that we know too little about how to protect
these underground resources against contamination by salt, industrial pollution, and septic
tank drainage from private homes.

The development of future problems can be suggested simply. Today, towns like Burlington
and Weston can, upon losing their own groundwater supplies, merely tap the MDC system.
It costs taxpayer dollars, but it is possible. The MDC system's capacity, however, is not
infinite. Nor is its source of supply in Western Massachusetts. The MDC system is already
operating at close to maximum. During the drought years of the mid-19605, it was strained
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520

U.S. Army Corps of Engineers, Northeastern U.S. Water Supply Study (NEWS), Southeastern
New England Study, Information Packet for Late-State Public Meetings, July 1972.
(MGD = Million Gallons per Day)

Source: U.S. Army Corps of Engineers (10)

FIGURE 4 ESTIMATED DEMAND ON QUABBIN-WACHUSETT SYSTEM, 1970-90

YEARS
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the MDC mayseverely. In coming years, if many towns at once turn to it for relief,
be unable to respond. (17)

While many citizens worry about problems today and tomorrow, and highway planners
think 10 to 20 years ahead, water planners must worry 50 years ahead. Water planners
are therefore asking: If salt contamination continues at present rates, where will we find
enough water of good quality in the year 2020?
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Given these trends toward rising chloride and sodium contamination of both ground and
surface water, the questions arise: Do these increases constitute pollution? And, if so,
what are the harmful effects? In short, do we need to worry about "salt" in our water?

Considerable disagreement exists about the answers to these questions. After all, sodium
and chloride ions occur naturally in soils, food, and water; in small quantities, they are
essential to human nutrition. Their presence in water does not render it "unclean" or
toxic in the sense commonly associated with the term "pollution".

But "pollution" is a relative term. While some contaminants - raw sewage for instance -

constitute pollutants in any amount, many others are so viewed only when they reach
abnormal or harmful levels. Looked at in another way, the same element may be acceptable
in one body of water where it occurs naturally, but be deemed a pollutant in another
where it is a foreign substance and alters the quality of the water. For instance, people
do not consider sea water as polluted by its high salt content. Yet the much lower salt
content of the Colorado River is viewed as pollution, because it is largely the result of
man's economic activity and because it renders the lower course of the river economically
useless.

For the purpose at hand, we find most useful the definition offered by the U.S. Public
Health Service's 1962 Drinking Water Standards: "Pollution . . . means the presence of
any foreign substance (organic, inorganic, radiological, or biological) in water which tends
to degrade its quality so as to constitute a hazard or impair the usefulness of the water."
(7,2) Using as a basis this definition and the federal standards for public water supplies,
this section will explore the implications of rising sodium and chloride levels for
consumers - with special emphasis on those whose medical conditions require restriction
of their sodium intake.

The complexity of this section is unavoidable. It reflects not only the complexity of
the topic, but also our view that broad public understanding of an issue is a prerequisite
to sound policy. A substantial body of technical literature is available on the several aspects
of the relationships between salts, water quality standards, and health. But we were unable
to find in this literature -or in testimony presented to the Commission a comprehensive
interpretation addressed to non-technicians, whether citizens or legislators. We therefore
attempt such an interpretation here. Our purpose is to relate a body of technical data
to the practical issues of public policy.

In examining the public health consequences of rising sodium and chloride levels in our
water supplies, we have experienced the greatest difficulty in trying to reconcile widely
divergent statements about the safe or acceptable levels of these ions. On the one hand,
the Massachusetts DPH and American Heart Association both advise that sodium in water
above 20 mg/1 must be calculated in the intake of patients on low-sodium diets. On the

C. WHY WORRY?

1. Salt Chemistry: A Primer
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other hand, the USPHS's recommended maximum for chloride in drinking water is 250
rag/1. The Salt Institute, the trade association representing the salt producing companies,
claims that people can consume water with up to 2,000 mg/1 of chloride without ill effects.*

After examining these disparities, we have come to the conclusion that much of the
disagreement about what constitutes "salt pollution", and about whether it is harmful
to the environment or to human health, is due to one important fact: although federal
water quality standards exist for chlorides, they do not as yet exist for sodium. Further
confusion results from differences between technical and lay uses of such words as "salt"
and "salinity", and from misunderstanding of the relationship (or lack of it) between
sodium and chloride. So, the way has been left open for arbitrary and erroneous conclusions
concerning acceptable levels of these two ions in water. Therefore, a brief excursion into
the chemistry of salt is needed to avoid confusion over the precise and limited meaning
of current water quality standards.

To the layman, "salt" is the fine-grained seasoning he shakes on his morning eggs; he
may or may not know that its chemical name is sodium chloride and that it is the same
substance which, in coarser grains, is spread on icy winter roads. To the chemist, however,
sodium chloride (composed approximately of 40% sodium ions and 60% chloride ions
by molecular weight) is only one of many salts, each with its own molecular make-up.
The generic term "salts" designates several groups of compounds, which share the property
of being readily soluble in water - and in which sodium and chloride ions may appear
together (as NaCl), or separately in various combinations, or not at all. The most common
groups, in addition to the chlorides, are the sulfates, carbonates and bicarbonates, which
are found in combination with mineral ions such as those of calcium, magnesium and
potassium, as well as of sodium.t All these compounds, together with many other less
common ones, fall into the general category of "salts".

Similarly, the "salinity" of a body of water refers not to the amount of sodium chloride
but to the sum of all "salts" present. Water quality standards describe them as "total

*Salt Institute, (5, 13). Unfortunately, the Institute does not offer a source for this figure.
We believe, however, that it may come from the PHS's 1962 Standards (7, 33). If so,
the figure of 2,000 mg/1 (or ppm) refers not to chlorides alone but to total dissolved
solids, described below.

To cite some everyday examples, the chlorides include potassium chloride (used in
agriculture and as a "salt substitute" for persons on low-sodium diets) and calcium chloride
(a common industrial waste and, to a lesser extent than sodium chloride, a road de-icer);
the sulfate group includes magnesium sulfate and sodium sulfate (both well known
laxatives), while the carbonates and bicarbonates include sodium carbonate (washing soda),
sodium bicarbonate (baking soda), and calcium carbonate and magnesium carbonate (both
used as antacids).
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dissolved solids."* Moreover, the distribution of salts in the earth's crust is uneven. Thus,
in areas where the carbonate-bicarbonate groups predominate, high sodium levels may
coexist with low or negligible amounts of chloride. At the other extreme, even high chloride
levels may be accompanied by negligible amounts of sodium where the chloride appears
as magnesium chloride or calcium chloride.

These two facts - the multiplicity of sources of both sodium and chloride ions, and the
uneven distribution of these sources - suggest two basic conclusions concerning the
meaning of water quality standards:

o First, since the standards are set on a nation-wide basis, it is obviously
impossible to make broad generalizations about the ratios in which
sodium and chloride ions, or for that matter any other elements in
salt compounds, will be found. Therefore, the standards for one ion
cannot be viewed as having any implications as to safety or desirability
for accompanying levels of another ion

o Second, where the sources of the ions in question in a given locality
are such that a direct relationship does exist - that is, where increases
in one ion are consistently accompanied by more or less predictable
increases in the other - this fact alone may alter the significance of
the standards for that particular locality, or may even suggest
modification of the standards.

This second conclusion applies with particular force to Massachusetts. As we shall note
later in this chapter, there are virtually no natural sources of salts in the state. At the
same time, the vast majority of salts added to the environment are in the form of sodium
chloride. As a result, chloride in our water supplies has long been a reliable indicator
for sodium. That is, elevated chloride levels are consistently accompanied by elevated
sodium levels within reasonably predictable limits, as follows: Since sodium chloride is
made up 40% of sodium to 60% of chloride, the ratio of sodium to chloride would be
2:3 or 0.67 in a pure solution. But, due to differences in surrounding soil and rock,
depth of the water supply, speed and volume of water flow, and exposure (whether salt
contamination comes from direct runoff or via percolation), this ratio varies considerably
in actual samples, and generally falls below the theoretical 2:3. Our study of the 1970
and 1971 analyses of public water supplies in Massachusetts (21;22) shows that, for the

* For instance, the salinity of sea water is made up not only of sodium chloride (though
this salt is the largest contributor at 77.82%), but also of magnesium chloride (9.44%),
magnesium sulfate (6.57%), calcium sulfate (3.44%), potassium chloride (2.11%),
magnesium bromide (0.22%), and traces of calcium carbonate. While sodium chloride is
the dominant salt in most natural brines, it takes second place to magnesium chloride
in the make-up of Dead Sea water. Encyclopaedia Britannica, 1970 Edition, Vol. 19, p.
955.
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vast majority of sources, the ratio of sodium to chloride varies within a range of 1:3
to 2:3 (or 0.33 to 0.67); the bulk of sources fall within a range of 2:5 to 3:5 (0.40
to 0.60).

o Certainly a major conclusion to be drawn from this relationship
between sodium and chloride in Massachusetts water supplies is that
the standards for one ion must be evaluated and applied with a view
to the acceptability of accompanying levels of the other.

To speak of a single standard for chlorides in water is an over-simplification. Chloride
tolerances vary with the use for which the water is intended - industrial, agricultural,
food processing, etc., as well as drinking. While we shall look briefly at some of these
other needs, we are primarily concerned with the standards for drinking water.

In its 1962 Drinking Water Standards, the USPHS divided its standards for the "chemical
characteristics" of water into two categories. (7, 7-8 and 22) In the first or primary group,
exceeding the standards constitutes grounds for rejection of the water supply:

In general, "grounds for rejection" limits are based on the fact that the
substances enumerated represent hazards to the health of man. In arriving
at specific limits, the total environmental exposure of man to a stated
specific toxicant has been considered ....

On the other hand, the secondary or aesthetic standards are only recommended maximums

The limits, which should not be exceeded when more suitable water supplies
can be made available, are based on factors which render a supply less
desirable for use. These considerations relate to materials which impart
objectionable taste and odor to water, render it economically or aesthetically
inferior, or are toxic to fish or plants. . . .

The USPHS's recommended maximum of 250 mg/I for chloride in drinking water falls
into this second category, the primary consideration here being taste. This standard was
arrived at through studies to determine the taste threshold for most users, and is part
of an overall recommended maximum of 500 mg/1 of dissolved solids. (Sulfate is the other
of the salts to which special attention is given because of its laxative effect at high
concentrations.) The main reason for concern over these aesthetic properties of water is
the fear that consumers might spontaneously reject highly mineralized water in favor of
untested and possibly unsafe supplies. (7, 32-34)

However, exceeding the limits of 250 mg/1 of chloride or 500 mg/1 of total dissolved
solids is not automatic grounds for rejection of a public water supply. Indeed, the USPHS
notes that more than 100 public supplies in the United States contain more than 2,000
mg/1 of dissolved solids and that, while the uninitiated find them undrinkable, "many

2. Chloride Standards: A Matter of Taste
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(residents) are able to tolerate if not to enjoy these highly mineralized waters ( ,33)

One might conclude from these figures that the human ability to "tolerate if not enjoy"
high chloride and mineral levels without ill effect leaves public health authorities wide
latitude in enforcing the USPHS standards. But in fact, the trend of thinking among water
quality authorities has been moving in the opposite direction. In 1968, a more complete
report on water quality criteria, issued by the Federal Water Pollution Control
Administration of the Department of the Interior, added a third category of standards
for public water supplies. In addition to the USPHS's absolute limits for toxic substances
and recommended maximums for merely unpleasant ones (here lumped together under
the rubric of "permissible criteria"), this report established a set of "desirable criteria".
Retaining as "permissible" limits the previous USPHS standards of 250 mg/1 of chloride
and 500 mg/1 of total dissolved solids, it set "desirable" levels at less than 25 mg/I (!)and
less than 200 mg/1 respectively. (4, 20)

Most important, perhaps, is the clear indication that the Advisory Committee submitting
this report did not view its standards as giving license to contaminate water supplies to
the maximum permissible levels. Rather, they were set at the upper limits of taste
acceptance in recognition of the fact that some water supplies have a high natural mineral
content. However, in the words of the report: "Increases in total dissolved solids from
those normal to the natural stream are undesirable and may be detrimental." (4, 24;
emphasis added)

But bad taste is not the only adverse effect that chlorides have on water quality and,
therefore, on the economic value of a supply. According to the 1968 Water Quality Criteria:
"High concentrations of mineral salts, particularly sulfates and chlorides, are associated
with corrosion damage in water systems." (4, 24) Here, the 250 mg/1 standard ceases
to be a reliable guideline of acceptability because of the wide variation in tolerances from
industry to industry. The Ohio River Valley Water Sanitation Commission has
recommended "that monthly average chloride concentrations in the Ohio River not be
permitted to exceed 125 mg/1 in order to minimize corrosion of industrial structures.
(It). . . further recommends that 250 mg/1 chlorides not be exceeded at any time to
combat corrosion." Yet an industry statement warns that "increasing the salinity average
above the then 40 to 50 mg/1, or lengthening the periods of high salinity, would increase
corrosion of all metals used in the handling system." (1, 75) One extensive reivew of
literature on this subject (1, 75-6) advised that, while "50 mg/1 chloride generally would
not be harmful to industrial water users, ... no 'standard' chloride level would be
acceptable to meet the demands of all different industrial processes."
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as followsthe variability of industrial chloride tolerance;This review summarize:

food canning and freezing 760 mg/1

carbonated beverages, food equipment washing,
and paper manufacturing (Kraft) 200-250 mg/1

Steel manufacturing 175 mg/1

textiles, brewing, and paper manufacturing
(soda and sulfate pulp) 60-100 mg/1

dairy processing, photography and sugar
production 20-30 mg/1

Even stricter tolerances apply to industries requiring low electrical conductivity in their
water supplies. One Springfield, Massachusetts, firm began experiencing difficulty with the
municipal water supply when chlorides reached a mere 12.4 mg/1 in 1966, (1, 71)

Incredible as it may seem, there are at the moment no federal standards for sodium in
drinking water, either in the primary "grounds for rejection" category or in the secondary
"aesthetic" category. The reasons for this omission appear to be two: First, water for
drinking and food preparation was for a long time not suspected as a source of sodium
sufficient to aggravate conditions of persons with diseases requiring sodium restriction.
(105, 32; 74, 37-8) Second, sodium -- in comparison to other dissolved solids, especially
chlorides and sulfates - detracts little from the "aesthetic" properties of water. Thus the
USPHS's 1962 Standards speak of high sodium levels only in relation to a "deleterious
effect" (unspecified) on coffee and, as sodium sulfate, to "cathartic effects". (7, 34) The
section on "Public Water Supplies" of the 1968 Water Quality Criteria makes no mention
of sodium.

On the other hand, dietary sodium - both that occurring naturally in food and that added
as seasoning, preservative, or leavening has long been recognized as a problem in the
control of numerous medical conditions. These include diseases of the cardio-vascular
system (especially hypertension, atherosclerosis and congestive heart failure), kidney and
liver ailments, certain complications of pregnancy (edema or fluid retention, general
circulatory problems and toxemia of pregnancy), and some metabolic disorders (such as
adrenal insufficiency and some allergic reactions). Persons receiving hormone therapy (such
as cortisone or birth control pills) may also need to reduce sodium intake. (74, 37-38)

We shall concentrate here on essential hypertension, for three reasons: it is the most
prevalent of these conditions; it is one of the chief predisposing causes of heart disease,
stroke, and atherosclerosis; and it requires the severest restriction of sodium. It is not
our purpose to prove the existence of a relationship between sodium intake and

3. Sodium: A Matter of Health
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hypertension. Such a relationship has been amply established by extensive medical research
over the past 30 years. Rather, we shall confine ourselves to summarizing the major
conclusions of this research as a basis for discussing sodium in water as a public health
problem. These conclusions are:* (74; 75; 76; 77; 91; 92; 105)

1. The prevalence of hypertension in a society is closely linked to the average salt intake.
In studies done more than a decade ago, the average daily intake of sodium chloride
(40% of which is sodium) of the adult American male was 10 grams (within a range
of 4-24 grams), with the prevalence of hypertension at about 10%. In contrast, Alaskan
Eskimos, among whom hypertension was virtually nonexistent, were found to have an
average intake of four grams. At the other extreme, the incidence ofhypertension reached
nearly 40% among Northern Japanese, who had an average daily salt intake of 26 grams.
The daily metabolic requirement for sodium chloride is estimated at generally less than
one gram.

2. Increased consumption offoods naturally high in sodium (such as meats and dairy
products) is partially responsible for high average intakes in this country. Much more
important, however, has been the advent of prepared convenience foods and snack foods,
which are usually heavily salted and which often contain sodium compounds as
preservatives.

3. Also, some researchers believe that the addition ofsalt to baby foods creates a "salt
appetite" in the infant, which then influences his salting habits throughout life. One result
is that, where hypertension used to be a disease of the middle-aged and elderly, it is
now showing up with increasing frequency among young adults.

4. Whether a particular individual will become hypertensive depends not only on salt
intake, but also on his genetic make-up and the stress factors in his environment. While
some highly susceptible people will become hypertensive regardless of salt intake or stress
load and others will not despite high intakes and stress loads, most people probably fall
between these extremes. For them the level of salt intake may be a deciding factor.

5. There is no cure for essential hypertension; there is only control. A universal treatment
is rigid and life-long restriction of sodium intake, with or without medication. In the
words of an American Heart Association circular to physicians: "The most rigid sodium
restriction is required for the treatment of hypertension. Intakes of less than 500 mg.
of sodium a day must be maintained to insure maximum therapeutic results." (50)

*The evidence linking sodium intake to hypertension in man - as that linking smoking
to human cancers - is necessarily circumstantial and derivative. Evidence of such a link
in laboratory rats, however, is "direct, quantitative and unequivocal." See especially: Lewis
K. Dahl, M.D., "Salt and Hypertension," The American Journal of Clinical Nutrition, 25:
February 1972, pp. 231-244.
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What bearing can sodium in drinking water have on this relationship between hypertension
and sodium intake? On the other hand, with a few extreme exceptions,* there is no
evidence that even water high in sodium (say, on the order of several hundred mg/1)
contributes to the development of hypertension, or other conditions requiring sodium
restriction. The sodium levels in the average American diet are simply too high for another
500 mg/day from water to make much difference. However, for the patient who already
has one of these conditions, the level of sodium in the water he drinks can determine
tire success or failure of his therapy. This factor is especially critical for the patient on
"strict sodium restriction", that is with an allowance of 500 mg/day:

The basic food in any practical 500-mg. sodium-ion diet contains at least
440 mg. natural sodium ion, leaving a maximum of 60 mg. for the sodium
ion in water. This fact is the basis of the recommendation in the American
Heart Association's standardized diets that ingested water contain no more
than 20 mg. sodium ion per liter or quart. (74, 40)

The assumption here is that the average person uses two to two-and-a-half quarts of water
a day for drinking and food preparation. If this water contains more than 20 mg/1 (or
qt.) of sodium, the patient must either buy distilled water or adjust his diet to compensate
for the excess sodium. Since high-protein foods are generally also high-sodium foods, such
adjustment may deprive this patient of essential nutrients. For the patient on "moderate
sodium restriction" (1,000 mg/day), the consequences are less severe. He may count the
excess sodium/qt. against the "extra" 500 mg/day (approximately equal to the sodium
in a quarter teaspoon of table salt) which he is allowed. (48, 9; 74, 40-1) Given the
difficulty of maintaining a true low-sodium diet, however, even this adjustment must be
considered a hardship.

In a statement presented to the Commission, the Salt Institute infers that sodium levels
in drinking water are not a public health concern. "Fortunately," contends the Institute,
"very few people are on severely restricted sodium diets. So the amount of sodium in
drinking water, even if relatively high, is not a factor in diet determinations for the vast
majority of people." (61, 3) The Institute's President has suggested, as reported by
Newsweek, that persons on low-salt diets should be drinking distilled water. (98)

Dr. Jean Mayer, Professor of Nutrition at Harvard's School of Public Health, responded

The statement by William E. Dickinson, the President of the Salt Institute,
to the effect that the increased salinity of our drinking water (brought
about by the massive use of salt on our roads) is no problem for hypertensive

*According to Cooper and Heap (74, 40): "One clinical investigation revealed that a
relatively tasteless form of sodium compound in two separate private wells was sufficiently
high in sodium ion (4,200 and 3,500 ms
of acute episodes of recurrent congestive

. per liter, respectively) to be the sole cause
heart failure."
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patients "because they should be drinking distilled water anyway"* is a
glaring example of cynicism and disregard for the nation's health. The Salt
Institute similarly protested in the past attempts to decrease the salt content
in baby foods. The facts are that for perhaps 20 million Americans with
high blood pressure, there is need to decrease salt intake without going
to an extreme "salt-free" diet. Hypertension is a major factor contributing
to coronaries and strokes. There is also growing evidence that a high salt
intake is a contributor to the development of hypertension in "normal"
individuals. Business lobbying should stop at the water's edge of the nation's
health. (93)

It is by now axiomatic that coronary heart disease and stroke are epidemic in this country.
Yet the figures for these are dwarfed by those for essential hypertension, a chief
predisposing cause of both. While estimates vary, it is generally accepted that no less than
20 million Americans have hypertension, although half may not be aware of it. Some
authorities believe that the 20 million is a conservative figure and that the actual number
may be 22 to 25 million. (71; 71a; 72) Indeed, so alarming has the incidence of
hypertension become that public health officials are beginning to think in terms of
community programs for detection and control. (6; 71) Thus, even without including other
conditions calling for some degree of sodium restriction ,4 it is clear that as many as one
in every five adult Americans may need water containing a low amount of sodium.

Over the last decade, recognition of high sodium levels in drinking water as a public health
problem has been growing. One result of this is that the EPA’s Advisory Committee for
Revision of Drinking Water Standards is now considering a standard for sodium. Up for
discussion is a dual standard with an upper limit of 270 mg/1, and a warning level of
20 mg/1 for patients on low-sodium diets. (8) As we shall see, this proposal represents
an uneasy compromise between desirability and necessity.

4. What Standards for Sodium?

*The Salt Institute explained to the Commission that its President merely "voiced the
recommendation of the American Heart Association when he said 'People on low-salt diets
should be drinking distilled water anyway'. .

." (61, 16) In fact, the AHA makes no
such flat recommendation. Rather, it recognizes the wide variations in sodium levels from
area to area, and recommends the use of distilled water for persons on a low-sodium
diet only when the local water supply contains more than 20 mg/1 of sodium. (48, 9;
47, 9)

tCooper and Heap (74, 38) state: "If it is reasonable to assume that edema formation
is the ultimate outcome of all far-advanced diseases involving the heart, renal, lung, and
liver insufficiency, then possibly some degree of sodium-ion restriction should be
recommended for most patients with diseases of these organs."
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Unlike the chloride standard, which falls into the secondary "aesthetic" category and is
only a recommended maximum, the sodium standard, if established, would be in the
primary category for toxic or harmful substances. Because exceeding this standard would
constitute "grounds for rejection" of a water supply, the Advisory Committee has had
to be especially careful to take account of the great disparity in natural sodium levels
throughout the country. For instance, a 1961 study determined that more than 1,000
communities in North America use water sources containing more than 1,000mg/1 total
disolved solids; it was estimated that "a large percentage of these supplies have sodium
ion contents in the range of 100 to 1,000 mg/1." (105, 34) In a later sampling of 2,053
representative supplies by the USPHS, nearly 15% had sodium ion contents above 100
rag/1, with 5% at 250 mg/1 or higher. (105, 35)

dilemma for the standard-setters becomes obvious when one considers that many of
fliese waters high in sodium and other dissolved solids occur in arid and semi-arid sections
of the country (such as the southwest and north-central plains states). It is fair to assume
that many affected communities have no less-saline alternatives available should their
present supplies be disapproved.

file compromise figure of 270 mg/1 of sodium was chosen as the basis for discussion
not because of any intrinsic value. Rather, it was chosen because it is the highest level
at which a patient on "moderate sodium restriction" (1,000 mg/day), by alloting his entire
"extra" allowance of 500 mg/day to water, could use the supply. (270 mg/1 - 20 mg/1
allowed = 250 mg/1 x 2 Is. = 500 mg.) Obviously, water with this high a sodium content
would be wholly unusable by the patient on "strict sodium restriction" (500 mg/day or
less) because the basic food in his diet contains a minimum of 440 mg/day.

In conclusion, this discussion of chloride and sodium standards raises an important question
for Massachusetts policy makers: How do the various standards -- proposed or established,
recommended or absolute -- apply to Massachusetts? Two specific comments are in order:

First, the proposed upper limit of 270 mg/l of sodium, if accepted,
would be impracticable as a standard for this state. As we noted earlier,
the ratios in which sodium and chloride ions appear in our water
supplies generally vary within a range of 1:3 to 2:3. Thus, 270 mg/1
of sodium would correspond roughly to between 400 and 800 mg/1
of chloride, far above the recommended maximum of 250 mg/1 for
drinking water and likewise above the tolerances for many industries.

Second, if it is accepted as a goal of public policy to make safe,
high-quality water available to the largest possible amount of the
population, then we may have to review the acceptability to
Massachusetts of the national chloride standard of 250 mg/l. Again,
the ratios of sodium to chloride found in our water supplies are the
critical factor. Given the 1:3 to 2:3 range of ratios, 250 mg/1 chloride
would infer sodium levels between 83 and 166 mg/1, or four to eight
times the warning level for patients on low-sodium diets. Conversely,
if we wish to keep sodium levels within this 20 mg/1 limit, then our
goal for chlorides must be on the order of 30-60 mg/1, not 250. It

i
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is worth remembering that 30-60 mg/1 chlorides is still higher than
the 25 mg/1 "desirable" limit set by the 1968 Water Quality Criteria.
(4, 20)

A more general comment is that Massachusetts policy makers should be aware of the
"non-degradation" principle which has been gaining currency in pollution control legislation
and programs. Such a principle is implied by the statement in the 1968 Water Quality (
Criteria that: "Increases in total dissolved solids from those normal to the natural stream
are undesirable and may be detrimental." (4, 24) In the related area of air quality standards,
a recent Federal Court decision explicity invoked "non-degradation": In a case involving
ground rules for compliance by states with the Clean Air Act of 1970, a U.S. District
Court Judge ruled that the Environmental Protection Agency may not approve state
pollution abatement plans which permit significant deterioration where a state s i
quality now exceeds federal standards. Senator Thomas F. Eagleton of Missouri charge\/
in a letter to EPA Director William D. Ruckelshaus that failure to enforce maintenance
of existing air quality would constitute "a license to pollute". (86; 87)
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We examine in this section the set of physical relationships between water and soil. After
touching on problems of evidence, we shall review possible sources of salt contamination
and then describe how salt can enter groundwater.

1. Problems of Evidence

Testing sources for contamination is done relatively easily and cheaply, by drawing samples
of water from the reservoir or well. But tracing the routes of contaminants back to their
origins is more difficult and costly, especially when sources and routes lie underground.

the nature of most of our evidence about salt contamination today is
rather than direct.

today is

The reasons are several

o First is the complexity ofgroundwater sources: aquifers - the porous
geological formations which hold water for wells and springs can
vary in depth from a few feet to hundreds of feet, and in area from
a few acres to many square miles; aquifer recharge also varies according
to the physical and chemical characteristics of rocks and soils.

o Second is cost: drilling wells to draw samples is more expensive than
simply dipping them from surface reservoirs; the chemical test for
detecting sodium has been, until the mid-19605, more costly and also
less accurate than that for chloride.

Third is the chemical process of "ion exchange": Although sodium
and chloride ions both move through the soil, they do so at different
rates; chloride moves faster, tending not to be retained by the soil,
while sodium moves more slowly and is more attracted chemically to
the soil; this accounts for the relatively higher ratio of chloride to
sodium in groundwater than in surface water receiving salt in direct
run-off.

o Fourth is the difficulty of conducting research in a natural setting.
extraneous influences are many and confusing; precise laboratory
controls are usually not possible

o Fifth is the variety of possible origins: chloride ions may come from
many chemical compounds used by industry or present in household
sewage; similarly, compounds containing sodium ions are commonly
found in soil, varying by geographic region; road salt is both stored
in piles, to which run-off can be traced easily, and spread for miles*

along highways, which makes tracing far more difficult.

D. WHAT CAUSES SALT CONTAMINATION?
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Sixth is the generally slow movement of water through the ground:
hydrologists measure it in feet or less per year, in contrast to swift
flows on the surface, which they measure in feet per second.

Most significant for makers and administrators of public policy is water's slow rate of
movement through the ground. The results of today's practices - such as dumping garbage
in low lands, spraying chemicals on croplands, pumping oil and gas field brines into
deep-wells, and spreading salt on highways - are not likely to appear in groundwater until
years later. Contaminants in a surface stream can, once the origin is removed, be flushed
easily, perhaps within a week; but those in a large fresh-water lake can remain for years;
and those in an underground aquifer can remain for many remain (one writer suggest,*
200 or more). (81,215; 12,4; 14,10; 69,2) Weston pumped its main well for 30
but could not flush out the chloride; two years later, chloride remains excessively hia -v

This lag time of years makes it extremely difficult, if not impossible,
for scientists to estimate if and when the upward trend of chloride
and sodium in water supplies will level off or turn downward. This
is why public officials, knowing the warning signs of a problem but
having so little evidence about its origin and process, face such a
difficult task in deciding what should be public policy.

Evidence tracing the causes of salt contamination not only arrives late, but also costs
dearly. Weston officials suspect the likely cause of contamination of their main well, but
are paying thousands of dollars to consulting engineers to gather the evidence needed
to confirm or modify their suspicion; two years after the event, the investigation is still
not finished. Burlington, too, hired an engineering firm to trace their problem.
Investigations by the USGS and Massachusetts DPW of complaints from such towns as
Burlington, Auburn, and Goshen are also costly, but the expenses are paid largely by
state and federal agencies. The DPW is conducting, in cooperation with USGS and the
Federal Highway Administration, a "salt budget" study, to measure exactly how much
salt is spread on various test roads, under what conditions of weather, and with what
results on adjacent water supplies; this 7-year study is costing $lOO,OOO per year, and
will not provide definitive results until 1977. With studies so costly, it is not surprising
that efforts to trace the relationship between salt and water supplies have been so few
and so recent.

Therefore, in most cases where DPH tests have registered the rise of chloride, the cause
or causes of salt contamination have probably not been traced definitively. Accordingly,
concerning the chloride increase in the MDC's Framingham No. 3 Reservoir, especially
during one year, 1970-1971, the Salt Institute offered to the Commission a comment
ascribing the rise to "unknown reasons, perhaps related to highway de-icing and perhaps
not." (61,11) In the absence of a study such as the USGS made at Burlington, this
comment cannot be debated.

But such strict rules of evidence are not always likely to offer much help to public official
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facing practical questions of policy and administration. Even if public budgets could afford
costly studies of groundwater supplies, the possibility of losing water by contamination
makes it unwise merely to wait months or years for definitive scientific reports. Therefore,
public officials, like businessmen making decisions amidst uncertainty, may feel compelled
to act on the basis of only circumstantial evidence; they must seek probable causes, relying
upon such evidence as may already be at hand together with an understanding of the

;onable estimates of trends and costslaws of chemistry and physics as well as rea;

In this manner, we reviewed suggestions from v
of salt contamination.

arious authorities about the possible causes

Possible Causes, Natural and Man-made

Man's natural environment is one source of salt contamination. Salts occur in high
concentrations in seawater, in the waters of arid and semi-arid regions, in certain types
of rock, and in some large deposits capable of being mined. (54,4)

In Massachusetts, public health authorities conducted a study in 1942 which showed how
sea salt, blown inland in fine particles by winds and carried to earth by rain and snow,
affected water sources. (73,174) Wind-blown sea salts account for the progressively higher
chloride levels closer to the coast, as shown in the several charts (Figure 3) reporting
levels since 1890.

Seawater is the major natural source of salt in Massachusetts. Our soils and rocks contain
little or no salt, according to the State Geologist, an advisor to the Commission. The
small amount of salt from natural sources is shown (Figure 3) by the low chloride levels
recorded between the 1890 s and 19405. The State Geologist therefore concludes that salt
contamination on the scale we are considering here cannot result from natural causes;
it must be a man-made problem. (29)

Man-made causes are the use of chemicals in agriculture and industry as well as the
waste products of human life. Salt contained in chemicals used in agriculture, such as
fertilizers and pesticides, may be carried from croplands into streams by rainwater, or
may seep down through the soil into groundwater. Salt is contained in the waste products
of industrial processes, usually discharged directly into streams. Salt in human sewage
migrates from septic tanks through leaching fields and gradually through the soil into
groundwater.

To protect public water supplies from contamination of any kind, the DPH specifies the
distance which a well must be from such sources of contamination before certifying it
for public use. (17) The minimum requirement for gravel-packed wells is 400 feet, and
(or tube wells is 250 feet.

sThe 80-year records of the DPH fortunately provide an invaluable historical benchmark
against which to view recent trends. These records show the levels, established decades
ago, of chloride contributed by nature and man; these levels remained both low and
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relatively constant until the 19505. The Commission has received no data suggesting that
salt in agricultural, industrial, and human wastes has increased enough within the past
two decades to account reasonably for the amount of increase of chloride in water supplies.

We turn therefore to the possibility of salt used for de-icing highways. The Massachusetts
Legislative Research Council was directed by the General Court in 1964 to

.
.

. study the use of calcium chloride and sodium chloride for the
removal of snow and ice on highways, with special reference to the
effect of such use upon (1) the vegetation, (2) the public works, i.e.
road surface and storm sewer construction materials, motor vehicle
underbody deterioration, and other related matters, (3) the public
health, (4) animal life, and (5) fish in the commonwealth . .

.

(27)

The Legislative Research Council is limited by statute to "statistical research and fact
finding". Its report therefore contained no recommendations for public policy or proposals
for legislation.

This limitation probably also explains why the Council needed only three-and-one-half
pages of its 80-page report to report its findings about public health. The scientific studies
then available examined how salts act chemically under various icing conditions and how
they affect concrete, bridges, and automobiles. Only two studies were reported on roadside
trees in Massachusetts and New Hampshire; but "since the views of experts are at such
odds, the question of salt as a contributing
unresolved." (27,12)

favor in the demise of roadside trees is

The studies we are reporting here did not e
authorities were concerned about the trend.

;ist in 1964; although health and water
;alt contamination had not become acute

concluded

It is known that both well and surface supplies of drinking water have
been affected by increased use of salts. Thus, the Massachusetts
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 Department
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 otherwise pure water supplies.
The Department of Public Works was asked to cooperate in an effort
to minimize this danger. (27,12)

The Legislative Research Council report also noted the switch to salt since the mid-19505,
when highway authorities adopted a "bare pavement" policy and began relying upon salt
instead of sand to fight ice. However, it reported:

in enough cases to worry the general public. However, the Council did report the
"disturbing substantial increase" of chloride in Springfield, which we noted above. It
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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 concentration
of dissolved salts on the highway. Where the chloride content has
increased in local water supplies, they believe it is more likely caused
by run-off from salt storage piles where there is a high concentration
of solution. Another likely source is the terminal point of a drainage
system

.

.
.

(27,76)

The Massachusetts Turnpike Authority received complaints from the town of Auburn in
1961 and two well-owners in Natick in 1964 alleging contamination from salt drainage.

a Turnpike official, presumably a maintenance engineer, disputed this allegation:

I do not agree with such a conclusion. However, even if some of the
wells adjacent to the Turnpike are polluted due to the use of NaCl
or CaCl2, we cannot eliminate the use of these chlorides. They are
absolutely essential to the safety of motorists . . ." (54,5; 27,75-76)

Flows of water in the ground are complex. A given cubic foot of water may be on the
surface at one place, then descend into groundwater at a second, and emerge again as
surface water at a third. Mapping these flows by drilling tube wells is time-consuming
and costly.

As a result, we understand too little about groundwater. Legends persist of vast rivers
and lakes underground which supply fresh water without limit. This conception of the
nature and occurence of groundwater is completely misleading. Groundwater does lie under
much of the United States, including Massachusetts. But underground supplies are by no
means unlimited. They are also sensitive to contamination.

We also understand too little about how contaminants affect various types of soil and
move through them. We do know the basic behavior of common salt's components, the
sodium ion (Na +

) and chloride ion (CL). Frederick E. Hutchinson, Professor of Soil Science
at the University of Maine, explained in a recent paper;

Relatively high concentrations of sodium and chloride ions in soils
can adversely affect plant growth. Also, soils containing large amounts
of exchangeable sodium frequently develop undesirable physical
properties, such as poor drainage. Since sodium ions are positively
charged, they are attracted to negative sites in soil clay and organic
particles. The soil thus tends to filter the sodium out of percolating
water, leaving the chloride ions free to leach downward into the water
table. (88,6)I

3. How Salt Can Enter Groundwater
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But scientists do not know enough about how rapidly or slowly these ions move, and
how they may build up over time. This uncertainty assumes great importance in discussions
about what should be public policy.

The Salt Institute stated to the Commission, as it does routinely in print, that: "Salt
is a natural substance present in all water. In fact, some four million tons of salt fall
on the surface of the U.S. every year in rainfall." (58,13)

Salt does fall with rain, after being blown inland from sea coasts. This suggests a natural
cycle, with salt being carried from the land into rivers and out to sea, where waves
breaking on rocks toss it into the air to be carried inland again by east winds. TJ&
unspoken message is that spreading salt on highways does not disrupt this cycle.

However attractive, this rationale of the natural cycle is misleading for two reasons: firs/,
it depends upon an assumption that salt moves through the ground quickly and without
interruption; second, it assumes that the balance of nature's mechanisms will not be
upset by large and sudden additions of salt. Each reason deserves a comment.

Research to date has not confirmed the first hypothesis, that salt moves through the ground
quickly and without ill effects. In the case of Burlington, average chloride levels in 1963-65
were about 60 ppm (one ppm is roughly equivalent to one mg/1). During 1968, when
the saltpile was removed, the average at the main station was 140 ppm. But the peak
level of 283 ppm, which almost led to closing the pump, occured only two years later,
in July 1970. Only by 1971 did the average return to the 1968 level. (13,5; 22,11)

Hutchinson randomly chose 115 wells along Maine highways and sampled each twice a
year during 1966-68. He reported in a scientific paper:

The data indicate that levels of both sodium and chloride ions in the
wells sampled were much higher than "normal" in many instances,
with sodium averaging approximately 7-76 ppm and chloride averaging
between 150-171 ppm. Considering
away from highways contain only 3
that highway salting has increased

the fact that most wells sampled
■4 ppm of these ions, it is evident
their concentration. . .

250 ppm of chloride as the upper
for human consumption (as

It should be noted, if one considers
limit of acceptability in water
recommended by the USPHS), that 19% of the wells sampled in both
October and April were unacceptable for human consumption. In
addition, there were many other wells which were approaching this
upper limit. . . (84,18)

In Hutchinson's data, levels declined as the distances between highways and wells increased
however, levels rose with the number of years of salting. (84,)

This accumulation over time, noted also by other researchers (89,295; 12,2; 73,174; 79,65),
has been attributed to several factors, including type of soil, the sodium ion's tendency
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to remain in soil, and amount of water flushing through the soil. The net result is that
sodium and chloride ions move through soil and groundwater slowly; hence their movement
is measured in feet per year.

To investigate the same problem in Massachusetts, the DPW and USGS began then-
cooperative study to monitor concentrations of chloride in ground water along state
highways. Concentrations can differ for many reasons, such as amount of salt spread,
type of soil, type and amount of precipitation, and design of highway drainage. Ten sites
representative of these factors were chosen. Figure 5 shows, as an example, how three
wells were drilled in Chelmsford. The USGS investigations showed a relatively slow
movement of salt through the unsaturated zone and then through the groundwater. Arv
one case, where the water table was only two feet below the ground's surface, a
12 months lapsed before the salt reached the observation well only 30 feet fromClE

highway. Other lapse times varied from a few months to a few years. (1,74; 79,619

The more recent DPW-USGS 7-year study begun in 1970 is monitoring 14 wells at various
depths at 6 test sites. This "salt budget" study seeks to measure exactly when and how
much salt is spread and to correlate these observations with the number and movement
of ions through soils. (12)

Incidentally, the salt budget study also seeks to measure how much salt seeps into the
ground and how much is carried away by surface drainage. In a Vermont valley river
basin recently studied by a hydrologist, the researcher concluded: "salting roads definitely
does raise the salt level of streams that flow nearby. . . .

Assuming salting continues,
one should be alert to possible damages to streams and water supplies, on both a yearly
and cumulative basis." (89,293; emphasis added) After studying 7 large rivers in Maine,
Hutchinson concluded:

Therefore, it appears that the influence of highway salts on sodium
and chloride levels in our rivers is compensated for in the spring, when
snow melting is at a maximum, by the increased volume of flow in
the rivers. However, it is possible that this annual flush of material
through the watershed could result in a salt accumulation in some
lakes over a period of years.(Bs,s)

Hutchinson, in his several papers we have seen, addressed neither this question of surface
runoff vs. ground seepage, nor that of how salt in groundwater may return to rivers and
the sea. The DPW-USGS study does so, by observation wells and gauging stations along
streams. It seeks to measure, with more precision than has been done to date, the observed
accumulation of sodium and chloride ions in soil and water.

Finally, the assumption that salt moves through the ground and safely to discharge points
seems dubious for yet another reason. Even if some sodium ions did not remain ar\i
accumulate in the soil, they would still reside for some time with chloride ions p
contaminants in ground water. Moreover, because of their slow migration toward discharge
areas, the depression cones of wells drilled into the water table in the migration route
could divert salt-laden water into drinking water systems.
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The second assumption supporting the rationale of the natural cycle is that nature's network
of soils and streams can cope with large additional amounts of salt. Only a moment's
reflection is needed to question whether, when man spreads large quantities of salt on
the land, he is conforming to nature's pattern, or even just hurrying its cycle along a
bit. Indeed, companies dig salt from underground mines in Kansas, New York and
elsewhere, or extract it from Caribbean seawater by evaporation, and then ship it into

There, highway departments add it to the natural cycle.

The amounts they add are large. We lack precise figures for each town or state or river
basin. But the salt industry reports steady increases in its sales of road salts, reaching
a high of 9.8 million tons in 1970-71. (100,27; 69,1) This amount is almost
tycvand-one-half times the estimated four million tons added annually by nature's rainfall.

Mo7eover, man concentrates the spreading of these millions of tons in the northern
snow-belt states, which receive only part of the rainfall on the continental United States.
One scientist therefore estimated that "the rate of natural input of salt to groundwater
and lakes in the snow belt must have been at least doubled, probably quadrupled, by
road salting (without considering industrial inputs)." (53,50) In summary, data and studies
presently available cast doubt upon the assumption that the natural cycle is not being
overloaded, at least in Massachusetts, by unnaturally large amounts of salt.

During the past 8 years, most highway authorities fighting ice have continued their reliance
upon salts, as reported in 1965 by the Legislative Research Council. Moreover, they have
apparently been increasing their rate of usage. The Governor's Task Force on the
Environment, known also as "Mass. Trash", reported increases of two- to five-fold by
several towns along Route 128. (30, Chart IV).

The Massachusetts DPW, which maintained 9,530 lane-miles as of July 1971, or about
10% of the state's highway mileage, reported that its use of salts has increased almost
9-fold during the past 17 years: during the winter of 1954-55 it applied 26,000 tons
to 6,125 lane-miles; in 1971-72, it applied a record high of 231,344 tons to 9,780 lane-miles
(Table 4). Not surprisingly, therefore, and despite an increase of only 59%, or 3,655
lane-miles, to be kept free of ice, the amount of salts applied annually also increased
over five-fold, from about four tons to about 23 tons per lane-mile* (15,14; 12,1)

This upward trend in use of road salts corresponds generally with the upward trend in
average chloride levels in public water supplies within 100 miles of the coast during the

4. The Probable Major Cause: Road Salt

*These rates were calculated indirectly, simply by dividing the total number of lane-miles
into the total number of tons applied, rather than directly, by observing and metering
the amounts of salt spread during storms. The DPW's current "salt budget" study is
fe,■liering these precise data in test areas.



TABLE 4 �SNOW AND ICE CONTROL
MATERIALS USED BY MASSACHUSETTS DRW,

1955-1972

SODIUM CALCIU!*^
FISCAL YEAR LANE MILES* SAND (TONS) CHLORIDE (TONS) CHLORIDE rf £

1955 6,125 305,238 24,689 1,320

1956 6,257 552,531 32,464 642

1957 6,342 594,230 39,240 1,345

1958 6,454 391,350 35,450 1,410

1959 6,814 442,403 39,581 1,839

1960 7,049 374,321 47,665 2,518
1961 7,243 237,892 67,000 4,945
1962 7,522 321,024 83,779 2,804

1963 8,133 327,854 85,608 4,873

1964 8,300 326,730 99,026 4,975

1965 8,614 296,605 112,929 4,953

1966 8,443 250,212 110,416 5,277

1967 8,754 273,685 136,727 5,704

1968 8,936 214,734 122,497 5,567

1969 9,266 168,355 165,882 5,576

1970 9,395 201,041 196,371 5,938
1971 9,530 207,885 197,010 6,190
1972 9,780 -- 225,378 5,966

Massachusetts DRW defines 'lane-mile' to include one single lane for one mile; some other states, however,

include two lanes per mile in their definition. For further discussion, see Chapter 111

i

Source; Massachusetts Department of Public Works, Maintenance Section
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same period, as shown by DPH records (Figure 3); rainfall has remained at or below normal
levels and so, presumably, has rain-borne chloride. Five studies have noted this correlation.
(12; 30; 53; 63; 66,82) We show this correlation in Figure 6, an index based upon DPH
curves (Figure 3) and Massachusetts DPW data (Table 4).

The smaller increase in average chloride levels, about four-fold compared with the eight-fold
[increase of salt used by the DPW, offers little or no comfort, because of the lag caused
by slow speeds at which chloride ions seem to migrate through soils and into groundwater
supplies. Therefore, because of the increase in salt use and the lag-time, the most worrisome
questions about increasing chloride levels of groundwater supplies are whether and when
the salt contamination curve will flatten out or turn downwards.

*r reviewing data on the most obvious point of impact, surface sources, we shall turn
to the more difficult question of salt's impact on groundwater sources.

Nobody disagrees about the probable cause-and-effect relationship between salting of
highways and salt contamination of surface water bodies. Studies sponsored by the Highway
Research Board, confirmed by Hutchinson, note that shallow, hand-dug wells and farm
ponds are most susceptible. Not surprisingly, the closer such sources are to highways,
especially to stockpiles of salt or to ends of drainage ditches, the higher levels of chloride
they may contain. (54,70) However, remoteness from highways and stockpiles does not
guarantee safety, as Massachusetts DPH warned water agencies in 1964, because ditches,
drain pipes, brooks, and low-lying swamps can carry salt-laden runoff waters for
considerable distances. (27,74)

The U.S. Environmental Protection Agency (EPA) emphasized, in its 1971 study
Environmental Impact of Highway De-icing, that still waters in lakes, marshes, reservoirs,
and bogs are especially vulnerable. Many towns routinely clear business streets by trucking
away snow, laden with oil and lead as well as salt, and dump it into the nearest pond
or onto flood plains or higher lands draining directly into it. Excessive salt can upset
tlie pond's natural spring and fall mixing of surface with sub-surface waters. Over several
years, salt not draining out may build up in the pond, harm water life, and seep into
associated soil and groundwater. (1,58-61) Measuring the extent of this type of
contamination is one task of the EPA's two-year research study.

The most probable cause of rising average levels of chloride in the MDC's major reservoirs
- 150% in Quabbin and over 300% in Wachusett between 1955 and 1970 - - is road
salt. The MDC cites this cause with considerable confidence. Quabbin has "one of the
most strictly-controlled watersheds in the United States". (32) Few roads cross the
watershed, the number of towns is negligible, the watershed has no industrial plants, and
septic tanks have not increased enough to account for such an increase of chloride. More
roads cross Wachusett's watershed, and closer to its shore; similarly with Sudbury's
watershed. Major highways run right along the shores of Framingham No. 3, where the
||ferage chloride level more than doubled over the five years, 1965-70, and almost doubled

again within a single year, 1970-71; an MDC engineer reports that this rise "can be directly
related to salt storage and usage of the Mass. Turnpike, which has several ramps and
a section of road on the Hessell Brook Watershed." (32) Signs of salt above natural
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IFIGURE 6 INDEX OF INCREASES IN SALT APPLIED TO STATE
HIGHWAYS AND CHLORIDE LEVELS IN GROUND-
WATER SOURCES, 1955 - 1971
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levels first appeared in 1960 or 1961, when samples showed chloride ions stratified at
the bottoms of these reservoirs; now, chloride is generally mixed in their waters.

As with salt runoff into surface waters, nobody disagrees now about the danger of
contamination from salt concentrated in piles close to water sources. An extreme case
occured in Burlington.

More difficult detective work is required to confirm or disprove a linkage between high
chloride levels and general spreading of salt on roads and highways. In the case of
Burlington, USGS estimated the source of salt contamination as follows (13,7):

3

(a) Used by Burlington (including storage and
application to roads)

(b) Applied by Mass. DPW
(c) Applied by Lexington (42% of Vine Brook

Basin lies in Lexington)

Source: U.S. Geological Survey (13)

These figures are significant, because they show in perspective the amount of contamination
resulting from spreading, as distinct from storage. The Salt Institute has stated (95) that
Burlington's problem resulted mainly, if not wholly, from the stockpile, placed right above
the wellfield, with neither a cover above to ward off rain and snow, nor an asphalt pad
below to prevent salt from seeping into the soil, until the pile was sheltered in 1968.
But the USGS investigation two years later concluded that half or more of the chloride
contamination resulted from the spreading of salt on roads crossing the watershed. For
t'is reason, Burlington authorities requested the DPW to limit its spreading of salt on
-St’rle highways.

TABLE 5

SOURCES OF SALT CONTAMINATION
OF BURLINGTON WELLFIELD, 1971

1. Highway Salt:

2. Septic Tanks and industrial contamination
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In Weston, the source of salt has yet to be established. Weston authorities studied town
water records and the drainage basin supplying the Nickerson well. This watershed is crossed
by both Route 128 and the Turnpike. Highway authorities apply much salt during winter
to melt ice from both the complex interchange and the broad toll plaza; also, salt was,
for a time, stockpiled in the basin. Weston, therefore, suspected road salt as the primary
source of chloride contamination. To improve drainage, the Turnpike Authority spent
$60,000 to install a metal-plate culvert during adverse January conditions. (19) Weston now A
awaits the result of engineeringstudies now underway. �

The high chloride content of water from the wells is probably largely
caused by downward percolation of melting water containing salt .

. . . applied to the Turnpike, Interstate 290, State Routes 12 and
20, and local streets, and by infiltration of salt water from the roads
to the brooks that flow past the wells.

High chloride concentration may also be caused by sewage and effluent
from dumps and industrial plants . . . however, the fact that initial
chloride concentration of water from Wells 1, 2, and 4 were within
the range of uncontaminated ground water suggests that, when these
wells were installed, wastes had not contaminated the aquifer near them

(14,8-9)

USGS researchers reported the significant annual increases of salt spread on roads above
Auburn's wells, but noted: "Detailed studies of geology and ground water at and near
the highways, well, and stream would be required to show the pattern of salt transport
to the wells." (14,12)

In Goshen, DPW researchers believe that the most probable cause of contamination is
road salts spread on Route 9 running through the village.

Finally, experience in New Hampshire provides significant evidence. Robert B. Dowst, Water
Supply Engineer, reported six years ago, in May 1966:

The New Hampshire Department of Public Works and Highways have
over the past thirteen years been receiving an increasing number of
complaints concerning the presence of highway chlorides in private
water supplies. Investigations have indicated that elevated chloride
conditions exist in many ground water supplies adjacent to highways.
Thorough investigation has documented the source in practically all
instances as the ice-removing chemicals utilized in our highway winter
maintenance program (79,63)

I

In Auburn, USGS hydrologists concluded that
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At that time, the New Hampshire DPW was receiving more than 200 complaints yearly;

in 1965, 80 cases of contamination by highway salts were confirmed and replacement
supplies were provided. It is worth nothing that New Hampshire recognized the problem
apparently before most states: its General Court enacted one law in 1959 referring to
damaged supplies, and another in 1965 amplifying the Department's responsibility to
replace them. (79,64)

The studies and reports reviewed here lead us to conclude that the probable major cause

of increasing contamination in Massachusetts water supplies is road salt.

3

*
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After this lengthy but necessary discussion of salt and water, we can turn to the important
questions of public policy. Accordingly, we now move from areas dominated by specialists,
such as scientific researchers, toward areas where an important role must be played by
generalists, such as legislators and city or town managers. For three or four decades, policy
governing the use of sand, salt, and other ice-fighting agents has probably been set mainly A
by specialists. Highway officials charged with maintaining the safety and carrying-capacity �
of roads during winter have viewed sanding and salting policies as matters of concern
to motorists and highway departments alone. But today, more people recognize that
salting has effects beyond the useful result of melting ice. These secondary effects concern
citizens other than motorists, and officials in other than highway departments,
salting is becoming a topic ofbroad public concern, it is thereby becoming an issue merit >3?
attention as broad public policy

Before looking at possible policies for tomorrow, we should understand what today's policy
is, why it developed, how it is practiced, what problems are associated with it, and how
it is being revised by several highway departments.

Today's policy is described generally by the term "bare pavement". Highway authorities
agree that the concept ofproviding bare pavements throughout the winter became generally
accepted during the 1950s as their goal, ideal, and standard of public service. This also
occurred in Great Britain (106,207) and probably the continental European countries as
well, no doubt for similar reasons.

The bare pavement policy was not, apparently, decreed by edict. It seems instead to have
been adopted only gradually as the multitude
cities, and states began responding to a series
World War 11. These changes became reasons
against ice and snow.

of highway departments in snow-belt towns,
of economic and technological changes after
for turning to salt as their principal weapon

1. Salt - The Best De-icing Agent

We should begin by recalling why salt is so useful on winter roads and so essential to
the policy of maintaining bare pavements. The Salt Institute lists six reasons (58,3);

a. The safest pavement is a bare pavement. And only de-icing
chemicals can completely rid pavement of ice and snow.

b. Salt is highly efficient. Pound for pound, it is the most effective
deicing chemical available.

*
It is economical. As a mineral mined from the earth, its cost
is lower than man-made chemicals that melt ice, . . .

111. TODAY'S "BARE PAVEMENT" POLICY

A. ORIGINS
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Salt is in abundant supply. Sufficient amounts exist in the earth
to meet man's needs for thousands of years

....

d.

e. Salt is readily available. Deposits are located throughout the
country and snow-belt cities can be supplied quickly from central
supply points.

f. Salt is easily handled and stored prior to use.

In particular, it is salt's efficiency as a de-icer which has caused highway departments
favor it increasingly over sand. Sand and other abrasives (ground granite, finely-crushed

js, and even kitty Utter have been tried) offer traction to tires, but cannot melt snow
an? ice. So, they cannot prevent the "pack" which highway crews dread, or the resulting
"bond" between ice and pavement. On high-speed state highways, sand is quickly blown
aside by traffic. Highway Departments may have to spread sand many times to keep
traction available as layers of snow build up; but only two or three spreadings of salt
during a normal Massachusetts storm will keep working to melt snow and to prevent
it from packing down and adhering to road surfaces. Sand without some salt tends to
cake in freezing temperatures and cannot pour evenly, if at all, from the back of a spreading
truck. After use, sand does not dissolve and run off in snow-water, as does salt; it therefore
fills up catch basins and clogs drains. Clearing drains is costly in labor, and a major reason
why highway departments usually find the total cost of sand, from purchase to spring
pick-up, higher than that of salt.

Two among many types of salt are the most useful on snow-belt roads in winter: sodium
chloride (NaCl) and calcium chloride (CaCl2). Although water freezes at 32 degrees
Fahrenheit (°F), sodium chloride melts ice effectively down to about 10°F. Calcium
chloride continues melting ice effectively down to about -40°F. During colder weather,
highway departments generally add some calcium chloride to their normal supply of
sodium chloride or mixture of sand and sodium chloride. But they use calcium chloride
sparingly, because it is six times more costly than sodium chloride: of the 203,200 tons
of salts used by the state DPW in 1970, only 6,190 tons were calcium chloride. For
simplicity in this report, we have referred to the chlorides of both calcium and sodium
as "road salt" or "salt." Adams (68a) explains the chemistry of how salt melts ice.

Once the bare pavement policy had been adopted, the switch to salt as the agent of
choice was a simple decision. Far more complex, however, were the gradual changes which
led up to the general acceptance of bare pavements as the standard for wintertime highway
maintenance. These changes, largely economic and technological in nature, were both
quantitative and qualitative.

We more obvious quantitative changes resulted from America's growth since 1945.
Population increased, especially in Eastern Massachusetts. Population also moved,
dispersing from Boston and its immediate environs first into suburbs along Route 128

2. Economic and Technological Changes
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and more recently toward 1-495. Both a cause and an effect of this dispersion was the
dramatic increase in the number of cars and thus of highways. Moreover, railroad services
declined markedly, or ceased entirely, so that a major portion of freight now travels by
truck instead of by rail. People grew accustomed to and dependentupon greater mobility,
both for daily commuting to distant jobs and more frequent weekend travel. Schools
were centralized, requiring fleets of school buses traveling on almost all highways. More
highways demanded larger maintenance crews. Larger crews and more highway miles as
well as inflation required more dollars for maintenance.

Closely related to these quantitative changes were changes in quality. The cars of 1970
are bigger and more powerful than those of 1950. Drivers are also accustomed to faste
travel, at 60 mph instead of 40 mph, on better roads. Cars enter and exit today's
highways at a few interchanges only. While turning, as on ramps at cloverleaf intersectio*S|'
vehicles are especially prone to skid sideways. Elevated bridges and ramps are worse,
because they are exposed to cold both above and below the road surface, which therefore
freezes faster. Highway men have learned that "to lose a ramp is to lose the highway",
because one vehicle stuck on a ramp during a storm can prevent all others from entering
or leaving that section of highway. So they salt ramps heavily.

These technical and economic changes fostered, in turn, changes in attitudes and behavior.
Our low-slung cars, magnificent highways, and tight commuting schedules meant greater
demand for delivery of good highway maintenance service. Conversely, improved year-round
maintenance raised public expectations and dependence on the automobile. The process
fed on itself. As the margin for error fell, the pressure on highway crews increased. After
a storm in 1945, it was good enough to push snow aside the next day and spread a
layer of sand or cinders. Today's ideal is expressed by the phrase, alluringly simple yet
misleading, "June travel in January".

The response of highway maintenance foremen and managers to these pressures has been
understandable: Because the concept of "bare pavement" is clear and instantly
comprehended, it is a simple and workable guideline for all snow-clearing crews to follow.
It reduces the need for judgement by many men at many locations. This is no small
help for supervisors, already beset by fickle weather. They must often depend upon
part-time crews and workers who are neither hired nor paid to make independent decisions.
For top maintenance managers, their choices may be reliable and effective salt vs. unreliable
labor of uncertain effectiveness; in this case, their decision is easy, especially when salt
is cheaper than labor and when citizens complain about slow roads. Moreover, motorists
also recognize when pavements are bare, and therefore when highway crews have done
their job. The simplicity and self-evident character of the bare pavement standard is
one of its great virtues.

*
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1. Behavioral Problems

But salting to the bare pavement is not without problems, which tend to be obscured
by the notion of "June travel in January". Behavioral problems result from the pressures
upon the various actors in the drama of salt against ice. Everyone knows how a major
storm can close schools, upset business schedules, and thus disrupt our economy.

Massachusetts weather remains as fickle as ever. During a typical storm, snow and ice
conditions can vary from mile to mile. Although weather forecasting improves, it remains
'J from perfect. No general rule can be handed down from DPW headquarters in Boston.

w a blizzard, therefore, all depends upon the eyeball judgment of each crew foreman
patrolling his stretch of highway.

Each foreman patrols with great care. He know that by acting just a little too late he
can lose his road to snow drifts or ice. He knows, too, that the traveling public can
react with a speed and anger which may cost him his job. Nowadays, he knows that
too much salting can also make his telephone jangle with complaints. So, as one summed
up, "We're damned if we do, and damned if we don't."

Such pressures naturally affect how highway crews apply de-icing chemicals. Salt experts
are well aware that too much salt can cause harm to the environment. The Salt Institute's
Snowfighter's Handbook and other guides contain many instructions about calibrating
spreaders, adjusting amounts to storm and road conditions, and not using more salt than
necessary. The Handbook also suggests using a "storm record" form, to record how much
salt was applied, under what conditions, and with what effects. The Handbook, which
has been translated into three European languages, is said to be the "Bible" that guides
many public works agencies. (61,17) But the significant question is; How well do highway
departments practice what their Bible preaches?

Two decades ago, motorists expected winter storms to produce unsafe travel and planned
for delays in travel schedules, as do air travellers today. But now motorists expect, and
demand, to be able to travel at all times. Many maintenance engineers feel that they
cannot deny the motorist the use of his vehicle or the highways for even short periods
of time due to snow and ice. As a result, many drivers expect to find bare pavements
even during heavy snowfalls. Many drivers have become spoiled.

2. Cause and Effect in Accidents

All highway maintenance officials know that accidents have complex causes, too often
including poor judgment and reckless speeding by drivers, and lack of caution by
pedestrians. Yet all know also, from sad experience, that the least hint of skidding as
* cause at once turns the finger of blame toward highway departments.

So they naturally take steps to avoid being blamed. Foremen tend to salt early and
heavily. Instinct may argue that if some is good, more must be better. Not surprisingly.

B. PROBLEMS FROM SALTING
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the EPA's recent national study found that: "Considerable wasting of highway deicing
salts occurs because of excessive application, misdirected spreading, and general wintertime
difficulties." (1, 101) And a Connecticut highway department research paper contains
a slogan, repeated several times: "REMEMBER, IF A LITTLE BIT OF SALT IS GOOD,
MORE IS NOT NECESSARILY BETTER!" It even seems, at the risk of exaggeration,
that the bare pavement policy may sometimes lead to over-melting ice so as to over-protect
motorists.

The argument heard most often in the case for road salt is that salting reduces accidents,
especially fatal ones. Some salt industry advertising aimed at highway superintendents
alleges a cause-and-effect relationship such that salting prevents costly and fatal
An ad run periodically in The American City, for example in January 1972,
mangled cars and victims after an accident, with the caption warning: "Tell him wly
you didn't order highway salt this year". It relies upon statistics -- "salt prevented 15,250
accidents and thousands of deaths one winter in Chicago" - cited often by the industry.
(61, 18-19)

But a few researchers examining accident statistics have discovered how difficult it is to
trace and measure causal relationships leading to traffic accidents. (51, 11, 45, 55-58)
A Professor of Community Medicine in Vermont, Dr. Julian A. Waller, recently conducted
a "frustrating" literature search, aided by the Highway Research Board and the National
Safety Council; these two major organizations concerned with highway safety "both agreed
as to the extreme paucity of studies evaluating the effects of salting with respect to highway
safety." (65,6) Other writers, finding inconclusive or contradictory evidence, have failed
to verify a causal relationship. (70, 10; 66, 6-8)

Three writers have even suggested that salting may contribute to conditions conducive
to accidents. (55, 80-83; 66, 8; 96, 2) One reason is that bare pavements in winter may
give drivers a false sense of security.

It has been shown in studies of occupational and traffic accidents (103)
that risks are more or less consistently balanced against benefits. In
the case of roads, the speed of driving would thus be adjusted to the
conditions in such a way as to maintain the level of risk at whatever
the driver feels is acceptable. Salting icy roads permits drivers to drive
faster for the same level of risk, but it would not necessarily be
expected to reduce the level ofrisk. (96,3; emphasis added)

Furthermore, a bare pavement in cold January is not necessarily as safe as a bare pavement
in hot June, especially on bridges and in ledge cuts exposed to the cold air. The
Snowfighter's Handbook describes one danger, traffic icing:

Occasionally, under very special conditions, a paper-thin sheet of ice
forms in the wheel paths of a bare pavement. The pavement may look
clear, but the light ice formation can be deadly. Maintenance operators
should be instructed to watch for this occurence and to apply salt
immediately if it is detected. (59,20)
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An additional factor to consider, however, is the chemical property, called deliquescence,
of salt, especially calcium chloride, to attract and hold moisture. A British road researcher
reported; "It is possible that ice sometimes forms on treated roads but that the form
of crystallization and its adhesion to the road surface is so modified by the salt that
it is not slippery. Observations of these conditions have been reported." (106, 212) But
another observer reported two accidents occuring in circumstances which "directly
contradict" this conclusion. (55,81)

Another danger on bare but cold pavements is "flash icing"

There is a short period after dawn when high thermaal conductivity
.ft has an adverse effect and conditions appear to favor frost formation

on the road. At this time, the temperature of the surrounding
vegetation may be rising quickly, releasing water vapour which can
condense on the cooler road. The period during which these conditions
exist is brief, but may account for the suddenly occurring phenomenon
sometimes termed "flash icing." (106, 213)

The researcher did not suggest that "flash icing" requires salt to occur. But another writer
who observed this phenomenon reported that "only those surfaces previously salted
experienced significant accumulations of ice". (55,81)

Yet another danger can result from excessive application of salt while snow is falling.
The right amount will prevent compaction and, aided by passing tires, keep snow mealy
and plowable. But too much salt may turn into liquid brine, changing snow into slippery
slush and even, if the temperature plunges, the very ice which salt is being used to prevent.

So, it seems that evidence available today neither proves nor disproves a clear
cause-and-effect relationship between salt and traffic accidents. It may be that the
controlling factor in winter road safety is not ice, and not salt, but the behavior of
the driver.

Other easily noted problems have been described extensively elsewhere, for example in
the Legislative Reference Council report of 1965. (27) The main ones are rusting of
cars, scaling of bridge concrete, and injuring of vegetation. These are reportedly being
addressed by the salt industry, highway authorities, and car makers.

Complaints by automobile owners in past years led to research and development efforts
to reduce metal corrosion of cars. Manufacturers designed cars better, for example by
eliminating ornaments which formed troughs that held moisture conducive to rusting. Salt
companies added chemical corrosion-inhibitors to salt itself. New paints and coatings, as
Jpdl as improved metals, now give greater protection against corrosion. (58,8-10)

Similarly, the effects of de-icing compounds upon concrete have been recognized and

3. Harm to Cars, Structures, and Plants
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are being minimized. (27, 9-10) Deterioration of concrete used in pavements and bridge
decks can be reduced by using air-entrained concrete and water proofing materials; this
mixture contains tiny air bubbles which, as part of the finished structure, allow concrete
slabs to contract and expand instead of cracking and scaling during freeze-thaw cycles.
(61,5) In addition, special care by highway bridge crews in plowing and washing minimizes
the pitting of metal.

Protecting trees and shrubs is not so easy. Road salt is not the sole cause of death. Trees
standing alone beside roads, instead of protected within forests, are assaulted more easily
by exhaust fumes, by more evaporation due to greater average wind velocity, by compacting
of soil around the roots, by the paving over of tree lawns, and by excessive drainage,
(58,11) However, studies in Maine have suggested that sodium and chloride accuraulatflp
over the years in soil adversely affect roadside trees and plants. (85, 9) In
simple observation of tree deaths led a group of citizens to study town salting practices;
they found the highway department using straight salt far in excess of amounts
recommended even by the salt industry, and petitioned tthe Selectmen to change policy
sharply. (63,3)

The effects of heavy salting upon roadside vegetation and some groundwater supplies have
caused concern only relatively recently. Before then, although highway planners considered
our natural resources, their paramount concern was to align highways so as to assure fast
and efficient travel. Such concerns as the relation between roads and watersheds were
largely ignored in the rush to improve our highway network. (31)

Unfortunately, solutions to environmental problems cannot be implemented quickly.
Highway designers and landscapers, responding to widespread concern, are no doubt taking

>e, choose salt-tolerant plantings, and locate
drainage points. But these measures require

steps where possible to design better drainaj
them at safe distances from pavements and
time to become fully effective.

to the bare pavement policy because, amongHighway departments are generally attracted
other reasons, the total cost of sand, from purchase to spring-time clean-up, exceeds
the cost of salt to their budgets. But they may not budget for possible delayed or secondary
costs to those private citizens forced to repair corroded cars, replace or do without trees
and shrubs, or buy distilled water in bottles.

Nor, more significantly for taxpayers, do they necessarily budget for possible delayed costs
to other public agencies forced to replace unusable water sources. An example of such
delayed costs is New Hampshire which now spends about $140,000 annually, and could
spend more, to reduce contaminated wells. (34) The most costly possibility in future years
is that those towns and cities which both lose their own sources and have no accessL
to an alternative source, such as the MDC system will be forced to construct
desalination plants. (17)

4. Delayed Costs
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Salt experts recognize the danger which uncovered stockpiles may pose to water sources.
The Snowflghter's Salt Storage Handbook, published in 1968by the Salt Institute, includes
many clear cautions, for example: "Be sure the area or site you select does not drain
directly into a stream, reservoir, or well . . . Settling basins may be necessary to catch

id hold salt run-off." (60,7, 12, 13, 16, 23)

Despite these cautions, several reports to the Commission suggest that in Massachusetts
the problem of poor storage is widespread. The Massachusetts DPW has, within the past
few years, built 38 storage sheds. Their paved floors or pads together with roofs and
' 4s not only prevent dissolving and seepage of salt into surrounding soils, but also reduce
v ifage during transfer and loading. However, to complete this urgent program, the DPW
needs to build about 110 more closed sheds, at a cost of $20,000 each in current dollars,
or a total cost of $2,200,000 before inflation. (15) Moreover, among municipal DPWs,
the uncovered salt pile, sited on bare ground, is reportedly still the rule rather than the
exception. (31)

The reasons, we suspect, are three. First and most obvious is cost, especially now when
austerity is the watchword for state and local agency budgets. Second is the likely scarcity
of proper sites, especially in crowded urban areas. The ideal site must satisfy not one
but many criteria, such as conformity to zoning laws and accessibility to roads and garages.
DPWs must therefore compete in the real estate market against other industrial land users.
Third is the likely difficulty of finding sites, especially in urban areas, which do not drain
directly into water sources. DPWs may often be forced to locate salt piles, like garbage
dumps, in low-lying wetlands, because these have not already been used for building.
Because groundwater aquifers are so numerous and so vulnerable to contamination, distance
from surface sources does not guarantee protection. The settling basin seems therefore
to be the best insurance; but of course, it increases the cost of a site.

The bare pavement rule, despite its virtue of being simple and self-evident, has the defect
of describing the minimum more clearly than the maximum of salt needed. Our impression
is that the "standards" used today by many highway departments are merely rough
rules-of-thumb, shaped by conflicting pressures and habit.

True, the numbers attached to current standards convey an aura of precision. But different
highway superintendents are reported to be following widely differing standards. During
the winter of 1969-70, for example, the Town of Winchester reportedly spread salt at
a rate six-and-one-half times that used in nearby Lexington, and more than two-and-one-half
times the rate recommended by the Salt Institute itself. (63) One explanation is that,
while some highway departments view chemical de-icers as an aid to assist in plowing,

1 "ers see them as a "cheap" substitute for plowing. (31) Another is that departments
fohlow different strategies and policies to control snow and ice.

5. Storage Sites

6. Standards for Applying Salt
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Clearly defined and widely accepted standards are also lacking at other points of the
maintenance process. Useful comparisons between storms, towns, or roads are thus difficult
to make. A "storm" in the Berkshires may drop 10 inches of light, dry, easily-plowed
snow, but a "storm" in Boston may leave only three inches of wet but treacherous snow.
While the Massachusetts DPW defines "lane-mile" to mean one mile of a single lane, some
other states and the Salt Institute define it to include two lanes. Flat rural highways
in the Connecticut River valley require different levels of service than hilly and busy roadsl
in Winchester.

Although such difference make comparisons hazardous, comparisons are nonetheless made
by legislators and the public. They are also necessary for good management. Refusing
of useful measures and standards is admittedly difficult. But it is nonetheless clearly neeftf
not just in Massachusetts but also in other snow-belt states.

This brings us to practical questions about daily operations: What is the basis for current
standards for using salt? How do departments translate general policies into specific
practice? Are current prescribed application rates realistic guides for the varied conditions
facing foremen and crews? Do departments record how much salt they spread on each
section of road, under what weather and pavement conditions, and with what results?
How can legislators, mayors, town managers, and Conservation Commissions judge whether
salt is being applied in proper or excessive amounts?

Highway maintenance engineers follow guidelines about how much salt to apply according
to differing temperatures, pavement conditions, and sometimes traffic volumes, in order
to obtain bare pavements. Each state, county, or municipal highway department develops
rules to suit its own conditions.

A common standard is available in the Salt Institute's Snowfighter's Handbook. Its
Foreword notes:

Snow-fighting is a tough, complex job. Maintenance men will probably
never agree fully on everything that goes into the battle. The officials
who contributed their thoughts to this manual did not always agree.
The final product merely represents a consensus, the most universal
approach to the task. (59,5)

The Handbook describes five different conditions of temperature, precipitation, and
pavement condition. Because temperature affects how well salts can melt ice, each condition
requires a different combination of salting, sanding, and plowing. In Condition 2, fos
example, temperature is below 30° F. or dropping, the precipitation is snow, sleet, ff
freezing rain, and the pavement is wet or sticky; the Institute advises applying salt
immediately at the rate of 500-600 lbs. per mile. (One mile of highway is defined to

C. THE POLICY IN PRACTICE

1. Icing Conditions and Application Standards
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include two lanes, each about 12 ft. wide.) But Condition 3 is quite different - temperature
is below 20° F. and falling, precipitation is dry snow, and the pavement is dry; here
the Institute advises: "Plow as soon as possible. DO NOT APPLY CHEMICALS. Continue
to plow and patrol to check for wet, packed, or icy spots; treat them with heavy salt
applications." Recommended rates vary from O to 800 lbs, under special conditions.
(59,15)

'But using these guidelines is difficult at best. The Handbook cautions:

Most storms occur under Conditions 1, 2, or 3. But variations in
temperature, precipitation, pavement conditon, or other factors are
common. You must depend upon well-trained maintenance crews to
use initiative and imagination in coping with unforeseen problems.
(59,16)

The last sentence is especially important in New England, due to its changeable weather,
and in areas where temperatures may fluctuate hourly within the critical zone of 28°
F to 34° F.

Salt users follow this or a similar set of application rates. These may be based upon local
experience, and perhaps also formal experiments, as well as Salt Institute guidelines.

Salt users are many. Of the total amount of salt used throughout the state each winter,
part is spread by towns and cities. Other public users certainly include the Massachusetts
DPW, Massachusetts Turnpike Authority, and Metropolitan District Commission, and
probably include such state agencies as the Massachusetts Port Authority, the University
of Massachusetts, and hospitals and prisons. Private organizations maintaining roads and
parking areas are also reported to spread salt. Significant among these seem to be
educational institutions, utility companies, and shopping centers or plazas.

Salting policies and statistical reports of salt used by all these maintenance organizations
are not readily available in one place. The task of gathering them individually from each
user was beyond the scope of this policy study, but should be undertaken. Major users
probably include such large cities as Boston, Worcester, and Springfield, and such large
state agencies as the Turnpike Authority, DPW, and MDC. The DPW estimates that it
uses about one-third of the state-wide total.

The DPW is probably the largest single user. As probably the oldest highway agency in
Massachusetts, its policies and practices are watched as examples by municipal departments.
The DPW made its records and professional counsel available to the Commission for this
policy study. For these reasons, the following discussion cites DPW data to illustrate
application rates and practices. We believe that other highway departments, in other states
as well as within Massachusetts, follow similar methods and face similar problems.

I
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State highway departments, and perhaps also municipal departments, generally publish their
guidelines for applying salt. Comparing guidelines is not easy, because of differing weather
conditions, types of highways, and volumes of traffic. In Maine, for example, many miles
of state highways have only two lanes carrying low volumes of traffic; after spreaders
drop salt along the crown of the road, passing wheels distribute it off the centerline
and the resulting brine flows toward both shoulders, melting ice off the entire pavement.
But Massachusetts and Connecticut have many miles of 6- and 8-lane super-highways,
carrying high volumes of traffic; these require echelons of 6 to 8 trucks plowing in
formation, to move snow off onto one shoulder, while also spreading salt to get immediate
melting action across the full pavement width.

Despite variations, each department state uses what can be called a "basic applicant-
rate". Pennsylvania's Department of Transportation, which follows the Salt InstifijP
recommendations exactly, uses the basic rate of 500-600 lbs. per two-lane mile. Rjfcs
published in maintenance manuals of some other state highway departments are: Ohio,
400-600; Maine, 400; Connecticut, 450; New Hampshire, 500; and Vermont, 600.
Massachusetts, which defines "lane-mile" to include only one lane extending one mile,
prescribes 350 lbs., which on a two-lane mile basis equals 700 lbs. (15,8; 24, 20-25)

The range of rates, from 400 to 700 lbs., is considerable. This suggests the need for research,
some of which is now in progress, and periodic reviews of standard instructions to
incorporate new research findings as well as changes in highway characteristics.

Each spring, snow and ice control engineers must estimate how much salt they will need
the next winter in order to request bids from salt-producing companies. To develop
estimates, they use the basic application rate, number of lane-miles to be maintained,
and number of expected storms. They also consider types of highway and volumes of
traffic. Although estimating may be more art than science, the final numbers are important
for the practical tasks of budgeting, planning, and controlling.

The Salt Institute's Handbook contains a model estimating chart, computed on the basis
of applying 500 lbs. of salt per two-lane mile four times during a storm; storms may
number only four each winter in parts of Virginia, but up to 30 or more in parts of
New England. (59,13)

Connecticut's Bureau of Highways, for example, estimated its requirements for winter
1971-72 by assuming a base year consisting of 30 storms, requiring an average of three
applications per storm. Connecticut's instructions noted:

The main objective of the policy stated herein is to provide an
acceptable standard of winter maintenance that will provide reasonably
safe roads during and after adverse weather conditions throughout the k
winter season. For the Bureau to stay within the estimated amounts
of snow and ice control materials, each District will have to stress

2. Estimating Requirements
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strict adherence to the specified application rates, the judicious use
of repeat applications, with frequent plowing required to minimize
snow build-up

... In order to provide the control needed . . . some
record of the type and amount of material being used by each truck
driver per storm is necessary. Also, a permanent record would help
to pinpoint misuse of materials or excessive use on a per storm basis
so that immediate and corrective action could be taken. (46a,5)

On the basis of such assumptions about rates and storms, a senior engineer, district
supervisor, or road section foreman can estimate the needed amount of snow and ice

mixtures of the two). For example, a road
miles might need:

control materials (normally salt, sand, and
maintaining a section of 40 two-lane

500-600
x 40

Basic Application Rate in lbs.
Two-lane miles

20-24,000Lbs./application
Convert to Tons
Tons/application

2,000
10- 12

Such tonnage figures enable foremen and supervisors to build up estimates for a storm
and in turn for a winter season. These estimates help both to monitor how well crews
are adhering to specified rates and to make up future orders for more salt and sand.

Estimates are based, of course, upon idealized standards. In practice, each storm does
not necessarily require a standard three applications, and each winter season does not
necessarily include 30 storms. At least six variable factors, in addition to rate of spreading
and weather at the time of application, seem to influence differences between estimated
and actual usage figures:

2. number and type of storms
3. applications per storm
4. application technology
5. traffic volumes
6. management

Our comments about each use DPW data for illustration

First, lane-miles are computed by the DPW according to standard rules, set forth in 1963,
in connection with presenting budget requests and establishing sections for various

rmtenance crews. (23) In general, lane-mileage includes only the traveled way, that part
,

the roadway over which vehicles move normally, excluding shoulders and auxiliary lanes.
Lai re-mileage therefore does not include several important types of surfaced areas, notably
breakdown, climbing, acceleration, and deceleration lanes. Nonetheless, most of these areas
are salted regularly, even though usually after the traveled way has been cleared. A major

1. definition of lane-mile

3. Variables Influencing Amounts Actually Spread
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factor in the arterial highways of Eastern Massachusetts are the numerous interchanges,
not fully reported in lane-mileage. These become critical danger points during storms,
because cars must stop, start, and turn quickly. So they require above average amounts
of salt.

Therefore, the lane-mileage actually salted exceeds the number reported by the DPW in
Table 4. Some DPW maintenance engineers estimate that breakdown and extra lanes may
increase the reported total by about 30%. This suggests that the DPW should review and
update its definitions and reporting methods.

Second, the term "storm" contains hazards of definition, for it can include a "nuisance
storm" as well as a blizzard. "Storm" is a concept commonly used in manuals of ihi
Salt Institute and highway departments. A difficulty with the term is that crews i 1!
have to spread salt, despite clear skies, when a sudden drop in temperature is freti;:;««
moisture at danger spots such as ledge cuts or shaded hollows. One DPW official therefore
believes that "storm" might usefully be replaced for statistical purposes by a more accurate
term, such as "treatment time". (16)

Storms reported by the DPW during winter 1970-71 ranged from a high of 41 (36 snow
and 5 sleet) in DPW District 1, the Berkshires, to a low of 22 (20 snow and 2 sleet)
in District 7, Cape Cod; the state-wide average was 29.6 storms (25 snow and 4.6 sleet).
In 1971-72, the range was 48 to 18 and the average was 29 (24 snow and 5 sleet). When
mobilized during storms, each District radios to DPW headquarters every four hours such
data as wind and weather, rising or falling temperature, accumulation of snow, pavement
condition, and equipment in operation.

The third variable is number of applications per storm. A "standard storm" seems to
be regarded by maintenance men as requiring three. A winter-long average of three
applications per storm ideally allows for "nuisance storms" requiring only one as well
as prolonged blizzards requiring four or five plus follow-up "dusting" on tenacious spots
of ice. A realistic average should also include the extra spreadings on ramps, drainage
points, and bridges between 4 and 6 a.m. on winter morning, and repeated applications
required by sleet storms, especially during commuting hours. The DPW currently estimates
that its state-wide winter average is three applications per storm. (16)

The fourth factor, application technology, concerns types of material and equipment. Salts,
sodium and calcium, may be refined to varying degrees of coarseness. (Experiments using
salt in liquid form are said to be in progress.) The size of salt crystals is a critical factor
for metering devices which control the rate of flow from truck to road.

Sophisticated and expensive spreader tracks are relatively new, and can be afforded only
by large highway departments. But even sophisticated machines usually have an optimum
operating speed; the DPW reports that its present equipment has difficulty controlling
spreading rates at speeds below 10 miles per hour, such as required amidst heavy traffili
During a major storm, three-quarters of the DPW's fleet consists of hired vehicles, usual™
simple dump trucks with front-end gravity plows, which are less effective than the
underbody blades of the DPW's special snowfighter trucks.
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The crucial fifth variable is traffic volumes. The concept of average daily traffic (ADT)
is a basic tool used by highway designers. It is also used instinctively by maintenance
engineers in planning ice-control strategy. Yet ADT is hardly mentioned in the Salt
Institute's Handbook or several department manuals, which stress weather and pavement
conditions as the guiding factors for salting. However, Minnesota's new guidelines,
.reproduced in the following section, use ADT to distinguish various classes of roads and,

turn, the level of service required by each.

Traffic volumes can influence salt application rates significantly. The heavy volumes of
daily commuter traffic into major cities reduces the margin for error allowed to
maintenance men. Even a small storm of snow or freezing rain can, if it strikes in late

■�noon, cause widespread tie-ups at evening "drive time". Traffic jams and stalled cars
inTim hinder plowing and salting. In any case, heavy traffic flows make multiple passes
by spreader trucks difficult. In such circumstances, foremen may order spreading at more
than prescribed rates.

Such pressures from high traffic volumes may help to explain the differences among
DPW Districts in tons of salt used per lane-mile per winter. District I, in the Berkshires,
where ADT is relatively low, reported a 1970-71 average of about the DPW's recommended
350 lbs. per application per one-lane mile. District 7, on populated Cape Cod, reported
an average of about 500 lbs. District 4, responsible for sections of Routes 2, 2a, and
128 in Middlesex County, reported about 570 lbs. Finally, District 8, which maintains

Boston's Central Artery, Route 1, and the Southeast Expressway, reported about 1,000
lbs. These rates assume the reported average of three applications per storm.

The Turnpike Authority must also use high rates at its heavily travelled end east of Route
128. Maintenance men agree that their worst headaches result from major arteries in large
cities. Several years ago, a blizzard trapped commuters in Boston for five or more hours;
the DPW vows that this will not happen again. The figures above suggest that the basic
application rate may be unrealistically low for high-volume highways, and that ADT should
be considered in published guidelines.

Finally, the sixth variable is management. As implied above, good judgement and timing
(and sometimes also luck) are needed for applying salt effectively. Although intangible,
judgement and managerial skill are important. Top-level supervisors must cope with
conflicting demands from the public. But during storms they must leave most tactical
judgements to district supervisors and gang foremen on the road. All must work within
practical limits set by budgets, equipment, public expectations, changeable weather, and
personnel. For example, leadership during a major blizzard is made difficult by having
a labor force suddenly expanded by contract drivers, who are often not as experienced
or motivated as full-time men. The managers' task is to keep all the variables noted above
in mind during the fluid circumstances of a storm. But in the end, they must produce

service expected by motorists.
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In summary, our discussion of these complex variables suggests the difficulties of trying
to judge, after the event and using statistics as currently reported, whether or not highway
departments are applying salt properly. Some statistics suggest that excess usage occurs.
A number of observers in snow-belt states have made similar reports. (1,101) A number
of maintenance engineers themselves acknowledge the problem. Several highway
departments, as reported in the following section, have significantly reduced salt use by
improving their inventory and control procedures. In the past, these procedures have
been used for the purpose more of ordering replacement supplies than of controlling
application rates and monitoring later effects upon the environment, (16)

receive more explicit attention. For example, a recent environmental impact stateyjT"
in draft form apparently estimated (22a, 117) the amount of salt which a proposed dgf.
highway would require on the basis of guideline rates in the DPW's Maintenance Macual
(24) rather than recent actual usage rates in that District, as was noted by the
Environmental Protection Agency (5). The DPW is currently preparing its final statement,
taking into account comments on the draft. Other DPW environmental impact statements
are reported to base estimates on actual usage figures. (31)

More attention to usage statistics will come from officials and citizens concerned about
limiting salt to minimum amounts needed. This suggests that salt users should review their
present methods of reporting and revise them to recognize such variables as noted above.
Improved reporting will help highway departments, and also private salt users, to account
to the public for their policies and practices.

*

In the future, actual salt usage figures and the variables influencing them can and should
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Several cases have come to our attention of new programs to monitor salt use and limit
it to minimum amounts needed. Each case suggests techniques worth consideration by
state, county, and municipal highway authorities in Massachusetts.

Minnesota's legislature enacted in 1971 a statute which reads in part

(160.215) HIGHWAYS; SNOW REMOVAL; USE OF SALT OR
CHEMICALS RESTRICTED. In order to.

(1) Minimize the harmful or corrosive effects ofsalt or other chemicals
upon vehicles, roadways, and vegetation:

(2) Reduce the pollution of waters: and

(3) Reduce the driving hazards resulting from chemicals on windshields:

road authorities, including road authorities of cities, villages, and
boroughs, responsible for the maintenance ofhighways or streets during
periods when snow and ice are prevalent, shall utilize such salt or other
chemicals only at such places as upon hills, at intersections, or upon
high speed or arterial roadways where vehicle traction is particularly
critical, and only if, in the opinion of the road authorities, removal
of snow and ice or reduction of hazardous conditions by blading,
plowing, sanding, including chemicals needed for the free flow ofsand,
or natural elements cannot be accomplished within a reasonable time.

To apply this law, Minnesota's Department of Highways developed for its Maintenance
Standards Manual a classification of roads according to type of use and volume of average
daily traffic (ADT). We present in Table 6 an excerpt describing levels of service.

Total salt used on Minnesota's state highways dropped from 173,000 tons in 1969-70
to 146,000 tons in 1970-71, a difference of about 15%, and dropped again to 116,000
tons in 1971-72, a difference ofabout 20%. (15) The size of the second drop was influenced
in part by the relatively mild winter in Minnesota in 1971-72. But the State Maintenance
Operations Engineer also reported that public concern, the new law, and resulting
level-of-service standards had made all maintenance personnel aware of the importance
of applying salt in correct amounts. (39)

Vermont
I

In 1971, conservationists promoted legislation to change from a "bare road" to a "safe
road" policy. A compromise resulted:

D. RECENT CHANGES IN POLICY AND PRACTICE

1. Minnesota
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ROUTE CLASSIFICATIONS AND SNOW REMOVAL COVERAGE AND CYCLE TIMES

COVERAGE CYCLE
CLASSIFICATION ADT * TIME (1) TIME (2)

Urban Commuter Over 10,000 24 2
Rural Commuter 2,000-10,000 18 3
Primary 8,00-2,000 18 4
Secondary 0-800 12 8

1. Coverage time is defined as number of hours per day that service will be provided during the storm.

2. Cycle time is defined as the amount of time allowed to remove snow on through lanes of a given route
section while providing the specific level of service under average conditions.

As with level of service, these times donot apply to frontage roads and clean-up operations,

ADT Average Daily Traffic

QUALITY STANDARD FOR SNOW AND ICE REMOVAL

LEVEL OF SERVICE *CLASSIFICATION/ADT

Bare pavement within 6 hours after termination of storm
(12 hours for severestorms).

Urban Commuter
(Over 10,000)

Bare pavement within 24 hours after termination of storm.
(On divided highways, left lanes should be half bare with
sanded curves and hills before termination of snow removal
effort.)

Rural Commuter
(2,000-10,000)

Intermittent bare pavement, clear Wheel Tracks (compacted
snow with appropriate sanding allowed in towns and shelter-
ed areas).

Primary

(800-2,000)

Two bare wheel tracks and sanded hills and curves.Secondary
(400-800)

Bare left wheel track and sanded hills and curves.Secondary
(250-400)

Compacted snow is acceptable,Secondary
(Under 250 & Gravel roads)

Based on an average snowstorm of four inches falling in a six to eight hour period. Standards
apply only to the mainline and interchangeroadways; frontage road, crossover and other clean-up

operations are not included.

Source: Minnesota Department of Highways (41),

TABLE 6

RECOMMENDED LEVELS OF SERVICE FOR SNOW AND ICE
CONTROL, MINNESOTA, 1971-72
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NO. R-38. JOINT RESOLUTION RELATING TO THE BARE
OR SAFE ROAD POLICY OF THE VERMONT DEPARTMENT

OF HIGHWAYS.

(J.R.H. 7)

Whereas, the state of Vermont has attained and enjoyed over the years
the enviable reputation for outstanding maintenance of its state
highway system; and

1 Whereas, this high quality of highway maintenance enhances and
promotes the safety of the traveling public as well as the swift and
efficient movement of goods into, within and from the state of
Vermont; and

Whereas, the state's economy and the continuing well-being of its
citizens are dependent, in part, upon the immediate availability and
use of the highway network; and

Whereas, the immediate availability and use of the state highway system
dictates a bare or safe road surface as soon as possible after inclement
weather; and

Whereas, the controlled use of chemicals has been proven from 30
years experience to be an effective method available to attain a bare
or safe road surface; and

Whereas, there has been evidence presented indicating that the excessive
use of chemicals may be harmful to the environment; now therefore
be it

Resolved by the Senate and House of Representatives: That the
department of highways is commended for their program of research
for less potentially harmful methods of obtaining bare or safe roads,
and be it further

Resolved: That the department of highways be exhorted and
encouraged to work with the Agency of Environmental Conservation
in a continuing effort to discover methods of obtaining bare or safe
roads which will be economically feasible and least harmful to the
environment, and be it further

ft Resolved: That the Agency of Environmental Conservation shall work
closely with the highway department in accomplishing the foregoing
purposes, and be it further
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Resolved: That the proper agencies encourage the testing and charting
of the effects of highway usage on both private and municipal water
supplies, and be it further

Resolved: That the department of highways should continue to
maintain a bare or safe road policy with appropriate adjustments
determined advisable as a result of conducted research.

Approved; March 29, 1971.

f
The concern of environmentalists also produced two other results

First, Vermont's environment protection law requires that a permit be obtained before
anything of a contaminating nature is discharged into public waters. The Department of
Highways must obtain such a permit from the Department of Water Resources before
spreading salt each year, because it will eventually be carried into public waters. This
process implies the future possibility that a permit might be denied if contamination by
salt should rise to dangerous levels. (78)

Second, the Department of Highways itself launched a three-part program, described by
the Commissioner as follows:

o set the trucks' salt delivery systems to deliver standard amounts of
salt or sand per mile;

o impress upon each foreman and driver that applications of salt or sand
were to be held to the minimum amounts necessary to maintain safe
driving conditions during storms, and to produce bare pavements
shortly after the end of storms; those instructions permitted reasonable
leeway for personal judgements based upon experience;

o establish a reporting system logging each application, tonnage used,
miles covered, and weather details. (46)

The Commissioner reported after the first winter, 1970-71, that "recording procedures
kept each man mindful of his responsibility to produce the best results for time and
materials expended, since weekly tabulations showed comparisons between each route in
each district of the state." (46) Vermont's new reporting system resulted in constant
competition among crews to produce the best driving conditions. But the system reminded
them that they had to weigh both cost and results, giving thought to the question: "Hoy<
good is good enough?" (45)

The result, shown in Table 7, was a significant reduction in salt spread during 1970-71.
Usage increased again during 1971-72, a heavier winter in Vermont as in Massachusetts.
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TABLE 7

SALT APPLIED IN VERMONT, WINTERS, 1967-72
CHANGE IN SALT

USED FROM
PREVIOUS YEAR

SALT USED LANE-MILES TONS PER
(TONS) (ONE LANE) (1)

LANE-MILE

Am 98,346 4,940 20.0

109,287 5,098 21.5

111.760 5,308 20.9

88.000 5,388 16.3

97.000 5,451 17.7

1968-69 11

1969-70 2C

1970-71 22(

1971-72 10c

Vermont's normal unit-of measure is the two-lane mile, including a 20-foot wide paverne;
and 3-foot wide shoulders. This table has been converted to the one-lane mile used by
Massachusetts by doubling Vermont's mileage figures.

(1) it

SOURCE Vermont Department of Highways

*
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State maintenance engineers report that crews are sometimes not plowing enough, but
"burning off" the snow with salt. Using too much salt, however, "results in slippery slush
instead of mealy snow." (38) This practice has proven costly, and not just in indirect
costs, such as replacing wells contaminated by road salts. Direct costs are also significant,
in New Hampshire, where maintenance workers are not unionized and private contractors'
prefer working for the state to sitting idle during winter. "We can plow all day for the
price of one load of salt," reported an engineer.

To reduce such costs, New Hampshire has therefore designed and announced a
reduction program to begin this year, 1972-73, on an experimental basis. Salting wil»,
eliminated on some secondary roads. The eventual goal is to reduce salt use per winter
on state-maintained highways from the present rate of about 150,000 tons to 100,000
tons, or by about one-third. (38)

Meanwhile, a research team from the University of New Hampshire's Institute of Natural
and Environmental Resources has launched a study of salt contamination of water supplies.
(104)

Maine's highway department has been consciously reducing its use of salt since 1968,
with significant results:

While investigating the application of salt to our highways, we
ascertained that some drivers applied approximately 800 to 1,000 lbs.
per mile, where 300 to 400 lbs. would have been sufficient. At this
time, the only control over the amount of salt applied was by the
speed of the truck. During the year 1967-68, we applied 31.5 tons
per [two-lane] mile per year. With only 25% of our trucks equipped
with salt restrictors in 1968-69, we applied 28.0 tons per mile per
year. In 1969-70, with nearly 100% of the trucks equipped, the
application was 20.0 tons per mile per year. (40)

Maine's total salt reduction program has resulted in a savings of
between 20,000 and 25,000 tons per year. Our salt use increased every
year until four years ago, and then decreased to its present level. Our
salt use in the winter of 1967-68 was in excess of 110,000 tons. Our
present salt use appears to be in the range of 80,000 to 85,000 tons.
Since we have increased lane-miles during this time, the reduction is d
even more significant than it first appears. (44) ™

3. New Hampshire

4. Maine
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Environmental concern led to a series of city-sponsored studies and public meetings. The
result was an eight-point policy, summarized as follows in a brochure for residents, Safe
Winter Driving in Ann Arbor, which contained a map showing salted street routes:

(Unanimously approved by City Council; 12/21/70)

1. The use of salt should be continued this year on a REDUCED basis
in a manner consistent with public safety and a view toward further
reducing salt applications in the future. Salt is needed this season
primarily on steeper grades, intersections, and particular stretches of
higlwntensity roadways.

2. The application of salt on City streets should be monitored and
records kept of the amount of salt used.

4. Continue to explore new approaches to snow and ice control and
possible alternatives to the use of salt for de-icing of city streets.

5. Continue to make recommendations to Council regarding the most
economical, efficient, and environmentally acceptable means of snow
and ice control available.

6. Council should explore additional regulations and model ordinances
related to winter travel on city streets.

7. A conscientious effort should be made to educate the public on
safe driving techniques on snow and ice. (Please note the map and
driving tips in this brochure).

8. Policy regarding the planting of trees and vegetation along salted
streets should be studied.

Ann Arbor's Superintendent of Public Works later reported using less salt than in previous
winters:

We are reducing the application rate, and we are not sacrificing any
safety qualities

.
. . Currently, our policy is to stop using [salt ]entirely

in certain locations, such as straight, flat stretches. We also are training
operators to be more skillful in applying the salt, so that it isn't
overused. (90,54)

5. Ann Arbor, Michigan

SUMMARY OF RECOMMENDATIONS ON THE USE OF SALT
AS AN ICE CONTROL AGENT ON CITY STREETS:

3. Continue research into the overall impact of salt on the Huron River,
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6. Massachusetts DPW

Like their northern neighbors, Massachusetts' state highway authorities are launching a
major effort to control salt use. Last March, engineers and foremen from all Districts
were called together to review the winter's experience and problems, especially during
the major February 19th blizzard. They heard talks by three members of the SpeciaA
Commission, the Arthur D. Little project leader, and DPW Commissioner Bruce Campbell.^

In preparation for winter 1972-73, maintenance supervisors have conducted meetings with
crews in all Districts. New inventory control procedures have been designed. Closer
supervision of crews during storms is being planned. Standards for calibrating spreatkf.
both DPW and hired, are being made more stringent. Guidelines will be followed rij>;
closely. Representatives of the Salt Institute have been leading meetings to discuss practices
of "sensible salting". (16; 58a)

7. Massachusetts Towns

Local snowfighting practices are even less amenable to analysis than those at the state
level. Records are spotty, and practices vary widely from town to town. Nonetheless,
enough scattered information is available to draw a few general and preliminary conclusions,
and to identify three or four basic policy types.

According to a recent report of The Governor's Task Force on the Environment, which
summarized practices in 25 Greater Boston communities, salt usage at the local level has
also undergone "a steady and substantial increase" since the 19505. In 1969, these 25
communities, having a total road network of 2,280 miles, applied 46,983 tons of road
salts. This amounts to an average of just over 20 tons per road mile, or approximately
the amount estimated by the Salt Institute to be needed during a 20-storm winter. The
Task Force used a standard two-lane road to figure milage; Salt Institute recommendations
are also based on a two-lane road. But, if some community records are incomplete or
out-of-date and if not all local roads are treated with salts, it may be that some roads receive
more than 20 tons per mile. (30,9 and Chart IV)

Boston area communities may be divided into four more or less distinct groups according
to their snow removal practices. At one extreme are those which rely predominantly on
straight salt. For example, Winchester has even used straight salt as a substitute for plowing
following light snowfalls. Estimates vary, but it appears that in recent years Winchester
has applied between 55 and 70 tons per two-lane mile per year. (30, Chart IV; 63,22)
However, 70% of Winchester's main streets are hills with a grade of 5% or more. Its highway
department has few special snow- fighting trucks, and hires few contractors. Its preventive
policy is to spread salt early, at the slightest hint of snow.

At the other extreme are towns which have banned the use of road salts and rely
on sanding and plowing. The experience of three Greater Boston communities - Woburn!
Concord, and Burlington - indicates that the success of such a policy depends heavily
on the cooperation of all concerned - citizens and officials alike - and on the seriousness



82

of the problem which prompted the ban in the first place.

in Woburn, the ban lasted two months (Nov.-Dee. 1971) and was the idea of the outgoing
Mayor, who sought to avoid a potential water problem such as neighboring Burlington
had experienced. (Woburn has been notified of excess sodium in its water, but is not
yet approaching the chloride limit.) However, because the salt ban did not have the support

if the town's DPW or the citizenry, it was lifted by the incoming Mayor in January
1972.

In Concord, a one-year ban was rescinded in March 1972 in favor of "moderate and
well-controlled" use of salt. Certainly, one of the factors leading to this reversal was the
t of a compelling reason for the ban. Lacking such a reason, the townspeople were
a, -gently unwilling to put up with the added inconvenience of unsalted roads.

Only Burlington has had both the compelling reason and the will to persevere in its no-salt
policy. The new Public Works Superintendent, Angelo Orlandella, credits his success so
far to "careful management", adding that "unless your workers accept sanding and are
willing to be closely supervised, it will be a problem." (102) Even so, the election in
early 1972 of a "pro-salt" Selectman would seem to indicate substantial resident
dissatisfaction.*

Between these two extremes is the third and largest group of communities. These rely
basically on routine and general applications ofa salt-sand mixture, reserving use of straight
salt for emergencies. Although we emphasize again that firm figures are very hard to come
by, most of those towns appear to use between 14 and 20 tons of salt per two-lane
mile each winter.

The fourth category falls between the no-salt and salt-sand towns and, in fact, may be
viewed as a variation of the latter. They might be termed the "low-salt, selective approach"
towns. In some ways they form the most interesting group, because they may provide
a model for future state-wide policy. Some of these communities have never used much
salt. For instance, Weston has apparently never used more than four to five tons per
road mile a winter. (30, Chart IV) Others have recently introduced policies of reduced
salt use, generally because of the adverse environmental effects of salting, but also in
some cases because new equipment has made possible more efficient use of salt.

One example of a town which is attempting to cut salt use to a minimum is Lincoln.
Although never a heavy salter (in 1970 Lincoln applied only 8 tons per two-lane mile),
the town decided in 1971 to eliminate the use of salt except at major intersections and
on hills, with special attention to school bus routes. The policy worked quite well until

*¥y a 59-42 vote after long debate at its Town Meeting on December 18, 1972, Burlington
r Rinded its ban. The vote will be reconsidered when the Meeting reconvenes on January 3,
19'/.3.805t0n Globe, December 25, 1972, p. 76.
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the heavy storms of February 1972. Then the town ended up using as much salt as before,
Lincoln's new DPW chief agrees with the policy of minimum salting, which Lincoln will
try again in 1972-73.

Admittedly, Lincoln is hardly representative of Boston's suburbs. It has a population of
7,500, no major shopping areas, and few thoroughfares. Lexington, on the other hand,
is a populous suburb with numerous heavily traveled roads. In the mid- and
Lexington spread road salts at a rate of about 20 tons per two-lane mile per year. Presently
the town is developing a selective salting policy which may eventually reduce total salt
use by more than half. The main features of this new policy include: use of a 3:1 sand-salt
mixture, instead of straight salt, on main roads and hills; plowing and sanding of side
streets; introduction of new automatic spreaders; and a training program for higltf ,

employees. (28) fp

Winchester is now reportedly moving toward a selective salting policy. Its highway
department, working with a citizens' Snow and Ice Study Committee, is treating hills
and intersections only. After advertising in advance, it leaves flat roads unsalted. The
Superintendent of Highways reports that this program Has reduced the amount of salt
used in Winchester by 30%. (28a)

This brief survey of some states and towns suggests that practices vary widely, but also that
reviews and changes in policy are under way.

�
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While designing a balanced policy, we found it necessary to catalogue the realistic
limitations on a series of possible options. We did so by examining the parts in this drama
played by various actors, such as drivers, city and town highway departments, and the
General Court itself.

WHY BANNING SALT IS NOT PRACTICAL NOW

At one extreme, we rejected the policy of relying almost entirely on salt. At the other
extreme, we also rejected the examples of Burlington and Concord in attempting to ban

entirely. As the development of policy, especially in Concord, seems to suggest, this
e "5me * s not now e*t' ler acceptable or workable.

Several reasons argue against banning. The first and most obvious is the need of public
emergency vehicles for clear main roads. Speed is essential for ambulances, police cruisers,
and fire trucks.

The second is that the alternatives to salt now available are apparently more costly and
less effective than de-icing agents. The main example is sand. After winter use, it is too
pulverized to be reusable the next winter or saleable for other commercial purposes. Other
chemicals are both costly and have side effects similar to salt. For example, urea contains
nitrates which can be just as harmful to human health as chloride and sodium.

The third reason is the undesirable costs of icy roads to the general economy. Our modem
economy, like our modem highway, is highly engineered. Both are more vulnerable to
disturbance than they were 50 or 100 years ago.

Finally, the Commission sensed, even before the March 1972 policy reversal in Concord,
that public support for such an extreme policy does not exist yet.

But we detect that awareness and concern about chloride pollution is growing. Two decades
of gradual adjustment, by the public and highway departments alike, to the "bare
pavements" policy cannot be undone in one winter. Highway superintendents once met
resistance when convincing their foremen to change to salting; they will meet it again
in changing present habit. Indeed, if such resistance to change does occur again, a fair
test of the "no-salt" policy will be difficult to achieve. In the end, no policy or law
will be truly effective unless supported broadly by public understanding and agreement.

Our analysis was helped by dividing into stages the process by which de-icing salt is ordered,
spread, and disposed of after use. We first examined public expectations and demands

government agencies, especially highway departments, seek to satisfy. Next, we
e;.Hnined actual use, beginning with estimates of need during the summertime, and
following through the process of storage, decision to use, and spreading. Finally, we

IV. TOMORROW'S POLICY: APPARENT CHOICES, REAL LIMITS

B. COMPROMISE CHOICES
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examined how salt, in the form of brine, drains from highway pavement onto highway
shoulder and percolates down through the soil into running streams or groundwater
aquifers. Within each stage, we found several possible ways to reduce the use of salt.
Each way has obvious strengths, but also practical limitations. We note them briefly
below.

1. Travel Less On Icy Roads.

Highway officials, Selectmen, City Managers, and members of the General Court all know
how impatient, even vehement, drivers can become when delayed. It seems almost
self-evident that the travelling public will not willingly accept slower and more trying
road conditions, except in exchange for some important compensating benefit.

2. Choose Saltless Snowstorms Or Saltless Streets.

Several observers have suggested this device. While attractive as an idea, it would pose
several problems in practice. Voters might agree to it in June, but resent it in January.
Which snow czar would decide which storms should be saltless? Who would defend the
policy after saltless storms? These would be ticklish questions.

One variation would be to salt main highways and shopping streets only, following the
example of Ann Arbor, Michigan. A second variation would be to spread salt only once
during a storm, instead of twice or thrice, and plow so as to leave two or three inches
of slush, which would tend to refreeze as the temperatures dropped. A third would be
to plow clean during and after a storm and then salt only as needed.

For all these variations, support of the citizenry is, of course, essential. None could be
tried without ample warning in advance, by publishing notices in the press and posting
signs of warning of salt-free zones. Any change would also require extensive explanation.
The real answer here is that the General Court, highway leaders, and other citizens who
know the problem would have to educate the public to accept such a solution.

3. Commute By Subway And Bus.

Public acceptance would be essential. The mass transit system would have to be large
enough to accept increased demand. This approach would probably work better in
Metropolitan Boston, where some of mass transit consists of streetcars and subways,
than in other cities, where it consists wholly of buses vulnerable to icy streets. But buses
cope better than do cars and pedestrians with three inches of slush.

4. Restrict Salting By Law.

However attractive in theory, this approach would be difficult in practice. Members o?
the General Court respect the vigorous desire of cities and towns for home rule. LegislaJt'
are also wary of "brittle law"; the technical aspects of salt contamination are complica™;
and road and weather conditions vary greatly in Massachusetts; so, the General Court
might no sooner legislate a fixed standard than see scientific discovery or field practice
render it obsolete or inoperable.
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5. Store Salt More Safely.

Poor storage practices have been recognized for some years as a prime villain. Uncovered
salt, piled on open earth close to streams and reservoirs, has caused the most dramatic
instances of contamination. But we know proper principles now. The Massachusetts DPW
is moving as fast as funds allow to build storage sheds, on sealed asphalt pads, at sites

from watersheds. However, although the state is bringing storage under control,
city and town highway departments seem to lack both professional knowledge and
sufficient funds to improve their practices as quickly.

6. Forecast Weather More Accurately.

DPW already contracts with a private weather forecasting firm for reports
specially geared to its needs during storms. But Mark Twain's remark still holds true:
"If you want a change of the weather in New England, just wait a minute." We cannot
realistically expect the science of meteorology to predict exactly how much plowing,
sanding, and salting will be required during a storm for every mile of every road.

7. Spread Less Salt.

This general principle is easy to state, but difficult to apply in practice. Because road
and weather conditions vary, dispute exists about which standards are "acceptable" to
drivers, and about how much salt is "enough" to attain them.

However, highway departments can monitor more closely than they have in past years
how much salt they are spreading. They are beginning to do so, by developing calibration
devices, improving control and inventory procedures, and emphasizing the salt problem
during pre-winter training. These steps are already reducing amounts of salt spread.

8. Help Salt Users Agree On Standards.

The principal actors in this drama - salt-producing companies, salt salesmen, state and
local highway departments, state and local water departments, and other agencies - should
all coordinate their policies better. The first among many problems here is to induce
all actors to agree on what constitutes good practice. The Governor himself cannot oversee
daily relations among state departments. The DPW can influence local departments only
through persuasion. No state, acting alone, is likely to police successfully the salt industry,
which sells to 30 or more states. Setting realistic standards is difficult at best.

9. Improve Drainage Systems To Divert Brine From Watersheds.

While easy to imagine, this strategy would be costly to engineer. Concrete drainage canals,
covered against the weather, could be constructed to carry brine into the relative safety
< Knowing rivers. This would prevent it from migrating through the soil into ground water
aquifers. While such drainage can be included in plans for new highways, building them
as improvements to miles of existing highways would be more costly by far. Moreover,
new highways typically require about 8 years of planning; hence, improvements from
this technique would not become apparent soon.
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Two serious limitations exist here. The techniques now available for removing salts - reverse
osmosis, ion exchange, and electrodialysis - are all extremely costly, and hence not
attractive to taxpayers. Each of these processes produces not only clean water, but also
a dense brine. This effluent has very little economic value. To dispose of it is difficult,
especially in our now-crowded environment.

No alternatives exist now which meet the criteria, noted above at the beginning of Chapter
111, which make salt such a useful weapon against ice. Research is being conducted, but
has not yet produced a chemical both as effective and as inexpensive as salt. For exam®"
such strategies as hea ting pavements with enclosed cables or pipes are prohibiti*?
expensive. However, research laboratories are working on some possibilities which hold
promise for the future.

*

10. Desalinate Contaminated Water

11. Use Alternatives to Salt
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