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Sodium and chloride levels in soils adjacent to salted highways were measured 
during July and October 1965, and April 1966, at 27 sites to determine the 
effect of salting for periods ranging from zero to 18 years. Levels of both 
ions were raised as a result of this practice, with the effect greatest at the 
edge of the road embankment and also where salting had been practiced for the 
longest period of time. Salting increased sodium and chloride levels more at 
the 6-in. than at the 18-in. depth, and sodium levels were raised to a higher 
value than were the chloride levels. Although levels of these ions were high
est at the edge of the highway, the levels were raised at a distance of 60 ft 
from the highway in some instances. Wells near some of the highways con
tained chloride levels in excess of the recommended maximum. 

•THE application of chloride salts to highways for ice removal during winter months 
has become a common practice throughout the northeastern section of the UnitedStates. 
Although some experimental uses were attempted earlier, the practice has become a 
general one during the past 20-yr period. 

During the fiscal year 1964-65, the State of Maine purchased 87,000 tons of chloride 
salts for application to its highways. Additional purchases by individual cities and 
towns brought the total up to at least 100,000 tons. 

The fate of these chloride salts after they are applied to highways is of considerable 
importance since they are considered to be pollutants in soil and water supplies. Their 
continued use may result in a serious loss of potable water supplies and of soils suit
able to support growth of desirable vegetation along our major highways. 

Groundwater samples taken from populous areas of eastern Massachusetts have 
shown an increase in salt content (6). In New Hampshire, a recent study (5) has indi
cated that the decline of roadside maple is correlated with a high salt concentration 
in the soil. The toxicity of chlorides to plants has been thoroughly demonstrated by 
several investigators (1, 2, 3). Although the tolerance varies from species to species, 
all plants are susceptihle To this ion when it is present in relatively large concentrations. 

OBJECTIVES 

This study was initiated with the following objectives: 

1. To determine the levels of sodium and chloride ions present in soils adjacent to 
salted highways at random points. 

2. To determine the distance from the edge of a highway over which salt applica
tions affect levels of sodium and chloride ions present in the soil. 
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3. To determine the relationship of sodium and chloride levels in the soil to the 
number of years that road salt has been applied. 

4. To determine the extent to which road salt applications have affected well water 
purity. 

PROCEDURE 

To determine the relationship of road salt applied to highways for varying periods 
of time to the sodium and chloride levels in the soil along the road, intensive sampling 
sites were established in five sections of the Maine Turnpike and Interstate 95 which 
exhibited a range from 0-18 years. These sites were chosen at random within each 
section with the exception that each one had to meet the criterion of sloping away from 
the highway with less than a 10 percent slope. At each intensive site, soil samples 
were collected at 6 and 18-in. depths in 5-ft increments from the edge of the road em
bankment out to a distance of 45 feet by use of a Nasco soil sampling tube with 1-in. 
diameter. A minimum of 12 borings were composited for each sample to avoid error. 

Twenty-two extensive sites were established along the major highways of the state 
by the criterion described. At these sites, soil samples were collected at 6 and 18-in. 
depths at distances of 0, 30 and 60feet from the road embankment. 

Soil samples were collected at all sites during July and October of 1965 and again 
in April 1966. Samples were air dried and sieved through a 2-mm screen to remove 
the coarse materials. Sodium and chloride ions were extracted from the soil by leach
ing with 1 N NH4OAc solution, as described by Jackson (4). 

Well water samples were collected at random along highways wherever they were 
found in close proximity to the road. At each site, a one-pint sample was dipped out 
and placed in a plastic bottle. 

Sodium was measured with a Coleman flame photometer, Model 21, and chloride by 
a Dohrmann halide analyzer equipped with automatic integration. 

RESULTS 

The soil samples collected at the intensive site along Interstate 95 in Stillwater pro
vide an excellentcomparison of the sodium andchloridelevels in the soil after one winter 
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TABLE 1 

SODIUM LEVELS IN SOIL SAMPLES COLLECTED ALONG A SECTION OF 
INTERSTATE 95 IN STILLWATER, MAINE, BEFORE AND AFTER 

ONE WINTER OF ROAD SALT APPLICATIONa 

Depth 
Distance From Highway (ft) 

Date (in.) 
0 5 10 15 20 25 30 35 40 45 

July '65 6 50 48 50 49 50 49 41 52 49 49 
18 39 43 43 43 48 36 41 43 46 41 

Oct. '65 6 39 30 30 30 30 30 30 30 30 30 
18 23 25 36 27 23 25 25 23 30 18 

April '66 6 235 150 81 58 53 87 64 39 39 
18 133 97 58 39 37 37 35 32 35 30 

aSodium values reported as parts per million (ppm). 
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Avg. 

48. 7 
42.3 
30.9 
25.5 
87.3 
53. 3 

of road salt applications with the levels present in the soil before any salt was applied. 
This comparison is possible because this section of highway was not opened for use 
until October 1965. 

Sodium and chloride data shown in Figure 1 and Tables 1 and 2 indicate that follow
ing one year of salting, the levels of both ions were raised appreciably in the soil. 
Sodium values at the 6-in. depth exhibit an increase up to a distance of 30 feet from 
the edge of the road embankment, with the increase being nearly fivefold at the zero 
distance and decreasing with distance. Sodium content of the soil was also influenced 
at the 18-in. depth by salting for one winter, but the effect is evident over a smaller 
distance of approximately 10 feet. 

Chloride values at the Stillwater site were increased markedly over the entire dis
tance of sampling, although the levels accumulated near the roadside were less than 
for sodium. This is explainable on the basis that the sodium cation is attracted to the 
negatively charged soil colloids where it is held from leaching to a considerable extent, 
whereas the chloride anion is repelled by the colloids and leaches readily if the soil 
material is such that percolation occurs. 

The sodium and chloride values for the soils sampled at five intensive sites along 
the Maine Turnpike and Interstate 95 are shown in Figure 2 and Tables 3 and 4. These 
samples afford the opportunity for comparisons between sites which have been salted 
annually for O, 2, 3, 5, and 18 years since this highway was constructed and opened 
for use by sections. The soil series were identified at each site and all were found to 
be originated from marine sediments which adds uniformity to the results obtained in 
this study. 

TABLE 2 

CHLORIDE LEVELS IN SOIL SAMPLES COLLECTED ALONG A SECTION OF 
INTERSTATE 95 IN STILLWATER, MAINE, BEFORE AND AFTER 

ONE WINTER OF ROAD SALT APPLICATIONa 

Depth Distance From Highway (ft) 
Date (in.) 

0 5 10 15 20 25 30 35 40 45 

July '65 6 T T T T T T T T T T 
18 T T T T T T T T T T 

Oct. '65 6 T T T T T T T T T T 
18 T T T T T T T T T T 

April '66 6 97 150 174 112 102 30 58 50 41 
18 100 81 107 54 65 45 49 45 46 38 

aChloride values reported as parts per million (ppm). 
T = Trace (less than l ppm). 

Avg. 

T 
T 
T 
T 

90.4 
63.0 
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TABLE 3 

SODIUM LEVELS IN SOIL SAMPLES COLLECTED AT FIVE SITES ALONG THE 
MAINE TURNPIKE AND INTERSTATE 95 CHOSEN TO EXHIBIT A RANGE IN 

TIME FOR WHICH ROAD SALT HAS BEEN APPLIEDi 

Site Years of Distance From Highway (ft) 

No. Salting Avg. 
0 5 10 15 20 25 30 35 40 45 

10b 0 40 39 40 39 40 40 36 41 39 39 39.3 
10c 0 31 34 40 35 36 30 33 33 38 30 34.0 

5 2 61 148 177 169 96 73 70 55 51 49 94.9 
5 2 51 96 123 103 66 66 54 49 52 44 70.4 
1 3 293 205 149 102 64 67 54 47 47 46 107. 4 
1 3 128 72 70 47 41 50 47 33 41 36 56.5 
7 5 176 187 101 57 47 39 41 40 31 41 76.0 
7 5 77 89 70 54 51 48 51 47 47 44 57.8 

13 18 247 488 434 408 341 302 275 297 282 252 332. 6 
13 18 272 307 276 192 229 207 181 186 149 178 217.7 
a 
Sodium values re port·ed as parts per mi I lion (ppm) for the average of Apri I, July and October samplings. 

bData for 6-in. sampling depth . 
CData for 18-in. sampling depth. 

Using the range of 30 to 40 ppm of sodium found at site 10 as a base level where no 
salt has been applied, it is abvious that salting has increased soil sodium levels at the 
remaining 4 sites. This influence appears to be directly related to the number of years 
of salting, with the exception of site 7. Subsequent on-site inspection has shown a 
slight variation in the microrelief at this sight which tends to prevent surface flow of 
water across the plot at a right angle to the highway and consequently, less salt is 
moved into the soil at this site than would be expected. 

At sites 5 and 13, the sodium levels are much less at the point where the first sample 
was collected than they are at the 5-ft distance because the first sample was collected 
in material which was part of the "fill" used as a base for the highway. This material 
was much coarser than the adjacent soil and it did not contain as many colloi<;lal parti
cles to prevent leaching of the sodium ions. 

TABLE 4 

CHLORIDE LEVELS IN SOIL SAMPLES COLLECTED AT FIVE SITES ALONG 
THE MAINE TURNPIKE AND INTERSTATE 95 CHOSEN TO EXHIBIT A RANGE 

IN TIME FOR WHICH ROAD SALT HAD BEEN APPLIEna 

Site Years of 
Distance From Highway (ft) 

Avg. 
No. Salting 0 5 10 15 20 25 30 35 40 45 

10b 0 T T T T T T T T T T T 
10c 0 T T T T T T T T T T T 
5 2 46 42 54 67 63 26 18 24 20 23 38. 3 
5 2 29 32 37 31 32 22 19 16 13 11 24.2 
1 3 100 67 59 73 37 21 21 14 12 15 41. 9 
1 3 97 80 48 31 16 12 19 13 12 11 33.9 
7 5 74 89 36 16 15 12 17 14 11 11 29.5 

7 5 29 46 31 22 T 11 10 9 10 6 17.4 
13 18 113 204 217 183 154 128 116 154 117 115 150. 1 

13 18 75 139 122 120 105 84 66 54 71 45 88. 1 

aChloride values reported as parts per million (ppm) for the average of April, July, and October 
samplings. 

bData for 6-in. sampling depth . 
cData for 18-in. sampling depth . 
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Levels of the sodium at the sites which had been salted for 2 and 3 years indicate 
an increase ranging from four to eightfold at the 6-in. depth near the edge of the high
way. This increase drops steadily with distance from the highway until it is insignif
icant at 35 feet. The sodium levels in the soil at these sites at a depth of 18 inches is 
considerably less than at the 6-in. depth but there is a consistent increase which is 
three or fourfold at the edge of the highway in comparison to those for the untreated 
site. The levels at the lower depth are also higher to a distance of approximately 30 
feet. 

The sodium levels at site 13, where salting has been practiced for 18 years, are 
extremely high at the edge of the highway and they continue at a high level across the 
total distance sampled, although the levels decrease with distance similar to the other 
sites. At this site, sodium levels are fifteen times higher at the 6-in. depth near the 
edge of the roadbed than they are in surrounding fields of the same soil. Even at a 
distance of 45 feet, these values are eight times greater than normal. Values for the 
18-in. depth follow a pattern identical to the 6-in. samples with the exception that they 
are approximately one-third smaller at this lower depth. 

Chloride levels for the five intensive sites shown in Table 4 exhibit the same rela
tionships as are evident for sodium, but the levels are considerably lower because of 
the nature of the ions. Following 2 and 3 years of salting, the chloride levels at the 
6-in. depth were raised to 46 and 100 ppm, respectively, at the edge of the highway. 
These levels decreased steadily with distance to 25 feet and then stabilized at approxi
mately 12-24 ppm. The levels at site 7 were raised by salting, but the results are 
confounded because of the microrelief at the site. 

The soil content of chloride ions following 18 years of salting was far less than the 
sodium content, with the values for the 6-in. depth being only about one-half as large 

TABLE 5 

SODIUM AND CHLORIDE LEVELS FOR SOIL SAMPLES 
COLLECTED AT TWENTY-TWO RANDOMLY SELECTED 

SITES ALONG MAJOR HIGHWAYS IN MAINE 

Sodium a Chloridea 

Site No. (dist. from highway) (dist. from highway) 

0 Ft 30 Ft 60 Ft 0 Ft 30 Ft 60 Ft 

2 144 66 73 95 45 32 
3 785 701 384 715 449 263 
4 274 104 47 247 36 T 
6 43 29 46 65 T T 
8 314 144 44 118 30 T 
9 11 20 20 T T T 

11 563 134 71 118 33 T 
12 106 166 37 8 6 T 
14 404 171 160 114 63 15 
15 110 39 32 T T T 
16 300 181 22 9 T T 
17 293 77 34 35 T T 
18 259 68 42 51 T T 
19 270 181 182 82 53 33 
20 310 95 74 84 34 T 
21 18 96 34 22 35 T 
22 185 129 49 57 70 26 
23 535 152 60 70 T T 
24 37 43 37 21 9 T 
25 321 24 11 101 T T 
26 395 364 266 97 114 67 
27 371 174 95 94 24 T 

Avg. 275. 3 143.5 82. 7 100. 1 45.5 19. 8 

0
Reported as parts per mi I lion to 6-in. depth . 
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as they were for sodium at all distances. At the 18-in. depth, this difference was even 
larger. 

Data are presented in Table 5 for the sodium and chloride levels in the soil at 22 
extensive sites randomly selected along various major highways in Maine. The number 
of years of salting is not known specifically for these sites along secondary roads, but 
salting of highways in this state for ice removal was initiated shortly after World 
War II and has been continued at an increasing intensity ever since. 

It is apparent that the levels of both ions exhibit a wide variation, with sodium rang
ing from 11 to 785 ppm and chloride from a trace (less than 1 ppm) to 715 ppm. The 
levels of the two ions are consistently related because each site with a low level of 
sodium also contains a low level of chloride ions. Sites 9 and 21 are examples of this 
consistent relationship. 

The average levels of the ions for all sites are of particular interest because they 
indicate that the soil content of each has been markedly influenced by salting. The 
average values of 275 ppm of sodium and 100 ppm chloride found at the edge of the 
highways are six and one hundred times-greater than are normal for the soils in the 
state. Furthermore, this effect is appreciable at a distance of 60 feet from the high
way on the average. Considering the width of a highway right-of-way, these figures 
indicate that private properties are undoubtedly being affected. 

The sodium level of the soil at site 3 is an example which should be considered in 
detail. Assuming a cation exchange capacity of 20 meq/100 grams for the Buxton soil 
series at this site, and employing the equivalent weight of sodium as 23, it can be seen 
that the cation exchange capacity of the soil is 17 percent saturated with sodium cations. 
The importance of this value can easily be related to the conditions in the arid portions 
of the United States where a soil with a sodium saturation greater than 15 percent is 
designated as an alkali soil. 

Sodium and chloride levels in well water samples collected at various points over 
the area of the state are listed in Table 6. The levels of these ions in samples col
lected from within 15 feet of the highway exhibit a consistent influence of salting, with 
the levels of chloride ions higher than those for sodium. This difference would be ex
pected for the same reason that has been previously explained for the higher levels of 
sodium ions in the soil samples. 

TABLE 6 

CONCENTRATION OF SODIUM AND CHLORIDE 
IONS IN WATER SAMPLES COLLECTED FROM 

WELL LOCATED WITHIN FIFTEEN FEET 
FROM THE EDGE OF MAJOR HIGHWAYSa 

Location Sodium (ppm) Chloride (ppm) 

Lisbon 78 144 
Gorham 33 67 
Gardiner 55 \-Hi 
Whiting 180 310 
Madison 102 461 
Lewiston 105 156 
Milford 65 231 
Gardiner 22 87 
Forks 11 14 

Avg. 72.3 174.0 

Hanoverb 2 T 
Richmondb 3 T 
Ripogenusb 1 T 

0 AII wells were sampled during April 1966. 
6These wells were selected for comparison because they 

were more than 50 feet from a highway. 

The average values for the wells close 
to highways are far above those for the 
wells that were more than 50 feet from the 
highway with sodium averaging 72 ppm and 
chloride, 174 ppm in the salt-affected 
wells. It appears that normal well water 
samples contain 1-3 ppm and a trace, re
spectively, of these ions. 

The highest level of 461 ppm of chloride 
was found in a well in Madison. This value 
is condiderably above the 250-ppm maxi
mum suggested for potable water supplies 
by the U.S. Public Health Service. 

CONCLUSIONS 

Levels of sodium and chloride ions in 
soils along highways in Maine where road 
salt has been applied have been increased 
considerably over the levels found in un
affected soils. These levels tend to be in
fluenced most near the edge of the road 
embankment and the effect decreases with 
distance from the highway. Levels of both 
ions increase with the length of time for 



which salting has been practiced, and this increase occurs over a greater distance 
with time. 
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Since high concentrations of sodium ions have an adverse effect on soil physical 
properties by causing dispersion of colloidal particles, alkali soils lack aggregation 
and are poorly drained, structureless soils. It appears the sodium levels found at 
some sites in this study would suggest that road salt applications may be resulting in 
poorer drainage of the soils along the highways. Furthermore, the sodium and chlo
ride levels present in these soils are rapidly approaching a point where they may be 
toxic to some of the desirable vegetative species growing in the area. 
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