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ABSTRACT

It was the primary purpose of this research to examine
the impact of deicing salt; namely sodium chloride (NaCl), .
on the soil adjacent to Highway 18 in Essex County,
Three soil types, Granby Sand, Berrian Sandy Loam, and
Toledo Clay were studied to determine whether they reacted
differently to the addition of sodium chloride during
the winter 1975-1976., \

- Changes in total salinity. sodium concentration, and
cation-exchange capacity were studied over time, over
distance from the highway, and .over depth in the soil.
~Using the Ordered Hypothesis for Multiple Treatments, it
was found that ncone of the variables changed significantly
over the study period, at the soil surface or at the 0.3m oL
depth. Simple regression and correlatiepn techniques were
employed to test for the change in each variable with-
distance from the highway. Neither total salinity, nor
cation-exchange capacity changed significantly with ‘distance.
Sodium on the other hand was found to decrease 51gn1f1cantly
with distance. Surface and depth values were cempared using
the Wilcoxon Rank-Sum test and were found not to differ
significantly, ~ Total slainity and sodium content were found
to have high corrélation‘when examined on a monthly basis,
particularly in the sandy loam soils; but not when all data
were combined. The relationship between sodium and .cation-
exchange capacity was also tested using simple regression,
and was found to be not significant, except when all values
were combined, 'in which case, the hypothesis had to be
rejected because of the very high unexplained variation.
Using the Wilcoxon Rank-Sum test, it was shown that total
salinity and sodium content did not differ significantly
between soil types, however, cation-exchange capacity
differences were significant, due more to clay and organic
matter rathér than the sodium content of the soil.

A soil column experiment was conducted to test the
hypotheses under controlled conditions. Total salinity and
scdium values increased significantly with additions of
sodium chloride, whereas, catlon-exchange capac1ty was not
found to decrease significantly. Regression ‘analysis °
performed on the column data, generated a significant positive
correlation between. total salinity and sodium and a significant
negative correlation between catlon—exchange capacity and
sodium., v
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CHAPTRR ONE

INTROIUCTION

The environmen£a1 impact of man's industrial processes
has, over the past several decades, become a prime concern
with the general public as well as with scientists. This
concern has been borne out primarily in urban areas where
air pollution has become ‘the cause of numerous resPiratory
disordérs. The impact is not felt solely in CltleB however,
as rural residcpts are increasxngly becoming aware of the
detrimental sidc effects.of insocticldes, fungicides,
herbicideo, and fertilizers. All too often_envifoomental
impact has been superseded . bf-the economic gain which could

be gleaned from a particular process or product. The public

‘desire for a clean, natural environment has forced governments

to legislate against numerous pollutlon practlces. primarlly
in the areas of waste dlSpOSal 1nto the atmOSphere and water
courses. Standards are also malnta1nea in terms of chemical
compositions of fertilizers and pest controls (e.q. DDT).
If concern 1s'to be had for the so-called majdr pollutants,
than that concgfn must also be'extended to those seemingly
minor ones, which through repeated use could, in time, produce
major env1ronmental problems.

The deicing salts, sodlum chloride (NaCl) and calcium
chloride (CaClz) have the potential to produce env1ronmental
problems. The most evident side effect of deicing salts is

the corrosion of auto bodies. Less notable results of its
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corrosive powers are evident in the breakdown of concrete
51dewalks, the burning of lawns and shrubs, and the corrosion
.of buried utility transm1551on lines.

McConneil and Lewis (1972) state that the American
motorist's demand for speed and conveniencé, even wﬁqn bad
weather affects road conditions, has led %o a dramatic'
increase in the quantity of salts applied to W.S. hlghways.
Approximately '9 million tons of delcing salts &ere used in
1972 alone, and it is expected that the amount used will
double every five years. Comparable figureé are not readily
availqple from Can!ﬁian sources, but it is expected that,
given its northerly location,_the difference in popui%tion
ahd highwagunetworks, its volume would be proportional.
Inevitably‘the questions as to where the salt goes, and
what are its harmful side-effects mhgt be asked. It is the
purpose of this research to attempt to determine whether
deicing ‘salts do'haQé“; detrimental impacttﬁn the roadside
environment, particularly with regard to its effects on the
soil. ' T

Sodium chloride is used more extensive1y as a deicing salt,
primarily because calcium éhloride is approximately four times
more expensive (McConnell and Lewis, 1972). Depending on the
temperature, however, calcium chloride may be either mixed
or sprayed into the sodium chloride as calcium brine has a

lower freezing point than does sodium brine. Both salts

melt ice and snow by dissolving in water, thereby lowering
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the freezing point of th; resulting brine solution below
that of pure water. 'As the brine spreads over the road,
it breaks the bond between the ice and the road surface.

Once salt is deposited‘onto the road éurface,it enters
the enﬁironment.in several wéys. A largé portion is carried
directly into local water courses and into roadside soil by
surface runoff. Kunkle (1971) stated that between 25 aﬁé 50
percent of the salt used on a road, infiltrates to the ground-
water, depending of course, on 1oéal rélief, soil type, and
precipitation. A portion of this salt w;11 remain in the
soil. Some éalt is evidently rémoved directly through the
atmosphere and can constitute a significant percentage
of the particulate matt r in the air (Kunkle, 1971). Finally
a substantial amount ig removed by traffic, eitherlby adhering
to the car's uﬂderbody and being transported and deposited

ielsewhere, or by being splashed directly onto the roadside
. (Hofstra and Hall, 1971). Eventualiy most of the deiciﬁg
" salt used will find its way into‘either the soil or water.

It is the purpose of this research to examine the

effect of that salt retained by the soil on various soil
parametérs, namely:; total salinity, sodium concentration,

and cat@on-exchange capacity. Each variable is studied in
terms ﬁf ifs change over Fime (winter 1975/76), change with ;
distance from the road, change between the soil surface and .
depth, and difference between soil types. The relationship
between sodium and total salinity, and sodium and cation-

exchange capacity is also investigated.



CHAPTER TWO

REVIEW OF LITERATURE

Most salinity studies have dealt with soils in arid
or semi-arid regions‘and their effects on crop production.
Nightingale (1974) discussed soil and gréundwater salinization
below land used for diversified irrigated agriculture. 7
Bernstein (1958, 1961, 1964) has conducted extensive studies
concerning the salt tolerance levels of numerous plants,
,.ﬁarticularly grasses and forage legumes. Coom (1965) studied
the absorption and transport of sodium and pétassium in
beans and cotton. Numerous other studies have been concerned
‘'with the effect of salts on plants (Brownell, 1965, Hayward
and Bernstein, 1958, Gauch: and Wadleigh, 1945, 194@, and
Rains and Epstein, 1967). Very few articles, however, deal
specifically with the effects of salt on the soil beneath
the plants. Many workers have alluded to the f;ct that
the soil may bg dqtrimentally effected by salts. Recent
studies by Mukhtar, Swoboda and Geoffrey (1974) deal with
the effect of sodium and calcium chlorides on the stability
of soil st;ucture. Pﬁrlange (1973) has conducted nﬁmerous
studies on the movement of salt and water in relatively
' dry soils, and Abrol and Bhumbla (1973) investigated salt
leaching in highly saline soils. Ravikovitch and Navrot '
'(197?) combined both plant and soil studies by investigating .
the effect of -soil temperature on plants grown in saline

soils.

The above mentioned studies have dealt with naturally-

4



occurring salts. These salts actually play an integral part

in maintaining the natural plant ecology of their respective

) regions -and are not considered foreign to their local

environment. The fdct that cash crops are affected is no
doubt, an important motive for the large number of studies
concerned with salt-plant relationships;

Roadside soils, in those areas exper1enc1ng heavy snowfall,
are exposed to the winter application of deicing salts. Within
the past ten years, a number of articles_have substantiated
the theory that salt applications are having detrimental
effects on groundwater and the roadside environment. Many

city Public Works studies have been conducted in New England,

where well-water supplles have been directly contaminated by

salt appllcatlons. Many sugar maples are dying because of
high salt intake along Connnecticut roads (Prlor and Berthouex,
1967) . Robetts and Zybura (1967) found that sodium chloride
levels were sufficiently high to restrict grass growth up

to 10 feet from the roadside in Iowa. Piatt and Krause

(1974) found that roadside aspen were being detrimentally
effected by salting near Santa Fe, New MexicoL It was
determined by Zelazny and Blase; (1970) that the deterioration
of silver maples in Vermont corresponded to high levels of
sodium chloride found in leaf and twig tissues in trees close
to the roads. Again the emphasis in these studies was on

the effect of salt on the plant rather than the soil, although



minimal attention has been given to the soil. aspect

Manifest in eurrent literature, is conflicting evidence

as to the detrimental effects of salt on the soil.

Van de

Voorde: and Van Dijck (1973) state that only a negligible
part of the total addition of salt. is absorbed on the soil

particles, and even excess levels of sodium are not so

harmful as to cause the disappearance of vegetation, but
that it only grows less luxuriantly.

This opinion, however
conflicts with the conclusions of other workers (Zelazny

and Blaser, 1970, and Roberts and Zyﬁura, 1967) .

In Windsor,

the Ministry of Transport and Communication has found that
the saltutolerantAéhrubs planted around the E.C. Row and

Howard- Avenue Interchange,

are suffering from twig, and
tissue burning and rings of salt have been found at their
bases (Coulter, 1975).

Richards (1951) has provided the most complete synthesis
to date on the effects of salts on soils.

Through the U.S
Salinity Laboratory,_he and others have conducted extensive

research into saline and alkali soils in arid and semi
regions of the United States.

i-arid
He found that as large numbers
of sodium ions leach through the soil,

they tend to replacé
other cations previbus}yhabsorbed by the clay and organic
portions of the soil.

When sodium reaches such a level that
it occupies more than 15 percent of the total exchange

capacity
of the soil, so0il structure begins to deteriorate.

i When such
a sodic soil loses its ability to remain sufficiently



aggregated, its permeabllity and water-holding capacity ‘.i

decrease markedly. The resulting-excess runcff apd.diminishgd'

aeration provide poor conditions for the growth b%-many plaﬁts.
Hutchinson and Olson (1967) found that sodium occupied

17 perggnt of the exchange capacity of a ro?\;ide';oil in

Maine. Their samples closély compared to theéfsoils of the

arid r?gions of the United States &héf; a soil having greater

y .

than 15 percent sodium is designated as an alkéli soil.

. Westing (1969) stated that neither the chloride nor the

calcium ions from road salt appear to have an adverse effect

on the soil itself. Chlorine is not readily fixed by so;l
colloids and tends to leach out;rather QUickly. Calcium
usually makes up a high proportion of the exchangeable cations
of seils and appFars to have beneficial, rather than
deleterious effects on the soil. The sodium therefore'haé

two characteristics ‘of importance; it changes the character

of the soil by making it less permeable, and it has a toxic

effect on plants.

Cation-exchange is defined asrthe interchange between
a cation in solution and another cation on the surféce of
any surface-active mate:ial such as a cléy colloid or organic
colloide (bonohue, 1971). The cation-exchange capacity is
the sum total 6f exchangeable cations that a soil can absorb
expressed in millequivalents per 100 grams of soil. Common
soil catioﬁs are calcium, magnesium, sodium, potassium,

ammonium, and hydrogen. The two factors having the greatest



influence on the cation-exchange capacity are clay and
organic matter, since they serve as reservoirs for cation
storage. A significant iﬁcrease‘in any one cation, in this
case sodium, will decrease the total exchange capacity by
replacing other cations in the soil. Therefore, it may be
that the winter application of deicing salts will increase
the sodium levels of the roadside.soils, £hereby decreasing
the exchange capécity of the soil.
There is a con;ensus of opinion among researchers as
to the factors determining the distance over which a brine
solution will migrate in soil. . This distance is dependent
on the slope away from the road, the amount of precipitatioq,
the soll texture and gﬁructure, and the volume and frequency
of salt applied (Westing, 1969). As a result, salt concen-
tration in the soil should decrease witﬂ distance from
the road. Adcording to Westing (1969), little if any change
ié demonstrable at any time of the year beyond 30-40 feet
(9—i2 metefs)”from the road. Zelazny and Blaser (1970)
found significant sodium counts at 75 feef (22.5 meters)
where & rather steep slope existed. The relatioﬂship between
concentration and distance also applies to depth: In each-
study mentioned thus far, concentrations were always highest
- at the .surface diminishing with depth. Prior and Berthouex
(1967) found the most significant chapge to occur at the
1 foot (0.3 meter) level, but this is dependent on slope
and soil type, and other local factors. Zelazny'and Blaser (1970)

made the observation-that high doncentrationé of sodium occurred



9

S8) even in the winter.

at a depth of 18 inches (0.46\;8E_
This indicates that salts are capable of percolating into
frozen soil rather than flowing across its sﬁrface. It
is expected then that total salinity (a\measure of all salts
combined) and sodium values will decreasg as the distance
awaf from the road ihcreases, both at the suxface and at
a specified depth. 

In summary, most of the papers éoncerned with saline
and alkali soil have dealt with those soils primarily in
relation to the crops grown in them. It is only recently

.

that an awareness of the problens caused by the application’
of deicing salts has occurred. Most of these studies,'ﬁowevér,
have dealt with the effects of salts on the natural roadside
vegetation. Only a few studies concerning the concentrations
of salts on soil surfaces and depth have been conducted.

None of these give evidence as to possible variation of
concentrations or effects in- different soil types.

The author is unaware of any study which deals with
gpeéific soil types in a comparative format. It is known that
concentration of sodium is dependent on distance and depth.
It is also known that sodium affects the cation-exchange

capacity -which is in turn af ed by the texture and organic

content of the soil. It follows therefore, that the cation-
exchange capacity of varying-soil Aypes will be affected

differently by the application of deicing salts. Soil texture
and slope will have a definite effect on the distance the sait

solution will migrate.



CHAPTER THREE

MOEL AND HYPOTHESES

.The-natural occurrence of events on a roadside soil,
after the application of deicing salts may be represented
by a simple model (Fig. I).. Before salting dccurs, each
- g8oil type; along a road, has specific physical and chemical
charactéristics. After salting, a certain portion of the
.brinec;olution goes directly into surface runoff. The
reﬁainder, excluding the minor portions which enter the
atmosphere or transported elsewhere by vehicles, goes
into the soil. Once in the soil, the solution is then
affected by numerpug factors such as texture, structure,
horizan develoPment;'slope and distance from the road. The
_Salt reéaiped by the soii wil%, over time, affect other
factors such as the total salinity, the sodium content and
the cation-exchange capacity. If the total amount of salt
added to the soil is sufficient to break down the soil
Structure, surface runoff will be substantially increased,
causing a new set of problems in the roadside environment.

The following hypotheses have been formulated to test
tﬁe above model.

(1) That for each soil type, total salinity and sodium
concentration values will iﬁcrease at both the surface and
at depth over the sampling period (Winter 1975/76), as a result

of the addition of deicing salt (Sodium chloride).

10

L
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(2) " That for each sdil'type cation~exchange capacity
will 51gn1f1cantly decrease at both the surface and at depth
over the sampling period.
(3) That for each soil type, at each sampling interval,
total salinity and sodium concentration values will decrease
at the surface and depth with distance from the rbad.
(4) That for each soil type, at each sampling interval,
cation-exchange capacity will increase at the‘surfacé
and at deth with distance ffom the road.
(5) That for each soil type, at each sampling interval,
surface values forltotal salinity and sbdium concentration
will be higher than at depth.
(6) That for each soil type, at each sampling interval,
~ surface values for Eéﬁidn:éxchapge capacity will be significantly
lower than those at depth. ' .
(7) That for each soil type, a£ each sampling interval,
there will be a positive relationsﬁ;p_between sdhium '
concentration and total salinity values;
(8) That for each soil type, at each sampllng 1nterva1,
there will be a significant negative relatlonship between
_ sodium concentratlons and cation-exchange capacity values.
{9) That each 50il type, asg expressed by the variables:
total salinity, sodium concentration, and cation—exchange
capacity, will react differently to the additlon of deicing

1l

‘salts.



. CHAPTER FOUR

STUY AREA AND SITE DESCRIPTION

The study area.was determined by a visual examination
of the Soil Survey of Essex County map (Richards, Caldwell, . °
Morwick, 1949), to find three distinct soil types along the
same major road. This design justifies the basic assgmption
that, this road receivés approximately the same amount of
salt along its entire length during times when snowfall
necessitates salting. The Essex County Public Works Department
énd the Ministry of Transport and Communication were
questionea as to whether there was a priority list ﬁor road
salting. Essex County has priorities for the main arteries
into Windsor, Ssuch as Walker Road and Howard Avenue, but
three different soil types do not exist along these routes.
The Ministry of Transport and Communication, responsible
for the maintenance of provincial highways, (Highways 401.
18, 3, 2, 98, etc.) do not have‘priorities. All roads under . -
their jurisdiction are ploughed or salted at épproximately
the same tim;, according to the patrol yard network. A
major road(i e. a provinc1al or county highway) was desired
for this study, as these roads are salted more frequently
then are the county concession roads.

| Highway 18 which runs south from Windsor along the

Detroit River and east alq\\/?ake Erle was: chosen for this

study. Along its route, three fairly distlnct soll types

e

13
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" were found within a relatively short distancer__Thesg soii
‘types are: (1) Berrian Sandy Loam, on gighway 18 just
~south of Chappus Road; (2) Granby Sand on Highﬁay i8
épproximately one-quarter mile nortﬁ of Sprucewood Drive
near .the Windsor-Raceway; and (3) Toledo Clay on Highway 18
just south of the intersection of Malden Road and Hf%ﬁﬁif 18,
it ﬁha.hoped that a clay, a loam and a sandy soil coﬁ;ﬁf?e '
' sampled, but the Berrian Sandy Loam was the closest'ﬁgpe?¥ ffJ;
‘to a‘ibggc:long this gécﬁion of Highway.

According to the Soil Survey of Essex County (1949),
«

—

the soils chosen for this study are described as foiloWéé

(1} Toledo Clay: The Toledo soils developed from
fine textured lacustrine materials under a deciduous forest
and exhibit the characteristics of the Dark Grey Gleisolic
Soils. Toledo Clay occupies approximately 17,500 acres in
Essex County. It ‘has level to slightly undulating topography
* with poor natural drainqge and is classeqwgs'slightly alkaline.

(2) . Granby Sand: ./The Granby is the poorly drained
member of the Fox catenga and exhibits the characteristics of
the Dark Grey Gleisolic Soil. Occupying approximately 1000
acres, it occurs chiefly in a large block south of Windsor.
The topography ranges from level to depressional, often
making it difficult to drain. It is classed as slightly
alkaline. o

(3) Berrian Sandy Loam: The Berrian Sandy Loam occupies
approximately- 16,000 acres of Essex County and is generally
described as being imperfectly drained. Profiles exhibit
characteristics of the Grey-Brown Podsolic soil. The
topography is slightly undulating and often resembles the
Granby depression conditions. It is classed as being
moderately acid. '

The actual sites for this research 3o not vary a great deal
(Figure III). Each has a very slight slopg/ except the
Toéledo Clay which has a slope of .08m witAin the first 6.3

meters of the traverse. The Toledo Clay i grass-covered for.

L
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the first fifteen fget and is then covered by reeds and
cat-tails. Both the Granby Sand and Berrian Sandy Loam
are grass-covered. To avoid residential and commerical
buildings all siteé were 1ocated‘qn the west side of

. . Highway 18. Also, areas under culéiVation were avoided
because fertilizers often contain varying amounts of

sodium, and because of the possibilities of so0il disturbance

due to farming practices.



CHAPTER FIVE
METHO IOLOGY

Sampli? Procedure:
At each of thé three sites, samples were taken aloné
a traverse, at intervals.of 0.3, 1.5, 3.0, 6.0, and 12.0
meters from the shoulder of the road. One sample was taken
at the Surfacg aﬁd depth at’ each marked distance, eXcept
at the 1.5 meter point where three samples ﬁgre taken. !
Following Westing's statement (1969), that little if any
salt is demonstrable«zfqany time of the year past 30-40
feet, samples were not taken beyona the 40 feet (12.0'meter)
distance. Samples were taken at the 0.3 meter (1.0 foot)
depth in accordance with the study of Prior and Berthouex
(1967), who found the most significant difference in

4
concentrations at that depth.

~ Sampling Timetable: g

The sampling timetable had to be rather flexible to

avoid taking sémples under frozen ground conditions. The

first samples were taken in November, 1975, before ény
snowfall occurred. The second set of samples was taken

during a midwinter thaw in February, 1976, and the third

1 It was originally planned that comparisons of variables
between soil types would be conducted using those values
at the 1.5 meter distance.

)

18 )
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and final set was taken as soon as possible after the
last snow melted, which was in early May, 1976. as it
turned out, samples were taken almost exactly three
months apart. e

Data Collection: " : \\L
Data for texture analysis were collected us;ng the
Bouyoucos Hydrometer Method as outlined in Appendix I,
to determine, if in fact the samples taken fall within the
8011 classification units allotted by the Essex County Soil
Survey (1949). Total salinity data (Table I) were collected.
using electrical conductivity, whereby the conductance of the
filtrate of each sample was measured for total salt content,
by direct reading from a nomegram for salt csncentrations
(Appendix II). Cation-exchange capacity data (Tabie I1)
were collected using the method outlined in Appendix II.
Due to eéﬁipﬁent facility problems and the author's timetable,
all samples were sent to a contract laboratory for the deter—
mination of sodium concentrations.‘ Results were obtained by
Atomic Absorption (Table III). The soil column construction
was completed by the author. Data from the Column procedures
(Table IV) were collected using the same standard laboratory
methods étated in Appendices IT and III. Detailed sodium
chloride concentration calculations and column procedure, are

given in Appendix IV.

(/'\
Statistical Testing Procedures:

To test for statistically significant differences over
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TABLE I

Total Salinity (ppm)

Sand

Gran

Distance (meters)

May

Februarvy

November

»

Surface

VOt-rirm~N
& 8 ° 8

)
oo mm

CONOI N~

L]
St m

MU OoOOoOo0
s & 8 2 ¥ 8 0

O rMmMmYN
e

Depth (0.3m

DA~ NN
4 8 v e ¢ 2
NN MO M

CONNODE~O

[l el BV e I ag IS

LR '}
et Mg

A NI R s NeNoNe]
L N

.
Orirde=-iMON
L]

Berrian Sandy Loam

Surface

OFNONON

VOGO~ N
T ~

ONANMAO ™

. * e s
m478572

NNOOW®WHH

L L ] L] L ] L] L ] -
SO0 QO n
=t

S




21

Table I cont'd.

Berrian Sandy Loam -

meters
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.Februarv

22
NHovember

TABLE II
Cation-Exchanqge Capacity {me/100q)

Distance (meters)

Granby Sand
Surface

4084400

3544444
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Berrian Sandy Loam

Depth {0.3m)
Surface
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Table II cont'd.

Berrian Sandy Loam

Distance (meters) November February May
Depth (0.3m)

0.3 4.4 8.8 11.0
1.5 2.2 7.8 7.4
1.5 3.0 8.8 5.4
1.5 5.0 8.6 5.6
3.0 3.8 11.4 4.8
6.0 3.8 10.6 8.0
12.0 7.4 10.8 6.4
Toledo Clay
Surface
0.3 17.0. . .9.6 14.0
1.5 29,0 . 15.4 19.6 -
1.5, 47.0 18.6 20.2
1.5 13.0 16.8 20.8
3.0 14.0 15, . 20.2
6.0 20.0 19,2 21.6
12,0 19.0 18.4 . 22.6
Depth (0. 3m)
0.3 28.0 16.8 19.4
1.5 28.0 16.2 17.0
1.5 28.0 ©17.8 18.0
1.5 22.0 18.6 19.6
3.0 24.0 16.0 18.4
6.0 22.0 18.6 19.6
12.0 24.0 19.6 18.8
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TABLE III

. ™~
Sodium Concentrétion (ppm)

Gfanbx Sand
Distance (meters) Hovember February May

Surface -
0.3 17 40 21
1.5 10 34 41
1.5 , 8 46 26
. 1.5 ' 12 38 32
3.0 17 : 34 23
6.0 11 15 3
12.0 12 13 4

0.3 36 36 28
1.5 29 33 25
1.5 . 32 39 ) 33
1.5 15 34 32
3.0 26 26 14
k.0 6 - 12 2
12.0 4 8 i
Berrian Sandy Loam
Surface
0.3 19 58 230
1.5 26 19 11
1.5 41 40 27
1.5 29 48 41
3.0 20 26 38
6.0 12 43 36
12.0 3 8 3
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Tahle IIT cont'd.

Berrian Sandy Loam

Distance (meters) November February May

‘Depth (0. 3m)

35 60 90

0.3
1.5, 32 27 21
1.5 41 : 36 "33
1.5 38 45 45
3.0 19 21 23
6.0 8 22 22
12.0 4 7 1
Toledo Clay
Surface
0.3 7 40 22
1.9 24 40 24
1.5 23 32 34
1.5 23 34 41
3.0 25 28 26
6.0 23 30 25
12.0 22 21 19
- \
Degth 50.3m2
0.3 20 36 52
1.5 35 31 52
1.5 35 28 41
1.5 29 37 51
3.0 20 : 27 " 32
6.0 17 . 37 34
12.0 19 25 18

R R )?1'“- e e e



Depth (cm)

0.0
10.2
20.4
30.6

0.0
10.2
20.4
30.6

0.0
10.2
20.4 .
30.6

]
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TABLE IV

One-~Half

" Soil Column Data

Full

Concentrations

Double

Total Salinity (ppm) Before = 5.4ppm

8.0

.0
.0
.0

RS S N )

14.0

9.2
11.0
10.0

Sodium Concentration (ppm)

54
32
28
40

’

Before

Cation-Exchange Capacity (me/100qg)

2.60
3.20
1.80
2.60

1.60

2.40
2.20

- 2.80

1.00
1.40
1.40
1.60

Before =

]

16ppm

7.60 me/100g
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~~ time in hypotheses number one and two, £he Ordered Hyﬁotheses
for Multiple“Treatments (Page, 1963) -is employed. Using

the November samples as éfcontrol”sample, to which the
February and May samples are defined as'treatmenté, the
Ordered Hypotheses test computes an L-statistic, which when
used against the given tables, denotes whether_rejection
~of the nﬂll ﬁypotheses or acceptance ofi%he stated alternative
hypotheses is admissible. The L-test can only be used when

a reasonable basis for ordgring treatments is known. The
signifance level for this test and all other tests performed
for this research is .05,:to allbw the greatest leeway for
acceptance or|rejection-of a hypothesis due to thé small . -
sample sizes involyed. The L-test was choéen rather than

the Analysis of Variance and the Student's t-test primarily
because of the small sample sizes involved and because of
direct application to the data. )

Simple linear regression-and correlation is used to
test those relationships predicted in hypotheses 3"\4, 7,
and 8. The significance of the correlation coeff1c1ent is
_then tested at the .05 significance level using tables
(Barnes and Noble, 1950). Rejection occurs if the combuted
correlation coefficient is less than the critical f—valﬁé:
in the tables; ,
The Wllcoxon Rank—sum test for Identlcal Populations

(Bradley, 1968) is employed to test hypotheses 5, 6, and 9.

The test statistic is computed by calculating the sum of



—t

the ranks of the Smaller-sized sample,'or when n = m, the
smaller of the two sums, and comparing this value to the
W-critical value in the giﬁen téﬁles. Rejectlon occurs
when  W-observed is less than or equal to W—critlcal.

The assumptions of random sampling and independence
of samples are fulfilled in each Case. The problem of
tied observations or tied raﬁds, 15 dealt with u31ng

midranks as outlined in Bradley (1968).

-
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CHAPTER SIX

STATISTICAL ANALYSIS OF FIELD DATA )

™. .

\ghe‘first step in the analysis was td provide data///
COqcé;ning the proportions of sand, silt-énd.clay in he -
November samples, to detarmine if they«were, 1n[fact " the
soil types designated in the Soil Survey of Essex County (1949).
The calculationé.in the Eguyoucos hydrometer method provided -
crude but reliab#quétimations of the sand:'silt apd‘clay Prop-
ortions of each sampie; The Berrian Sandy Loam soil has‘18.§
percent clag, 19.1 percent silt and 62.0'percent sand, ;hich
ébnfirﬁghfgs designation as a sandy loam. The Gpanby Sand samples,

\‘1§§Levep, were found to have 18.1 percent clay, 13.0 percent “
. S _8ilt and 68.9 '‘percent sand, which does not claééify it as a
‘ " sand, but ;ather a sandy loam. The continnéd use of the
\\ “GranBy Sand" designation of its samples is based on the

» ; authorrs desire to sutdy the possible differences, or

P similarities, between it and the?Perrian Sandy Loam. It

is conceivable that any significant differenceg between the
~_ .
-samples,-coqld be related, not 80 much to soil type or texture, .
~ “ but to other local factors, such as the slopq-of the site
, _ .

or the actual site location. The Toledo Clay samples were

— - found to have 43.7 percent clay, 29.2 percent silt 28.0

- "2 .

1 The proportions of sand, silt and clay are mean values of all
the samples taken at each site. It is felt that the ean valueg
are more representative of the soil types, than values derived

. from single determ@nationSﬂ

29
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Therefore, the texture analysis confirmed the classification
of the Toledo Clay and the Berrian Sandy Loam soils, but

classed the Granby Sand as actually being a sandy loam.

Analysis of Hypotheses:

In the statemenfrof hypothesis number one, Mt was
predicted that total ;alinity and sodium concentrations would
increase significantly over the sampling period. The mean
values for total saiinity, as derived from Table I, are
p;otted-to illustrate the changes in total salinityjin each
so0il type over the sampling p&fiod (Figure 1IV). The'graphs
seem to indicate that significant changes did occur in the
Granby Sand and Berrian Sandy Loam surfaces, and also at

~depth in the Toledo Clay‘samples.l Despite the indications
of significaﬁt chhngé, the changes were not significant at
the .05 significance level (Tépéﬁ V).

The curves,in Figure V, derived from calcﬁﬁhtions of :u_
mean values for sod;um_conéentrations {(Table III), seem to
indicate, again, significant. changes over time at each surface

. and depth. In all cases, however, changes that did, occur v
were n;t sign{f;cant at the .05 significance level (Table VI).
Siﬁilar conclusiqns.may be drawn for the results of

both total salinity and sodium over time. It may be that

1 It must be noted that mean total salinity values for surface
and depth samples are plotted Bxtremely high or 'low values
‘tend to weight the mean value. Plotting the means, however,
best illustrates changes over time. The p em of mis~

representa?ive means is overcome by ranks in the L-test.

H



Mean Monthly Total Salt Concentrations (TS) For Each Soil Type
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TABLE V

Results Of L-test For Total Salinity Over Time

Sample L-observed Significagzé\

Granby Sand ' '
. —Surface 54 No

-Depth 51 No
Berrian Sandy Loam

-Surface 57 - No

-Depth 62 No
Toledo Clay | ,

~Surface 51 No

~Depth 55 ‘ No-
Level of Significance = .05
Significant if L 2 L' = 66

TABLE VI

Results Of L-test For Sodium Concentrations Over Time

Sample L-observed Significance
Granby Sand

-Surface 61 No

-Depth 33 : Ho
Berrian Sandy Loam

-Surface 62 . No

-Depth 60 No
Toledo Clay

‘'-Surface 62 No

~Depth _ 64 No
Level of Significance = .05
Significant if L 2 L' = 66

e

I
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Na (ppm)

Na {ppm}
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Mean Monthly Sodium Concenirations For Each Soil Type
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the total amount of deicing salt that was retained by

the soil over the sampling period was not,sufficiené to
significantly change the total salinity-éalue or the sodium
concentration in the soil. Alternatively, during the thaw
in February, enough snow may‘have melted to produce sufficient
runoff to leach the soil of the deicing salt ft may have
accumulated between November and February. If this were
the case, thé values actually received may be the result of
*incomplete leaching. In conclusion therefore, hypothesis
number one must be rejected and the null hypothesis, that
there is no significant change in total salinity and sodium
over time at the surface or at depth must be acéepted.

In the statement of hypothesis number two it was
predicted that cation-exchange capacity values would decrease
significantly over the sampling period as sodium chloride
was added to the soil. Figure VI illustrates the chaﬂges
that occurred both on the surface and at depth at the three
study sites, as dérived £rom the data in Table II. The graphs -
indicate that a number of changes in cation-exchange capacity
did occur. The results of the L-test (Table VII) however,
show that in all cases no changés significant at the .05
signi%icance level exist.

It is interesting to note that in every case,with the
. eXception of‘the Berrian Sandy Loam depth data,. the mean‘
cation-exchange capadity is lower in May than in November.

It would seem therefore, that over the sampling period the



-

35

Mean Monthly Culior;-Exchonge Capacity Values For Each Soil Type
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TABLE VII

Results Of L-test For Cation-Exchange Capacity Over Time

Sample L-observed Significance
Granby Sand . ,

~Surface 54 ’ No

-Depth 58 No
Berrian Sandy Loam

~Surface 55 No

-Depth : 64 . No
Toledo Clasy

-Surface 62 No

~Depth 54 No

Level of Significance = .05

Significant if L 2 L'

1l

66

cation-exchange capacity generally decreased, but not to

such a degree that the changes could be shown to bhe
significant. The lack of significanf change in the cation-
exchange capacity may be explained by the théw-induced leaching
of sodium in February. In conclusion therefore, the hypothesis

that catibn—exchange capacity values would significantly

decrease over the sampling™period must be rejected and the

null hypotﬁesis thaﬁ, there is™npo significant change over the

sampling period, accepted. of
Hypothesis nﬁmber three states that total salinity values

and sodium concentrations should éecgéase with distance away

from the road. The edge of the road is the first area that

receives any salt due to splashing by autcomobiles bouncing
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of salt from the salting vehicle, and from snow which has
been previously salted and later ploughed to the side.
This trend is also expected because of the change in slbpe
from the center of the highway to the road's edge. Salt.
will also reach greater distances if slope iqcreases away
from the road.

Figures VII to XIT illustrate the changes in total
salinity and sodium with distance. Visﬁal examination of
the curves (Figures VII to IX) would seem to indicaﬁg that,

in general the hypothesized relationship between total

. salinity and distance can be accepted.l The correlation

coefficients (Table VIII), however, show the relationship
to be significant in five out of eighteen cases at the .05
significance level. The relationship is consistent between
months; February to May on the Granby Sand surfaée, and
February to May at the 0.3m depth of the Berriaﬁ Sandy Loam.

The relationship is not consistent at the coinciding depth

- or surface.' Even though both soils are, by definition, sandy

loams, it cannot be stated that there is a possible overall
trend of decreasing salinity with distance. Nor can this be
stated for the Toledo Clay samples. It may be, that the

amount of deicing salt retahped by the soil was not sufficiently

1 The value plottéd at the 1.5m distance is the mean value of
three samples taken at that point.. The mean value also
represents that distance in the regression analysis.

e



Changes In Total Salinity With Distance - Granby Sand
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Changes In Total Salinity With Distance - Berrian Sondy Loam
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Changes In Total Salinity With Di'st'ance - Toledo Clay

30_ ]
Surface
November
\ —_— f;:bruary

20 — e ay
104

E

a

=Y

£

£ 0

5 i

v Depth (0.3m)

B

Q

s

{
20_]
0 1 | 1 ! I
0.3 1.5 3.0 4.0 “12.0

Distance (meters)

Figure IX



t

. "ITX O3 IXIA s9anbTg UT USPTAS Y2AIND usjybreazs o3 sanTea HoT o3 ﬁmi&Ommcmuu
8Is9m ssniea AJTUTITRS [P30] *E = wWopsaxy JO saaIbaq *19ADT 8OUBDTITULIS 60°* oyl 3e JURDTIITUDTS,

T

L8L"0O x188°0~ €6°0 + XZo°'0~ = & 20" 0- yadeg - Aey
$00°0 $90°0 $6°0 + XZO0'0 = A 200°0 ysdag -~ Axenagag
€EE 0 LLS°O- S8°0 + XT0"0-~ = A T0°0- yadag ~ JaquaaoN
269°0 L08°0- 98°0 + XZ0°'0- = & Z0*0- aoegzang - Aep
GGL*0 698°0- L8O + XTI0*0- = A 10*0- soeIINg - Arxenageod
8LY*O 169°0- 88°0 + XT0°*0~ = & 10°0- 90BJIING - JOQUDAON
AeTD OpPaToL
£¥8°0 ¥816°0- 00°T + XL0°0- = & L0®0- Yadaa - Aey
66L°0 »¥68°0~ L6°0 + X50°0- = & S0°0- _ yideg - Lxzenaqag
$59°0 608" 0- $8°0 + Xp0°0- = & B0°0- yazdagq - IoqUBAON
889°0 628°0~- SE'T + X60°0- = & 60°0- @oejzans - Aey
ZEL'O 968" 0~ 66°0 + XG0°0- = A S0°*0- soezaIng - Arenaqed
) #85°0 $9L°0- - $6°0 +.X£0°0- = & Zo 0- 90BFING - JOUOIAON
_ : K . ueon Apues :mahhmm-
- .
8L9°0 ¥28°0- L9°0 + XZ0"0- = & 200~ -yadaqg .- Ken
69€°0 L09°0- 6L°0 + XZ0"0- = & Zo"0- yidag ~ Aaenaqeg
€S0 ZL9"0- - €L°0 + XZ0°0- = K Z0*0- yideq - JoquasoN
618°0 +506°0- " ELT0 + XZ0t0- = & 20°0- soezang - Aey
£L98°0 «TE6°0- ¥R°0 + X£0*0- = A £00- aoeIINS ~ Axenaqsg
ZOL*0 8EB8°0- TO°TI + X€£0°0~ = & £€0° 0~ BOBIING - IPQUBACN
_ pueg Aquein
- uoIjeutTwIajzaq JUBTOTIIOOND uotienby JUSTOTIF20D a1dureg . :
JO JUBTOTIFFOD UOT3IRT3IIOD BUTT 3ITJI 3sod uorsssabay

(X) @duelsTqg puy Amv AJTUTTRS TR0 USOMISH S1SA[BUY UOTSSOaboYy JO Sa[nsoy

TIIA TT9VL



42

high to significantly increase the total salt content of the
soil. The results of 'a more rigorous test, the non-parametric
Total Number of Runs Up and Down (Bradley, 1968), also showed
the absence of a significant trend between total salinity

and distance (Appendix V). This test showed only one case

in eighteen to be significant - the Berrian Sandy Loam depth
in May. The hypothesis that total salinity decreases with
distance from the road must be rejected.

Hypothesis three also predicts that sodium concentrations
will _decrease with distance from the road. Correlation
coefficients (Table IX) confirm this hypothesis, particularly
with respect to the sandy loam soils, where nine out of
twelve cases are significant. r‘W:i.th the Toleao Clay samples}
in only one instance is the hypothesis upheld. Fiqures X to XII
illustrate the change in sodium with Yistance from the road.

The..expected trend is most apparent in the sandy loam soils.

The disparity of values 6m from the road in the Berrian Sandy

Loam (Figgre XI) may be related to the bresence of a minor

surface depression on the site serving as a runoff reservoir,

.and tending to increase sodium values. It seems evident

therefore, that the amount of salt retained bykthe soil,
although not suffic1ent to change the total salinity values
close to the road, was sufficient to change the sodium content -

values so as to establish a trend with regard to distance

frgy the road.,

. The’'results of the total number of Runs test, however,
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Change In Sodium Concentrations With Distance - Granby Sand
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Chonge In Sodium Concentrations With Distance
- Berrion Sandy Loam ‘
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Changes In Sodium Concendrations With Distance - Toledo Clay
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conflict with the regression analysis (Appendix V).

In only three out of eighteen cases does sodium show a
significant decline with distance.. It  would seem that this
test may be too rigorous,,as significance at the .05 level
occurs only if there is one run in a sample size of five.
This does not allow for the slighte££ variation up or down
in values except in the predicted direction. Therefore, that

part of hypothesis three regarding the relationship of

. sodium concentration to distance is accepted for the sandy

loam soils and rejected for the clay.

Hypothesis number four_statés that as the distance away
from the road'increases the cation-exchange capacity should
alsq increase significantly because of a progressive reduction
in éhe addition of deicing salts. Cation-exchange capacity
is effected primarily by clay colloids and organic matter,
each of which servés as reservoirs for cétion-éxchange
activity. »It is therefore reasonable to assume that each
sample‘will'naturally have different cation-exchange capacities,
the clay soils having the highest. Acceptance of this
fact does not change the nature of the hypothesis stated above.
The influx of sodium providing an abundance of sodium ions
into the soil system, should effect the exchange capacity.

This imbalance results .in a decrease .in the total exﬁﬂ;nge
capacity. It is closest to the road, that the exchange
capacity values should be ;owe?t, increasing with distance

from the road.
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Figures XIII to XV illustrate t%e cation—exchénge
capacity of the three soil types. Few trends are evidenp
from visual inspection and this is confirmed by thé
correlation coefficients (Table X) as well as the Runs
test (Apbendix V). 1In not one case dées the hypothesized
rélationship become evident. The fact that] some of the
regression coefficients are positive and some negative, also
indicates the absence of a relationship. It seems evident
therefore, that factors other than distance and indirectly
sodium, affect the éﬁtion—exchange capacity. Hypothesis
eight direc;lf tests the relationship betwéen sodium and
cation-exchange capacity. It is known that clay and organic
colloids directly affect the excﬁahge capacity. It is alse
possible that frozen-goil conditions affect cation activity.
Neither of these possibilities, how;ver, can be substantiated
in the present study, therefore; one must reject the
hypothesis that cation-exchange capacify increases with
distance as a result of decreasing sodium concentration.,

The Wilcoxon rank-sum test was used to determine whether
there is a éignificant difference between total salinity
and sodium values in samples taken at the surface ‘and at a
depth of 0.3m. It was expected that.surface values for total
salinity and sodium would be higher than the depth values
in accordance with the observations of Pridi and Berthouex

(1967) .and Zelazny and Blaser (1970). The results in Table XI
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Change In Cation-Exchange Capacity With Distance
- Granby Sand
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Change In Cation-Exchange Capacity With Distance
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Change In Cation-Exchange Capacity With Dusmnce
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~

indicate an absénce of significant différences. In thé
nine comparisons of total salinity only two cases are
significant., the Granby‘ﬁand in November and the f/iedo
Clay in February. Only in the Granby Sand, however, dogg
the surface have the higher values; the higher values being
at the 0.3m depth in the Toledo Clay. As a result, only
one comparison is acceptable under the stated h&pothesis.

It is conceivable that percolatioh occurrlng throughout
the winter months, played a more 1mportant role in creating
a homogeneous p ofile,'with‘regard to total.salinity, than
did the.February thawy. If percolation'did éontinue throughout
the winter, the results would concur with those of Zelazny -

and Blaser (1970), who suggested that brine solutions are

-capable of percolating through frozen seils. It must be

concluded that total salinity values were not significantly
higher at the surface than at the 0.3m depth. -
The results of the sodium comparisons between samples

5.
collected at the surface and at the 0.3m depth are similar

-~

4

to those for total salinity. In only one case are the surface

values significantly higher than those at depth. Again,

'percolation through frozen socil seems to be the only plausible

explanation. One mus£ therefore, reject the hypothesis that
total salinity and sodium concentrations will-be higher in

samples collected at the surface than at the 0.3m depth.

Cation-exchange:?apacity values may be expected to be
et 1
lower at the surface than at deptK because of the higher
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TABLE XI

Results Of Wilcoxon Rank-Sum Test For Monthly Surface-Depth
Comparisons Of Total Salinity And Sodium Concentrations

Soil Type ' Month Smallest Rank-Sum (Whl Significant

fotal Salinity

Granby Sand . November o 35.0 ’ Yes
) : ;/"\nEgbruary 51.0 o ‘No
. Mz 48.0 No
Berrian Sandy Loam .Noyember 40.0 4 No
. February 50.0 No
May : 42.5 No
‘Toledd Clay "November 48.5 , . 'No
L * “February 36,5 - Yes -
-1 May : 47.5 _ ' No
§ ,4?{ _ Sodium Concentrations *
Granby sand’ November 44.0 No
February. 44.0 : No
May ‘ 50.5 " No
Berrian Sandy Loam November 48.0 No
. February . 50.0 No
May - ' 49.0 No
Toledo Clay November 52.0 No
‘ February 49.5 ° No
May - B _ 39.0 Yes
Significance Level .05 -
Significant if L £ L' = 39 R
Q .
iY % .
/!
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- sodium retenéxsn at the soil surface. The results generated

by the rank-éﬁﬁ test .in hypothesis five however, would seem
to indicate that, because there was only one significant
difference in sodium, there would be no variation in the
exchange capacity values. In the nine comparisons (Table XII)
however, significant differences are evident in four cases,
although eely in the Granby Sand - May comparison are the
exchange values lower at the‘surface. In the\other three
cases, exchange values are higher at the surface. None of
the four comparisons having significant differences, correspond
to significant dlfferences in the sodium compariscns. Igu
would seem evident therefore, that because the exchange
values do not differ significantly, factors other than

sodium {such as clay and organic matter)aare more important

«
to cation activity. It is also possible that insufficient

sod;um was available to effect the exchangeHValue Because
ofbpercolation through the 0.3m depth. The actual relaeionship
between sodium and cation—exdﬁange capacity is dealt with
later in the'paper.
In conclusion therefore, because only one comparlson ‘
is 31gn1ficant, the hypothesis that cation-exchange capacity
values are lower at the surface than at depth, must be rejected.
Hypothesis seven predicts that a’' positive relationship =
exists between sodium and total sa¥inity, such that as

sodium increases the total salinity also increases. Using

regressionzand correlation techniques, this hypothesis was
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) ) ""‘""‘"f‘
N TABLE XII
Results Of Wilcoxon Rank-Sum Test For Monthly
surface-Depth Comparisgsonsg Of Cation-Exchange Capacity
Smallest ,
Scil Type : Month Rank-Sum. {Wn) Significance
Granby Sand November | "41.0 No
‘ February 40,0 No
May ) 30.0 Yes
Berrian Sandy Loam "November - 28.5 Yes
February 34.0 . : Yes
~ May 45.0 No
Toledo Clay November 36.0 . Yes
- February 45.5 No
May _ 42.0 No
Level of significance T .05
Significant if Wp £ W,' = 39

tegted first for:eadh month_and fof each soil type, gombining
the surface and the 0.3m depth data (Table XIII). It is :
evident from the results, that in everf month, for each

ééii type. with the exception of Granby Sand and Toledo

Clay in November, the hypothesized relationship is significant
at the .05 significance level. There are two results fpr

the Berrian Sandy Loam bécause of extreme values in sodium
and total salinity. a£ the surface and depth, 0.3m from the
shoulder of the road in May. The analysis was done first
with then without, the extreme values, £o determine if those
values had an effect on the regression cdefficient’And
correlation coefficient. The results show an increase in

the slope anﬁ'cofrelation coefficient when tﬁe extremes are
eliminated. Such high values, i.e.‘230ppm~surface and %0ppm

depth, when compared to the other values can only be a

2 ru

4
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e, -
chance occurrence. It is not suprising not to find a correlation

between the variables in November for Granby Sand and Toledo

Clay, as the samples represent pre-winter or pre;salting
B ra

conditions. One may conclude therefore, that there is a

strong positive reiationship between sodium and total salinity
&

-

on a monthly basis.
The data were tested a secondftime combining all
values regardless of month, surface, or depth (Table XIV).
Only in the Be:rian.Sandy Loam and Toledo Clay soils was
» the relationship found to be significaht and moderately

Jr

strong. Berrian Sandy Loam data were aqiin tested without
the extnege sodium and total salinity v

ues, 1ower1ng the
regresgion and correlation coefficients considerably. The
relationship was found to be almost non-existent in the

Granby Sand data. It is conceivable that percolation

(S

efficiency was highest in’the Granby>Sand throughout the
w1nter, thereby not allowing the sodium ions to 51gn1f1cantly
change the total sallnity values. This is also ev1dent in S
the lack of change in total salinity over time (Figure Iv).
It must be concluded therefors+that there is a moderately
stronguzgiationship between total salfinity and sodium, in
the Berrian Sandy Poam and Toledo Clay soilq,rbut not in
the Granby Sand. "

Finally the data for total salinity and sodium were
ceombined regardless of soil type, sutface or depth location,
distance, or month to formulate a general conclusion regarding .

s the hypotﬁesized,relationship over the study period. . Again
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the regression analysis was conducted, first including

the extreme values (A) and secondly excluding thosé values
(B) {(Table XV). It is reasonable to conclude that the
correlation coefficient r = 0.151 is more representative

of the data than 'is the value r = 0.324 when the extremes

are considereq. The presence of extremely high and unaccountable

values tends to increase the correlation and regression

values thereby reducing confidence in the final results.

¥

TABLE XV

Results Of Regression Analysis Between All Values Of
Total Salinity And Sodium

Regression Best Fit Line Correlation Coefficient Of

Test Coefficient ~Equation Coefficient Determination
A 0.20 y = 0.20x + 1.49 0.324* 0.105
B 0.11 y = 0.11x + 3.66 0.151 0,023

*Significant at .05 Significance Level
Degrees of freedom = 125
Critical r = .174 /

When the extreme values are included, the correlation
coefficient is significant at the .05 significance level but
the relationship is very weak: when the extreme values

are eliminated the correlation is insignificant. The

‘coefficient of determination in test A states that only 10.5

percent of the change in total salinity is explained by the

e .
sodium concentration., O©One must therefore, reject. the hypothesis

‘that total salinity is related to sodium over the study period.

+

[ 2



& 61

It is predicted in hypothesis eight that a significant .« °

.negative relationship exists between sodium and catiom-

exchange capacity, such that as sodium increaées, the .t
exchange capacity decreases. ‘The data were tested in the

same three phases as were the data for hypothesis seven

(Tables XVI. XVII XVIII). Hypoﬁhesis four, co;cerning.the
change in cation-exchange capacity with dlSEE?Cq,was an indirect
test for the relationship between sodium and cation-exdhange;
The results bf this test (i.e. reé?ession analyais),confiém

the implicafions of the results of tests in hypothesis

four, that there is no significant relationship between

sodium and cation-exchange capacity. This W9§ found to be

true on a monthly basis (Table XVI) and wiﬁh"fégard to each soil
type when monthl§ daga';;;é”CSmbined. The regression

analysis and the combined-data test were run a second time

for Berrian Sandy Loam in May but showed no major change.

- In not one case, did the hypothesized relationship prove

to be significant.

The hypothesxzed relatlonship, however,~ was found to
be slgnificant at: the .05 significant level (Table: XVIII)
when all values were combined, reégardless of month, soil
type, surface or depth location, or distance. Both tests
were run, (A including extremes and B excluding extremes)‘
but the results differed only slightly. Despite the

significance of the correlation coefficients, the coefficients

of determination show that in test A, only 5.0 percent and

.

>
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TABLE XVIII

3 W
Regults Of Regression Analysis Between Sodium And
v Cation-Exchange Capacity
Regression Best Fit Line Correlation Coefficient Of:
Test Coefficient Equation - Coefficient _ Determinatiam ' .
a -0,02 y = -0.02x + 13,74  -0x223% 0.050
B -0.01  y = -0.01x + 12.83 -0.254% 0.064

*significant at the .05 significance level
Degrees of freedom = 125
Critical r = ,174
in test B, 6.4 percent of the variation in cation-exchange
capacity is explained by variation in sodium concentration.
The remaining variation is explained by other factors, most
probably the clay and organic fractions of the soil.

It must bhe conciudéd therefore that\cation-exchange
capacity is not related to the sodium retained by the soil, )

—_N

even thougl§ the correlation coefficient 1s significant when

all values are combined.

Hypothesis number nine states that each of the three

a

soil types will be significantly different at the surface
and at depth, for each of the three variables. Soil types

ave thus far been discussed 6n an individual basis.
Hypothesis nine brings together each soil type and statistically
compares them using the Wilcoxon rank-sum test for Identical
Populations. To determine significance, the smallest rank-sum
is compared to the critical value of Wn provided in tabular
form. If the observed W, is less than Wn! tharcompared

values cannot be considered o be from the same population,
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- and are therefore significantly different. The data for

each goil type are plétted (Sigures XVI to XIX) for
November, February,and May. Each variable will be discussed
separately belpw._ \ \ K

i) Total Salinity:

Figures XVI and XVII present ﬁotal salinity vélues )
both for the surface and the 0.3m depth }or each soil tfpe,
for each moé%ﬁ during the sampling period. Significant
differences-%nxgotal salinity values might be expected to
occur between Novembef and February, when most of the deicing
salt is laid down. However, the greatest variation in total
salinity occurs in May on the soil surfaces and at the
0.3m depth (Table XIX). On the surface there are significant
differences in only two instancgs: (1) between ;he Granby
Sand and the Berriaﬁ Sandy Loam in May; and (2) between
the Granby Sand and the Toledo Clay ih May. In each case
the total,salinity values are higher for the Berrian Sandy
Loam and thelToledb Claycthan fér the Granby San61

In the dépth samples (Figure XVII), it would appear.
that the Toledo Ciay values are significantly higher Sh;n

the other soil types.l The results in Table XIX gubstantiate

- this observation only between Toledo Clay and Granby-Sand.

~,

1 It must be noted here that the values for total salinity
as well as sodium and ca lon-exchange capacity are treated
as groups of values:; i.e. Toledo Clay - November as opposed
" to Toledo Clay at each distance from the road. in° November,
The data have been grouped this way to facilitate statistical
procedures otherwise impossible to perform on siggle values.

.

e

-~
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Monthly Comparison Of Total Safinity At The S\urfac;,l
By Soil Type , :

20,
: November . Surface .
Granby Sand
— _ __ Berrian Sandy Loam

| : ' —_——— Toledo Clay
By /X
— : .
o ~ - . .

Totel Salinity (ppm)

Distance (meters)

Figure XVI
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Monthly Comparison Of Total Salinity At The 0.3 Meter Depth,

By Soil Type
201
November - Depth {0.3m)
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——-—— Berrian Sandy Loam
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Figure XVII
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The clay,values are significantly higher than the Gnanby

Sand (sandy loam) wvalues in November, February, and May.

At .no point does the Berrian Sandy Loam differ significantly.
from the other tﬁo solls at the 0.3m depth. .

A possible explanatien for the results can be offered in
terms of percolation efficiency. More efficient percolation
and resultant leaching probably occurred in the sandy loam ’
soll (designated Granby Sand), than in the Toledo Clay, which
tended to absorb more of .the incomming brine solution, particularly
{n February and May. It can only be suggested that the
percolation efficiency in the Berrian Sandy Loam soil‘may
have been i*sufficient to‘produce total salinity values
comparable to the other sites.

Each soil type was compared six times (one comparison
for each month for surfece.and depth data). 1In the‘
eQmparisons between Granby .Sand and Berrian Sandy Loam, a -
significant difference in total ealinity Qelues occurred
only once. One must therefore reject the hypothesie that
these two soil typee differ ‘significantly. Granby Sand
and Toledo Clay were compared with'sigﬁificaqt differences
occurring in four out of six cases. According to the Binomial
Freéuency test (Bradley, 1968), all cases muaf be significant
to prove an owverall significance’et the .05 significance leval
when six cases are.abailable. In the case of Granby Sand
and Toledo Clay, one must refect the hypothesis that the soil
types differ significantly with respect to total salinity, as

only four cases are significant.
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TABLE XIX , <

Results Of Wilcokxon Rank-Sum Test For Comparison Of
urface And Dot mom———um_lest For Comparison Of

Surface And Depth Between

Month.
November
February

. May

November

February

May

Significant at the .0
Significant if Wn & Wy' =

Solls Compared

Surface

Granby Sand-Berrian Sandy
Granby Sand-Toledo Clay

Berrian Sandy Loam-Toledo

Granby Sand-Berrian Sandy
Granby Sand-Toledo Clay
Berrian Sangdy Loam-Toledo

Granby Sand-Berrian Sandy
Granby Sand-Toledo Clay
Berrian Sandy Loam-Toledo

Depth

Granby Sand-Berrian Sandy
Granby Sand-Toledo Clay
Berrian Sandy Loam-Toledo

Granby Sand-Berrian Sandy

Granby Sand-Toledo Clay
Berrian Sandy Loam-Toledo

Granby sand-Berrian Sandy”

Granby Sand-Toledo Clay

Berrian Sandy Loam - Toledo Clay

39.

Loam
Clay
Loam

Clay

Loam

Clay

Loam '

Clay
Loam

Clay

Loam

5-significance level.

Soil Types For Total Salinity

Smallest

Rank-Sum (W.) Significant

46.5 No
48.0 No
44.5 No
48.5  No
43.5 No
51.5 ‘ No
-38.0 Yes
36,0 Yeg
48.5 No
44.5 o No
33.0 ' Yes
48,0 No
50.0 No
32.5 Yes
39.5 No
45,0 . No
31.0- Yes

41.5 ’ . No
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Berrian Sandy.Loam and Toledo Clay were similarly compared
a total of six times, but no significant differences could
be identified. One must iherefore reject the hypothesis
that the thfee soil types éiffer significaﬁtly with ;espect
td total salinity over the sampling period It is suggested that
the lack of significant differences in total salinity between
soil types could be attributed to the effects of percolation.‘
It is conceivable that percolation was consistent in éach
soil type, thereby producing similar results in regpect to
the amount of sodiﬁm available to affect the total salinity

-

values.

ii) Sodium: _

Figures XVIII and XIX represent the sodium data for
each soil type per mqnth for surface and depth samples.
Visuél examination suggests that in numerous cases, significant
differences in sodium concentration do occur. However, the |
results generated from the Wilcoxon rank-sum test (Table XX),
show that only three out of eighteen comparisons are signifiéant.
These are: (1) Granby Sand and Berrian Sandy Loam in November
at the surface; (2) Granby Sand and Toledo Clay in November
at the surface; and (3) Granby Sand and Toledo Clay in May
qF 0.3m depth. In each of ’;;\yhree comparisons, the Granby
_Sand samples are significiptly lower than the other types to which
they are compared.

The only reasonable explanation of the absence of

l significant differences between soil types, is that the amoﬁnt
of sodium retained by the different soils may not be

3
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Sodium Concentrations At The Surface,

Soil Type
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'Figure XVIII
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Montl;ly Comparisons Of Sodium Concentrations
At The 0.3 Meter Depth, By Soil Type

" 60, ‘
November ..Depth (0.3m) .
: ’ ’ Granby Sand
\ —=——— Berrian Sandy Loam
40, N e Toledo Clay

A
\ February . Depth [0.3m)

.

o
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X
2

Scdium Concentration (ppm)

o

o
e.

_2" Moy - Depth [0.3m) -

03 ‘1's 30 60 - ~ 120

Distance {meters)

Figure XIX
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TABLE XX ;
Results Of Wilcoxon Rank-Sum Test For Compafisbn of
Surface And Depth Between Soil Types For Sodium
| | ‘ smallest -
Month ) Soils Compared ' Rank-Sum (Wh) Sigﬁ}ficant

- o i Surface '
November Granby Sénd—Berrian Sandy Loam - 38,0 Yesg
: - Granby Sand-Toledo Clay . . 34.5 : Yes
Berrian Sandy Loam-Toledo Clay 52.0 No
February Granby Sand-Berrian Sandy Loam 47.5 No
: '~ Granby sand-Toledo Clay 50.0 . No
Berrian Sandy Loam-Toledo Clay - 49.0 No
May ‘ Granby Sand-Berrian Sandy Loam 44.0 No
Granby Sand-Toledo Clay ' ) 47.0 Ro
Berrian Sandy Loam-Toledo Clay 46.5 No

Depth

November Granby Sand-Berrian Sandy Loam 46,0 No
Granby Sand-Toledo Clay 48.5 No
Berrian Sandy Loam-Toledo Clay 50.5 No
— February Granby Sand-Berrian Sandy Loam . '50.5° No
~ Granby Sand-Toledo Clay 48.5 No
Berrian Sandy Loam-Toledo Clay 48.0 No
May Granby Séndeerrian Sandy Loam -47.0 No
Granby ‘Sand-Toledo Clay 33.5 Yes
Berrian Sandy Loam-Toledo Clay 44.0 No

Significant at the .05 éignificance lgvel.
Significant if W, ¢ W,' = 39. ' ' :

B .



74

\7ﬁ sufficient to produce significant differences even though
it may have-peen sufficient to change the total salinity
v
vﬁﬁues in a number of cases. -Nevertheless, hypothesis

number nine muat be rejected.

iii) cCation-Exchange Capacity:

According to genergl thIory cation-exchange capacity
is influenced primarily by the clay and organic colloids
in the soil. It is expected therefore that catiog—exchange
values would differ significantly between soil types. It
has already been shown that (a) the exchange values do not
change significantly over time for any one soil type and |
{b) thaf—dhanges in sodium were not strongly related to

changes in cation-exchange capacity. The results of the

Wilcoxon rank-sum test are given in Table XXI. As was

B\

expected, 15 out of 18 comparisons provided significant
differences; the clays in almost every case having higher
exchange values than the other soils. The iégnificant
difference was found between the Granby Sané samples and
the Berrian Sandy Loam samples in three cases out of six;
which is ﬁot however unexpected since the Granby Sand is
actually a sandy loam. _

‘In conclusion, hypothesis numbér nine can bg accepted

b

with regard to the cation-exchange capacity values.

& ) )
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TABLE XXI

Results Of Wilcoxon Rank-Sum Test For Comparison Of

Surface And Depth Between Soil Types For Cation-Exchange Capacity

Month Soils Compared
' Surface

* November Granby Sand-Berrian Sandy Loam
Granby Sand-Toledo Clay
Berrian Sandy Loam-Toledo Clay

February Granby Sand-Berrian Sandy Loam
Granby Sand-Toledo Clay
Berrian gandy Loam-Toledc Clay

May Granby Sand-Berrian Sandy Loam
Granby Sand-Toledo Clay
Berrian Sandy Loam-Toledo Clay

Depth

November Granby Sand-Be:rian‘Sandy Loam
Granby Sand-Toledo Clay
Berrian Sandy Loam-Toledo Clay

February Granby Sand-Berrian éandy‘Loam
Granby Sand-Toledo Clay
Berrian Sa?dy Loam-Toledo Clay

May . Granby Sand-Berrian Sandy Loam
Granby Sand-Toledo Clay
Berrian Sandy Loam-Toledo Clay

Significant at the .05 significance level.
Significant if W, £W,' = 39.

e - ST

Smallesgt ‘
Rank-Sum (W,) Significant
50.0 No -
46.0 No
37.0 Yes
31.0 Yes
29.0 Yes
-34.0 Yes
28.0 Yes
28.0 Yes
28.0 Yes
,49.0 No .
"28.0 Yes
28.0 Yes
-42.0 No
38.0 Yes
28.0 Yes

Ve

47.0 No
28.0 Yes '
28.0 Yes
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CHAPTER SEVEN

SOIL COLUMN ANALYSIS

The purpose of the soil column experiment was to
establish a controlled situation where changes in total
sa;lnlty, sodium cnncentration, and cation-exchange capac1ty
could be studied using known concentrations of sodium chloride.
The soil colqmn'experiment is representative of those changes
occurring. in these paraﬁeters at the 1.5m distance from the }
shoulder of the highway.-

The column consisted of a watefproofed wooden hox,
divided into four compartments or columns, each sealed from
thgfother (Figure xX). Hoies were bored through one side
of each column, at specific depths, through which samples
were extracted., Samples were taken at the surface, 10.2cm,
20.4cm, and at the bottom of the column, after the screen
was removed. During the experiment the column was wedged
into' a galvanized oteel bucket to collect the filtrate.

The Granby -Sand samples were choéeL at random for the

column experiment. The November surface and depth samples

_were mixed thoroughly, producing a homogenous soil fchroughout

the column. Measurements of total salinity (5.4ppmb sodium
content. (16ppm), and cation-exchanoe capacity (7.6 me/100g)
were taken on the non-treated soil. Three concentrations

of sodium chloride were filtered, each through its own column.

Y
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Soil Column Construction
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The relevant computations for the sglt solutions are given
in Appendix IV. Full concentration was based on the total
amount of salt pu£ down during the study period. Measurements
of total salinity, sodium, and cation-exchange were then
taken of the samples from each column (Table IV), using
the standard methods previously outlined. “

The L-test was used to determine whether a significaﬁt
increase occurred in total salinity and sodium content as .
a result of treatments by sodium chloride. A visual examination
of the cufves (Figure XXI) would indicate that both variablés
in;Peased significantly after treatment. The L-statisgtic
for total salinity was calculated to be 117.5 and the L°
value at the .05 sﬂgnlflcance level is 111. Be%?use
L-observed is greater than L-critical, it is accepted that
total salinity values changed significantly at each depth,
with each succeeding treatment of sodium chloride. The
L-statistic for sodium is 120 which exceeds the L-critical
value ofwlll. Again the rémults show that, that amouht of
sodium retained by the soil, changed significantly with each
succeeding treatment of sodium chloride, |

- The same test was applied to the éation—exchaﬁge
capacity data to show a sdgn;ficant decrease with treatment
of sodium chlofide. The L-statistic was calculated to
be 82 which is-lower than the L-crit;caiﬁvaigz of 111.

Therefore cation-exchange capacity:did not dekrease

.ﬁignificantly with successive treatments of sodium dhioride.
3
L ¥

- .
U el L O Y- SR
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' Sdil Column Treatment Results Of Sodium Chloride On
Total Salinity, Sodium Content And Cation Exchange Capacity

ot
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Regression analysis was used to determine whether the

 hypothesized relationships between sodium and total salinity,

and sodium and cation-exchange capacity are evident under
controlled situat;bns. The curves generated from the
laboratory data (Figur? XXx1), seem to indicate a aignificant
coerrelation for both hypothesized treﬁds. The correlation
coefficient for sodium against total salinity is 0. 818

and is slgnifiCant at the .05 significance level, where
r-critical = 0. 576 with 10 degrees of freedom. The
regression coeffigient is 0.15 and 67.2 percent of the
variation in total salinity is explained by the variation in
sodium. These results are not radically different from N
those compuged on a monthly basis (Table XIII) for the -;pk;
sandy loam s;ils. One may conclude therefore th%t the
hypothesized relatlonshlp between sodium and total salinity
1s‘confirmed in the column experiment by a moderately high
correlation and coefficient of.determination.

The correlation bgtween sodium and chtion-exchange
capacity was found to be moderate at 0.679 with only 46 2
percent of the variation in cation-exchange explained by
the variation in sodium. The slope, 0.03 compares
favourably to the slope of the regre351on linea for the
sandy loam soils%.:hen analyzed on a combined—mnnthly basgis.

Althouéh the correlation is significant at the .05 significance

level 53.8 percent of the variatioﬁ'in cation-exchange

'capacity is left uhexplained. It ig probable thét the clay

&
X
Y
¥ -

~
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—

and organic matter contents of the soil make up the bulk
éf»the unexplained variation., Both the correlation ard the
coefficient of determination are much higher than in the
field data analysis, which would indicaté that even though
the relationship is moderate, further éetailed study undér

controlled conditions would provide more substantial information

"as to the hypothesized relationships. (

It is 1mpo§s_1b1e to determine significant changes in
total salinity from the suffaqg to the Q.3m depth, comparing
one value against another with each added concentration.

The only test available is the Run's test at the 0.1 .
significance levei. but this significance 1evé1 is inconsistent
with the other tests perfo?med previously in this study.

A qualitative ;nalysis would indicate that total saliniﬁy
values are consistently higher at the surface for each added
concentration (Figure XXI). Decreases tendvto occur - between
the surface and the 20.4cm depth. It is suspected that this

is because of uneven compaction within the soil column.

This would e#plain the higher values at the bottqm of the
column, where compaction against the screeﬂ is high, thereby-

increasing the residency period of the‘salt solution.

These curves compare favourably with the statements of

Prior and Berthouex (1967) and Zelazny and Blaser (1970)

that higher values of salinity and sodium are always found

at the surface.

A similar trend is evident in the ghange‘ih sodium values
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(Figure XXI), only with greater consistency. Sodium

concentrations retained by the soil decreas%qunsistently

to the 20.4cm .depth and then increases towara thelﬁottom of
thé column. Again, high compaction ié{bited the probable
cause for this increase.

In summary, total salinity and sodium concentrations
at each‘sémpled dépyh in.the soil éolumns were found to increase
significantly with the addition of sodium chloride solutions.
For both variables values were higher at the surface and
decreased to the 20.4cm depth, where, because of high soil
compaction, they tended to increase as a result of inefficient
percolation. The results of the regression analysis showed

a moderate correlation between sodium and total salinity,
significant at the .05 significance level. -

The correlatioﬁ'hetween cation-exchange capacity and
sodium content was fpund to be significant, but the amoﬁnt
of unexplained variations tends to i&wer the‘reliability

4 ]
of the correlation value. It wasconcluded that even though

the correlation was found to be significant, much further
analysis is ﬁecessary to confirm the hypothesized trend

particularly since 53.8 percent of the variation in

cation-exchange is left unexplained. @
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CHAPTER EIGHT

™

CONCLUSIONS

It was the primary aim of this research to study the

impact of deicing salt, namely sodium-chloride (NaCl),’

on the soil adjacent to Highway 18, in Essex County.

"Three soil types; Granby Sand, Berrian Sandy Loam and

Toledo Clay were studied to determine if they reacted in -

different ways to the addition of sodium chloride. .

\\\; Changes in tétal salinity, sodium cgncentration, and
C‘}ﬁbn—exchange capacity were studied over time, over
distance from the ‘highway, and over depth in thg soil.

These variables were also used' o provide a comparison of

the soil types both at the surface and at the 0.3m depth.

It was found that the three varlbbles d1d not differ 51gn1f1cantly

] .-
in any of the soil types between the months of November,

February and May. It is suggested that the Expected differences

were not achieved because of the effects of ﬁercolation

‘during the February and spring thaws. It is also.possible

that percolation through ffozen soil was achieved by the
brine selution, thereby removing the scdium ions necessary
to increase total salinity and sodium cnncenﬁration,,and
to decrease the exchange capacity values.

Percolation is also cited as a plausible explanation

for the general absence of sighificant dlfferences between

83
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the surface and depth samples of each soil type.
It was also hypothesized that total salinity would
decrease with distanee from the highway. Results of

regression analysis and run's tests, however have shown

that there was no significant relationship. Had the samples

béen taken in conditions other than thaw, the problem of

-

percolation may hbve been avoided, possibly permittlng a
significant trend to be 1dent1f1ed The hypothesis that
catlon~exchange capacity would 1ncrease with dlstance was
also rejected_citing percolation as a plaustble_explanatioh.
.A‘sighiéicant relatiohshipiwas found betweeh“sodium and
distance. It is evident that the amount of sodium retdined °
by_the.soil: although not sufficient to'cohsistently"change

. <o
3linity content, was high enough to chanye the

sodium content articularly in thé‘gaﬁdﬁ loam soils.
‘ It was predlc ed that the increase 1n sodium retalned
by the soil would be p051tively related to 1ncreases in
total salinity. This hypothesis was acqepted when regression
anaEYSls was performed on the data on a monthly and a combined-
monthly basis‘for each soil type. Tﬁe relationship was féund

{

to be particulafly strong in the sandy loam soils. However,

when all the data were comblned regardless of soil type,

‘distance, surface or depth, and month, the correlatlon was _

foundpto be signlflcant when extreme values~were 1ncluded
and not signlflcant when they were .excluded. It is concluded .

therefore, that total sallnlty and sodxﬁm are posltively W

related on a monthly basis» ‘but not over the study” perlod

.’ LV PRI . T el
¢
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in general. ’ . .

Cation-exchange capaéity wés.expected to decrease as
soaium.content'incréaseg. .This hypothesis was rejectéd on
a monthly and a combined-monthly basis for each soil type.-
When all dﬁta were combined the regresgsion analys%s showed
a éignificant riegative lation§hip having:a very weakk

N

co;relation; The hypothesis, however, had to be rejected

as the cqéfficient of\ determination showed only 5.0 percent

(extremes ‘included). an .4 percent (extremes excluded) of

the variation'in cation-exchange explained by the variation.

in sodium content.
. ‘ ;.
The correlations between sodium and-total salinity,

and sodium and cation-exchahge capacity were lower than

‘expected. This.is probably due to the validity of the

sodium data, resulting from different sample\Freparation
procedures.'"Samples sent to the contract laboratory for

sodium.content analysis were sieved using an 80 mesh screen;
- . .. ' - ] .

% a~ -

- whereas the preparation of samples for the other laboratory

tests did not include sieving. The sodium tests, were then

' 7
- performed using a sample with surface area greater than the

s

original Qnsieved sample, therefore’ producing values higher
than normally expected. Because of this difference in

laboratory preparation, the validity of the regression and

. correlation is somewhat weakened. o®

~— « The soil types were found to react in similar ways to

\

.
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the addition of deicing salts. Total salinity and sodium

'y

qoncentfations-did not diffef significantly qh a‘mohﬁhly

-/ basis,-between-each soi£ type.: CatiQn;exqﬁange éébécity

| did differ-éignificantly between soil types'duq prim?riiy
to différences in clay and 6rganic_matter contéﬁt,‘gather

than because oflthe additional sodium ‘chloride. B

B ) s .
Both total salinity and sodium concentrations were -

found to increase significantiy. as a result of treatment

L]
vy

by sodium,dﬁibride in the co;umn experiment. Cation-exchahge
capacity however was'nof#found to decrease significantly
under the same treatment conditions. -

-

. Regression analysis performed on the soil coldmn daté.
‘genérated a éignifiéant positivé‘correlation.between saodium
and total salinity'values. Cation—exdhange capacitg was
» . also found to be negatively correlated to sodium'coptént.
It is qﬁggested however, thhﬁ‘furtheF de;ai;éd_anéiysis be
_condﬁcﬁéd concern;ng the,negative gPrrelation betweé;'sodium
and caggonﬁexchange'capaciéy as only 46.1 percent of the
e -variation in cation-exchange is explainéd by the variation
. in sodium. _° L A T
There, are a numbgr of factors which may be cited as
having possibly:influenced the reéults of this research. One
éuch factof already mentioﬁed is the sample preparaéion
procedure used by the contract laboratory which, as a reéult,
prodﬁced higher sodium values than éxpected thereby réducing

the validity of any regression analysis in whiéh the sodium

" values were involved.
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' A.;econd faétér, which could signifidgntly chanée the
results of the research, isg the length- of the study periecd.
This research was concerned with ébeéific chénges in Fhe soilt
due to the addition of sodium éhlériée for a very short period -
of time, that is, froT Jjyst before the winter to just after the
spring thaﬁ. A more éomplete synthesis of the soil conditions
migﬁt have been rgndered had the .sampling period been extended'
to include an enti;é yeaé. Had this been possible, it is .
conceivable Ehat upward caplllary action cquld bring salt that’

was applled in the winter months up to the surface s0il in

the summer months. Thé’effect of percolation could -also be

studidd in more detail with the ;bsence-of frozen soil
conditions. o ‘

The results of the statistical analysis showed no signif;
icant diffefehcé'betwgeﬁ soil types with respect to total
salinity and sodium concentration. . It is possible that these
values did not differ according to soil type because of the
use of fill in road construction, which would change the
original deslgnation of the soil types -involved. Granby Sénd
for example, was shown to be a sandy loam soil rather thJ; )
a sandy soil due possibly to the use of f£fill. The existence of
£ill may have affected {he values in both surface and depth-
samples to an undete;miﬁed distancé from the. highway.

A fourth factor which may have affected the ﬁarigbles
studied is the presence of other chemicals in the roadside soil

received from other sources sources such as exhaust em&gsions

from automobiles or even atmospheric fallout £rom local industries.
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It is possible that other chemicals set up reactions
in the soil, producing results in those variables measured
which may not be representative of the actual changes due '

éolely to the addition of sodium chloride. It is not within

* s

the scope of this.research to determine the existence o%
these reactions but thei? poésibili?? must bé'gitedC?§; '
basis for a potential source of error. o
In conciusion, the detrimental impact Ef deicing salts -
on the three roadside soils‘under study was not as severe
a§ expected, The'variables.studied were not appreciably
changed, nor did the soil types react differently to the salt..
It seems evident that the soil'sﬁstem was ablé to maintain i£s~
salinity balance by percoiétion during the study period.
It must be emphasized, however, that this regearch relates
only to short-term effects and cannct be considéred capable
of long-term predictions. . ] S
Having’completed this preliminary investigaticn, the
author wishes to recommend areas of future research into’

the effeéts of deicing salts on roadside soils. The study

of the effects of deicing salts to determiné whether changes

, are occurring over a longer period of time, is the basis for

further research. It is also recommended that a detailed stugdy

" be conducted to examing the movement of brine solutions through

frozen éoils and that laboratory simulation play a more important

role in deicing salt research. In the laboratory 'situation,
.

. .
factors, uncontrollable in nature, such as percolation, slope,

compaction, and salt additions, can be cqntfalled in an effort to

a—
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determine the maximum allowable concentrations that can be

applied, before ﬁoﬁicity levels can develop.



APPENDIX I

-

The Bouyoucos Hvdrqmeter Method

1. Weigh 50 grams of soil into 'a beaker.

1
-

2. Pour soil into a dispersing cup. Fill the cup
with distilled water to 1% inch from the top.

3. Add 10 ce. of 1 Normal sodium hexametaphosphate (calgon).
If the soil is highly calcareous use sodium carbonate.

4. If the soils are dry, let soak for 15 minutes before
dispersing. Place dispersing cup on the mixer for 5
minutes for sandy soils and 10 minutes for other soils.

5. Rpur'and wash conteﬁts from cup into 1000 ml. soil
cylinder and £ill to 1 litre with distilled water.

6. Place stopper over end of cylinder and shake contents
' vigourously, turning cylinder upside down and back
. several times.

7. Place on table and note the time. Place the hydrometer
in gently and record the reading at the end of 40

seconds.
8. Remove the hydrometer. Record the temperature. Repeat
steps 6 to 8 sevVeral times to obtain more accuracy.

9. At the end of 2 hours, take another reading and record
the temperature. ’ :

The hydrometer is-calibrated at temperatures 67 - 68°F.
Therefore a correction of 0.2 graduation on the hydrometer
reading is made for every 1°F above or below the given
temperature, but subtracted for temperatures below the given
range. .

- First reading corrected
50 grams

X 100 = % of material still in
suspension at the end
of 40 sec. (silt and
clay)

This percentage is subtracted from 100; the result is the

percent of material settled in 40 sec. or the approximate

percent of sand.

90
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Corrected reading at 2 hrs.

50 g. (soil sample wt.) X 100 = % of clay (approximate)

The percent of silt is obtained by subrtactlng the sum of
percent sand and clay from .100.

. . L
After the percentage of sand, silt, and clay is determined,

the texture of the soil {class name) is obtained from the
texture triangle.

Source: B. Sabey, (1967), pp.. 17-22.




APPENDIX II

Total Salinity By Electrical Conductivity And Instrument
! Specifications

*l. Mix soil:water to a specific ratio.
- soll:water ratio was 1:10 as results for chloride
.8alts are only slightly effected by moisture content.
- .vaccuum equipment was not available for Yower ratio.

2. Mix soil:water ratio and filter by gravity.

3. Take conductivity reading on- filtrate (mmhos/cmz)._

4. Correct for temperature (-3.5 percent).

5. Convert conductivity to total salts concentration {ppm)
using nomogram and multiply according to soil:water ratio
to get ppm soil.

The principle of the conductivity meter is that of an ohmmeter.
In fact the conductivity of the conductivity cell is read directly
from the indicating meter, and the specific conductivity of the

- test liquid at the specified temperature is had by correcting

the conductivity read with a small correction percentage which
is engraved in the socket of the conductivity cell.

The type CIM2 conductivity meter has direct. reading and because
of this it .operates considerably faster pyan a bridge type
“instrument which uses headphones or a magic eye as zero indicator.
In most cases the higher accuracy which in theory can be had

with a precision bridge is unimportant in practice, because

. the precision bridge requires an exact temperature control

(because the electrolytes have a temperature coefficient of

approximately 2 percent per ©cC). v
Specifications:
Measuring ranges: 6 - 1.5-5~15- 50 - 150 - 500 s
g 0 -1.5-5-15 - 50 - 150 - 500 mS
Cell constant: about 1.
Measuring accuracy: 1 percent-bf full-scale deflection on the

ranges from 0-50
S to 0-150 mS. On the other ranges it is
2 percent.

.

Test veoltage: about 0.25 volt.

92
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Total Salinity Concentration B); Electrical Conductivity
' Using Sodium Chloride As The Control

., 1000, s

10.0

=)
L

Total Salt Concentration (ppmj)

0.1

a - o 1.0 10.0
Conductivity At 25 C (mmhos/cm) '

N
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Measuring frequency: 3000 cps at conductivities above
150 S, and 70 cps at lower conductivities.
, Recorder;ogﬁput} 0.2 mA £.s.d. Recorder resistance 5 .
Power supply: 110 - 127 - 150 - 200 - 240 volkes,
30 - 60 cycles. Consumption about
15 watts. \
Tubes: © 2 type ECCB1 or 12aT7. -

Source: Operating Instructions for the CDMZe Conductivity Meter,
L p- 0-1. ’
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) APPENDIX III

Determinatién Of Cation-Exchange

Place a 5-gram soil sample into a 250-ml. Erlenmeyer
flask. ,

Add 25ml. of 1.ON ammonium acetate. Mix ané let stand
for 30 minutes with an occasional swirling.

{.
Filter the contents of the flask. Transfer as much '
of the soil as possible to the filter paper.

Add a second 25ml. ammonium acetate-to the flask. Mix .
and let stand for 10 to 15 minutes before filtering.

Wash the sides of the—flask with a small portion of

70 percent mgtRyl alcohol. . Transfer this solution and as
much of the boil as possible to.the filter paper.
Contihue until all the soil has been transferred to the
filter“paper. ' .

Wash the soil on the filter paper with successive
portions of 70 percent methyl alcohol until the filtrate is .

‘free of NHq (ammonium ions). Nessler's solution will

turn from brown to a light vellow when the ammonium ions
are absent. -

Transfer the soil and filter paper to a 500 ml. Kjeldahl
flask. Add a spoonful of magnesium oxide and 150 ml. of
water. ' '

- -
Measure exactly 25 ml/of 0.1N HC1 from a burette into a
250 ml. Erlenmeyer flask. Add 4 drops of methyl red
indicator to the flask and place under the receiver of
the distillation apparatus. L .

L]

Connect the Kjelkahl flask to the still, light the flame
and distill over approximately 125ml. of solution.

Titrate the exceéss acid in the Erlenmeyer flask usiﬁg
0. 1N NaOH. . .

Calculate the cation exchange capacity in me/100g of
s0il. The following formula 1s used: -

00q = Me acid - me base  x 100
me/100g weight of sample

95
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ml. acid x N acid
ml. base x N base
.100 grams of soil

where me acid
me base
100

Source: D.A. Russel, (1958), pp.2-6.



APPENDIX IV

"
S0il Column Procedure And Calculations

l. Mix soil thoroughly to get a homogeneous sample.

2. Take desired measurements on non-treated sample,
i.e. -« Total Salinity (ppm)
.~ Sodium Concentration (ppm)
- Cation-Exchange Capacity (me/100g)

3. 'Put soil into columns while adding distilled water )
and shaking the column to resemble approximate field
conditions,

4. Pour into columns, solutions having known' concentrations.

5. After solutions have passed through columns, take samples
at specific depths by boring through the gides of each
coelumn where previously cut holes are provided (Figure 2).

6. Perform variety of laboratory procedures on samples as

desired, making sure each sample is properly labelled.
4 : :

Calculations:
1. Calculation of total salt for winter of 1975/76.

- According to the verbal communication with Ministry
of Transport ‘and Communication (Chatham) the Operation
Policy of snow control is identical to that of the

- City of Windsor.- - /.-—-
" Level-of-service for major traffic routes. * ‘
(Class 1 streets) _ §

0" - 2" salting only
©, 2" - 4" ploughing and salting
4" - 6" ploughing and removal

/s . . - . .
- For number of saltings (one pass by salting vehicle)
per .snowfall according to University of Windsor
Weather Station Precipitation data '
0" - 2" snow = 1 salting._
2" - 4" snow = 2 saltings if over 3"
4" - 6" sgnow 3 saltings if over 5"

_Number of saltings: November = 4, December = 14,
Janﬁary = 13, February = 8, March = 3, April = 2,
Total number of saltings = 45. .

9
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- Policy states that a ‘maximum of 451 lb. /mi is distributed
per salting-

Therefore, the total salt for Winter 1975/76 ' TS
= 453\x 45 = 20,295 1b./mi. \

_'salt/foot for Winter 1975/76 ='3.84 1b. or 96.09 g/0.3m.

Calculation of solution concentration for 5.0 foot distance
from the road. X
- based on area under February-surfacé curve for
sodium concentration (Figure ). -
- area determined by square counting method. )
- determined that 5.0' distance (4.5' - 5.5') contained
4.48 percent of total sodium.
Therefore, if 4,48% of total salt added stays at the
5.0' distance then; EE\ 0
full concentration = 4.48% of 96.09 g (Total salt/ft.)
4.30 g NaCl in the total precipitation
for Winter of 1975/76 ,

o1

Total precipitatlon (rain and snow) =.18.18 inches
, or 46.18 cm.

.
Volume of precipitatlon/soil column = {(area of column
. - surface) (depth of precipitation)
= 2696.14 ml
NB. 2700 ml used in solution mixtures. n

Therefore, doncentration are,
Column #1 = % concentration = 2.15g NaCl in 2700ml
distllled water.

Column #2

= full concentration = 4.30g NaCl in 2700ml
| distilled water.
Column 33 = double concentration ='8,60g NaCl in 2700ml

dlstilled water.
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. APPENDIX V

P
Results of Total Number of Runs Up And Do
For Total Salinity Over Distance \
ﬂ .
November  February May
Sample #r P 3#r P #r P
. £ !

Granby Sand ® . '

- surface - 2 « 2500 2 « 2500 2 . 2500

- depth 3 «7333 2 « 2500 2 « 2500
Berrian Sandy Loam ‘

~ surface .. 2. «7333 3 .7333 3 «7333

3

- depth . i 3 .7333 .7333°  1* _,0167*
Toledo Clay ) _
- surface . 4 1.0000 3 .7333 2 2500

- depth | 4--1.0000 3 .7333 2_;\13590

Level of Significance = .05
*Significant if P < .05

#r = number of runs

P = Probability

7

Regults of Total Number of Runs Up And Down
For Sodium Concentrations Over Distance

-

November February May

Sanmple #r P H#r. P #r P
Granby Sand : : i

- surface 4 . 1000 1*  ,0167* 3 .7333

- depth 3 .7333 1* ,0167* 2 ,2500
Berrian Sandy Loam '

" - surface 2 « 2500 3 .7333 3 7333

- depth 2 « 2500 3 .7333 1*' _0167*
Toledo Clay N ~ . ‘

- surface 2 .2500.- 3 .7333 2. .2500

- depth 3 7333 3 -7333 3 «7333

Level of Significance = .05
*significant if P ¢ .05

#r = number of runs, P = Probability

- W
,

A



Results of Total Number of Runs Up And Down
For Cation-Exchange Capacity Values Over Distance

November
Sample $#r P
Granby band
- gurface 3 «7333
~ depth 3~ #7333
Berrian Sandy Loam
- surface 3 «7333
- - depth 2  .2500
Toledo Clay ‘
' - surface 4 . 1000
- depth 27 .2500

Level oﬁ Significance = .05
*significant if P ¢ .05

#r = pumber of runs

P = Probability

February May

H#r P #r P
3 .7333 2 - 2500
1*  ,0167% 4 .1000
2 . 2500 3 . 1333
4 . 1000 3 . 7333
4 .1000 i*  ,0167*

.7333 3 .7333
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