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ABSTRACT 

The Effect of Highway Deicing Salt 

on Chloride Budgets 

at Lake George, New York 

by George S. Lipka and Donald B. Aulenbach 

A study was undertaken at Lake George, New York in order to assess 

the impact of highway deicing salt on the water quality in the streams 

and the Lake. Chloride budgets were calculated for three stream 

basins, including one affected by highway salt and land disposal of 

sewage effluent, one affected by highway salt, and one remote basin. 

An estimate of the chloride,budget for Lake George was also made. 

Yearly chloride budgets were found to be dramatically influ~nced by 

highway deicing salt, although no serious adverse'water quality 

impacts were found. However, the potential for significant groundwater 

infiltration of chlorides, and the potential for atmospheric dispersion 

of identifiable quantities of deicing chlorides, were noted. 
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INTRODUCTION 

A study was undertaken at Lake George, New York in order to assess 

the impact of highway deicing salt on the chloride budgets of three stream 

basins tributary to the lake and to evaluate the potential impact of deicing 

salt upon the Lake George basin. Lake George (Figure 1) is a recreational 

fresh water lake located in the Adirondack State Park approximately 200 miles 

(2l0 kID.) north of New York City. 

Previous studies in the northeastern United States have shown localized 

adverse water quality effects due to the increasing usage of highway deicing 

salts, primarily sodium chloride. Pollock and Toler (1973) reported signifi-

cant increases in chloride concentrations in town wells in eastern Massachusetts 

near highways and areas of open storage of salt. Diment, et. al. (1973) - -
found incomplete spring and delayed fall overturn in Irondequoit Bay (of Lake 

Ontario) near Rochester, New York, apparently due to the density gradient 

imposed by high concentrations of dissolved solids in the deeper layers of the 

bay. The dissolved solids were largely attributed to deicing salts used in 

the basin. Also, salt budget calculations indicated that salt may be accumu-

lating in the local groundwater. Kunkle's (1972) work in the Sleepers River 

basin in Vermont suggested that the basin salt budget was approximately in 

balance, and that the highest stream delivery rates were in the spring (during 

the highest flow), but that the highest concentrations were in the fall (during 

the lowest flow). 

Potential adverse water quality effects of deicing salt usage include 

unsavory concentrations of chloride in eXcess of the Public Health Service 
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drinking water standard of 250 mg/l (U.S. Public Health Service, 1962), and 

harmful concentrations of sodil1ID to heart and kidney patients of 22 mg/l 

(Hanes, et. ~., 1970). Another biological effect noted is the decline and 

death of roadside maple trees in New England. 

Potentially dangerous levels of cyanide may also exist in roadside 

runoff due to the use of sodium ferrocyanide as a decaking agent. Assuming 

a typical fraction of sodium ferrocyanide in deicing salt, highway runoff 

would require a concentration of 500 mg/l of chloride to have an associated 

potentially toxic cyanide concentration to fish of 0.2 mg/l (Hanes, et. ~., 

1972). 

The interest in studying the impact of deicing chlorides at Lake 

George arose from a desire to add to the developing data base on the lake, 

and to investigate the environmental fate of highway deicing salt. 

Lake George is underlain by igneous rock and is characterized by 

small, well defined drainage basins. The soil is characterized by well 

drained glacial till with numerous granitic outcrops and large boulders. 

Slopes vary from gentle to steep, and are forested by maple, beech, yellow 

birch, white pine, and hemlock.-, Storm runoff is normally tumultuous. 

The three stream. basins chosen for study (Figure 1) include two 

basins at the southern end of Lake George adjacent to Lake George Village, 

and one remote basin on the east shore. The three basins studied are 

approximately the same size but have varying lengths of highways within the 

basins and significantly different popUlations. The three basins studied 

are compared in Table I along with similar values for the entire Lake George. 

Within each basin was a stream flow gage and a precipitation gage. The 

location of the stream flow recorder was close to the mouth of the stream 

and the total area tributary to the recorder is also shown in Table 1. 
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TABLE 1 

COMPARISON OF BASINS STUDIED AND LAKE GEORGE 

West English Shelving Rock 
Brook Brook Brook Lake George 

Area 

mi 2 7.S 6.9 6.S 234 

km2 20 18 IS 606 

Major Hiways None 

Rt 9 
mi 1 2 4 
km 1.6 3.2 6.4 

I-S7 
mi 1 2 4 
km 1.6 3.2 6.4 

9N 
mi 2 0.2 40 
km 3.2 0.32 64 

Septic Tank 
Population 

Summer 2,500 2,50'0 Negligible 16,369* 

Winter 500 500 None 2,645* 

Gaged Area 
.2 7.S 6.6 6.3 234 m1 

km2 20 17 16 606 

* Au1enbach & C1esceri, 1973 
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The West Brook basin lies directly southwest of Lake George Village, 

and contains a 1 mi. (1.6 km) stretch of U.S. Route 9 and of Interstate 87 

(Adirondack Northway), and a 2 mi. (3.2 km) section of N.Y. 9N. This 7.8 mi2 

(20 km2) basin also contains the natural delta sand beds used for land appli-

cation of the effluent from the Lake George Village Sewage Treatment Plant, 

a sanitary landfill, a modest septic tank population and the formerly un

covered salt storage area of the Lake George Highway Department. 

The English Brook basin (6.9 mi2, 18 km2) lies directly to the west 

of Lake George Village, and contains a 2 mi (3.2 km) stretch of U.S. Route 9 

and of the Northway, and a modest septic tank population. 

The Shelving Rock basin (6.8 mi 2, 18 km2) lies midway up the eastern 

side of the lake and is quite remote, containing no developed roads and a 

very sparse population. 

The Lake George basin itself (234 mi2, 606 km
2

, including the lake) 

contains a 4 mi (6.4 km) stretch of U.S. 9 and of the Northway, and a 40 mi 

(64 km) stretch of N.Y. 9N. The western shore of the lake is generally lined 

with communities having small p~rmanent populations and large s~ertime 

populations. The eastern side of the lake is generally undeveloped. 

PROCEDURES 

Measurements were made for the year May 1973 through April.l974 

in order to estimate chloride budgets for the three stream basins. 

Continuous stream flow measurements were obtained and water samples 

were secured bi-weekly during the summer and fall, and weekly in the winter 

and early spring. Salting season samples \~ere supplemented by storm flow 

samples in English and West Brooks. 

Local data were obtained to estimate precipitation, sewage flow 

and highway deicing chloride loadings. Estimates were made of chloride 
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loadings from septic tanks. Samples were also obtained at various locations 

and depths in Lake George and analyzed for chlorides. 

Chloride analytical methods included mercuric nitrate titration and 

use of the specific ion electrode. 

Chloride delivery rates were calculated from the individual con-

centrations of chlorides measured and the records of the stream flow. Know-

ing the concentration and the volume of flow, the total delivery rates could 

be calculated on a daily basis. This has been calculated in pounds of 

chloride per day. 

Estima.ted chloride outputs of the stream basins were calculated 

from the measured delivery rates, assuming linear variation of chloride de-

livery rate between each sample. However, in the case of missing flow data 

and/or no sample during a peak stormflow, an instantaneous delivery rate was 

estimated using flow and/or flow-concentration correlations. The Lake George 

chloride output was calculated with an assumed annual volume overturn of 10% 

and an assumed average concentration in the discharge of 3 mg/l of Cl. 

Deicing salt inputs were calculated frolO the New York State Depart

lOent of Transporation records which indicated the amount of salt and sand used , . 

and routes covered on each trip. Deicing chloride loadings for the highway 

segments in each basin were then calculated assuming equal deicing chemical 

distribution over each route, and a ratio of 7% salt (by weight) in the sand. 

Values of total season highway deicing salt application rates were found to 

be in the range found by other investigators (17 tons NaCl per lane-mile for 

the Northway and 10 tons NaCl per lane-mile on primary normal-access highways). 

However, values of the English and West Brook highway deicing salt basin 

loadings (90-100 kg/ha/yr) observed in this study are an order of lOagnitude 

lower than area loadings reported for suburban Boston of 1070 kg/ha/yr by 

Huling and Hollocher (1972). 

6 



Precipitation loadings were calculated from salting and non-salting 

season weighted storm averages of chlorides, and total basin precipitation. 

The chloride sewage loadings were calculated using the monthly average sewage 

flows, and the salting and non-salting season sewage chloride concentrations. 

Septic tank chloride loadings were calculated from estimated septic tank 

populations and estimated human and household per capita chloride wastes. 

Hanes et. al. (1972) showed that the average per capita excretion is 6 grams 

of chloride per day, which produces an equivalent concentration in sewage of 

15 mg/l. Since the average concentration of chloride in the Lake George 

Village Sewage Treatment Plant sewage effluent was in the order of 30 mg/l 

of chloride (Aulenbach, et. al., 1975) or twice the estimated value 

caused by human excretion alone, it was assumed that 12 g of chloride per 

capita per day represents more closely the total amount of chloride contri

buted per household occupant in normal septic tank wastes. In all cases 

involving population statistics the summer population was consider to consist 

of the 3 months of June, July and August and the permanent or non-summer pop

ulation was considered for the remaining nine months of the year. 

RESULTS 

Figures 2, 3 and 4 present the chloride streamflow delivery rate 

(lbs. of chloride contributed to Lake George per day) calculated for the 

period May 1973 - April 1974 for West Brook, English Book and Shelving Rock 

Brook, respectively. 

Note the difference in scale for the winter and spring for English 

Brook and for all the Shelving Rock basin results. The impact of the stream 

hydrology on these curves is quite dramatic. West Brook is characterized by 

a reasonably steady base streamflow, which is attributed to the relatively 

large portion of the flow which originates as a more constant groundwater 

seepage, including the sewage flow. Concurrently, the chloride delivery rate 
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curve shows a reasonably steady baseflow throughout the year. Peaks in 

chloride delivery rates are associated with peak stormflows. The highest 

sustained chloride delivery rates were noted in the late spring and early 

summer. The highest instantaneous chloride delivery rates were noted during 

times of snowmelt and highway runoff in the late winter and early spring. 

A similar pattern of streamflow and chloride delivery rates was 

noted in English Brook (Figure 3) with several exceptions. English Brook 

exhibited a less steady baseflow. Concurrently, chloride delivery rates 

were less in English Brook than in West Brook during the late summer and 

fall. However, in the early winter, during a period of rain and snow, a 

much higher streamflow and chloride baseflow were noted in English Brook as 

compared with West Brook. 

With the exception of high chloride concentrations during winter 

storm runoff, a general decrease in chloride concentration with increasing 

streamflow was noted in both stressed streams. However, this decrease in 

chloride concentrations was offset by the increased streamflow resulting 

in an increase in the chloride delivery rates with increasing streamflow. 

The analysis of the SHelving Rock delivery rate data was hampered 

by the disappearance of the continuous streamflow recorder in mid-December, 

1973. Consequently. the annual chloride delivery rate was estimated using 

the 0 bserved delivery rate from July - December, 1973. The delivery rate 

estimate would have been expected to be more nearly the same as the precipi

tation input, due to the expected increases in streamflow and the observed 

increases in chloride concentrations during other parts of the year. 

The Lake George chloride delivery was estimated using assumed 

yearly volumes of outflow and chloride concentration. The true chloride 

output for Lake George might well be expected to be somewhat higher and more 

on an order with the estimated chloride inputs. 
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Table 2 presents the results of the estimated chloride loadings 

from various sources for the West Brook, English Brook, Shleving Rock Brook, 

and the entire Lake George basins, and the % of the total output contributed 

by each source. For the English and West Brook basins, the estimated inputs 

and outputs agree reasonably well. Highway deicing salt appears to be the 

major source of chlorides in these two basins. 

The chloride budgets for all the basins illustrate the dramatic 

influence highway deiCing chloride has on chloride budgets in the Lake George 

basin. 

In English and West Brooks, the winter snowmelt and highway runoff 

chloride delivery peaks accounted for only about one-quarter of the highway 

deicing chloride applied during the winter, Thus it appears likely that as 

much as three-quarters of the highway deicing chloride may enter the ground

water only to appear in the stream later as a result of aquifer flushing fol

lowing storms, and in the general groundwater baseflow throughout the year. 

Limited upstream sampling in West Brook suggested that there were unaccounted 

for upstream sources of chloride, most likely due to the Town of Lake George 

landfill and animal wastes. 

The Shelving Rock Brook budget results indicate that' precipitation 

is the major natural source of chlorides in the Lake George basin and that 

bedrock dissolution of chlorides is minor in comparison. 

The Lake George budget results confirm the major role of highway 

deicing salt as a source of chlorides in the Lake George basin. The budget 

results shown in Table 2 assume steady state conditions from year to year in 

precipitation, stream hydrology, and deiCing salt application. The data base 

year used in this study was typical of the previous several years in the Lake 

George basin, with precipitation and deicing salt yearly inputs within 10% Qf 

the mean annual value. 
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Inputs 

Road Salt 

Precipitation 

Lake George 
Sewage Effluent 

Septic Tanks 

Total 

Output 

Delivery 

TABLE 2 

ANNUAL CHLORIDE MASS BUDGET RESULTS 

AND PERCENTAGE OF OUTPUT 

5/1/73 - 4/30/74 

West Brook English Brook Shelving Rock Bk 
1bs Cl % of Ibs C1 % of 1bs C1 % of 
x 105 Output x 105 Output x 105 Output 

3.90 66 3.83 82 

0.34 6 0.29 6 0.25 312 

0.73 12 

0.10 2 0.10 :1 

5.07 86 4.22 90 0.25 312 

5.87 4.66 0.08 
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Lake George 
1bs C1 % of 
x 105 Outpt 

23.1 166 

9.3 67 

0.7 5 

0.4 3 

33.5 241 

13.9 



Analysis of samples from Lake George itself did not show any varia

tion of chloride concentration with depth. Thus a density gradient potential 

for inhibiting overturn was not observed in the lake. However, a decrease 

in chloride concentrations was noted from south to north in the lake. Samples 

at the southern end of Lake George were on the order of 8.0 mg/l of Cl, while 

samples from the northern end were on the order of 3.0 mg/l of CI. These 

results confirm the anthropogenic impact on the southern end of the lake and 

the dilution of chlorides as the water flows through the lake. 

The analysis of the preCipitation samples from three total samplers 

(uncovered) and one Wong sampler (covered except during rain) in the Lake 

George basin revealed significant differences in chloride concentrations 

between the road salting season and the non-salting season. The average 

salting season chloride concentration observed was 1.0 mg/l, while the average 

non-salting season value was 0.4 mg/l. There was no significant difference 

between the Wong and total precipitation sampler values, nor any trend 

indicating a potential evaporation effect on concentrations. There were also 

no seasonal differences in chloride concentrations in the precipitation near 

Lake George Village (and potent,ial highway splash) and the remote Shelving 

Rock sampler. Elevated winter-time stream chloride concentrations were also 

noted in all three basins, including the remote Shelving Rock basin. Apparently 

chloride becomes airborne as a result of the evaporation of splashed slush 

and pulverized dry haze, and washes out in the regional preCipitation. If 

this increase in salting season chloride concentration is assumed dissolved 

in 10 inches (25.4 em) of rain over the area of New York State, the salting 

season increase in airborne chlorides is about equal to 10% of the amount of 

deicing chloride used in New York State. 

Although highway deicing salts do apparently have a significant 

effect on chloride budgets in streams, no adverse water quality impacts were 



found. The highest winter stream concentration of chlorides observed was 

165 mgll, which is well below both the Public Health Service drinking water 

standard of 250 mgll of CI (U.S. Public Health Service, 1962) and the minimlDll 

value (500 mgll) potentially contributing concentrations of cyanide toxic to 

fish (Hanes, e1;. Ill., 1970). One of the brands of highway salt used by the 

New York State Department of Tl:alI.s,ortation'was observed' to contain yellowish 

decaking agent, apparently sodium ferrocyanide. ~ concentration of 30 mg, CIII 

measured in the highway affected streams during low flow in fall would repre

sent a basinwide maximum groundwater impact of the deicing salts. This 

30 mg CIll represents a sodium concentration of 20 mgll, which is quite close 

to the suggested maximum sodium concentr.ation allowable for people on low 

sodium die.ts (22q/l). However, sodium may not always be elevated in 

stoichiometricquantitles·to chloride due to potential ion exchange in the 

soil. None of the major salt-impacted aquifers in the Lake George basin are 

used forwate:r suppl)f. 

Calculations indicate. that about 10. times the entire amount of de

lClng chlorides applied Mr<the .entire.Lake George basin would be needed to 
• . . - ~ : II' ," .• f ' 

increase the chloride, c&tic,entrad!ffi by 4()0, mgll (With9ut-61ty flushing) in 
, '. :' ,.:' l" " ,~ 

the deepest portion of .the south basin of South . Lake, George. . This value 

(400 mg/l) ,is approximately the chloride concentration asso(:iated with the 

apparent density stabilization of ironcfequqit.J~ay.Thus without con~truction 
~ ., '\'. '.. . 

of significantly more highways in the'basin, .density imposed stratification 

of Lake George would not be expected •. 
, "'. 

SlMIARY 

The two major findings of the study (worthy of further investigations) 

are the high percent/lie of deiCing chlorides apparently entering the local 

gr~~water, and the distinguishable wintertime increase in precipitation 

chlorides. 
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The high fraction of chlorides reaching the groundwater in the 

Lake George basin may be due to the lack of direct storm sewer drainage and/or 

the frequent thaws which characterized the 1973-74 winter. However, the 

potential for groundwater contamination by deicing salt in areas of gentler 

slopes, poorer soil drainage, greater highway density, or less precipitation 

than observed at Lake George is significant. There is a distinguishable 

increase in chlorides in the streams and in the atmosphere during the winter 

in the Lake George basin. 
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