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ABSTRACT 

The purpose of this research was to evaluate if soil filter beds 

can effectively remove propane from waste gas mixtures of propane and 

air. A laboratory experiment was designed to test the effects of soil 

temperature, moisture content, texture, and pH on the propane removal 
o o 

rates. Soil temperatures between 2 C and 25 C had the greatest 

influence on removal rates, but soil moisture and soil texture were also 
o 

important. The propane removal rates were highest at 25 C, when the 

soil moisture content was intermediate between air dry and field 

capacity, and were generally greater in finer textured soils. Soil pH 

between 6.5 and 8.3 had little affect on the removal rates, but the pH 

5.3 soil removed little propane. 

In the field experiment at the Campbell Agricultural Center, 

propane at concentrations of 1 to 3% (v/v) was mixed with air and blown 

into a horizontal perforated pipe buried 15 cm below the soil surface. 

The propane concentration before the air-propane mixture entered the 

soil was measured and compared to the propane concentration in the soil 

air exiting the soil bed. The overall propane removal efficiency was 

95% from June to December, 1983. 

vii 



INTRODUCTION 

The purpose of this research was to evaluate the efficiency of 

soils to remove and decompose n-propane from an air-propane atmosphere. 

The ability of the soil to remove hydrocarbons in general has been 

established, but there has been little work done on how well the soil 

decomposes short chain, gaseous hydrocarbons and what conditions affect 

the rate of decomposition. 

This research was funded by S. C. Johnson and Son, Inc. of 

Racine, Wisconsin, to evaluate propane disposal in soils. This company 

vents waste air containing approximately 0.1-0.5% propane plus isobutane 

in air to the atmosphere. The propane and isobutane mixture is the 

propellant in aerosol spray cans and is spilled as the cans are filled. 

The release of these gases must be controlled, however, because of their 

possible contribution to atmospheric pollution. 

Several options were available to remove the propane from the 

air. One was to install a system to chemically scrub the gases from the 

air; another was to enrich the propane concentration in order to burn 

it. The former option would have been costly and of uncertain 

efficiency; the latter option is expensive and wasteful. A third option 

was to pass the propane-air mixture into a soil bed where the soil 

microorganisms could oxidize the propane to carbon dioxide and water. 

This thesis presents the results of field and laboratory experiments 

concerning propane removal by soils. 

1 
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The ability of the soil to decompose hydrocarbons has been known 

for some time (Ellis and Adams, 1961; Bohn, 1972). Dibble and Bartha 

(1979) showed that kerosene spilled on a soil was virtually eliminated 

with liming and tillage about one year after a pipeline leak. Raymond, 

Hudson and Jamison (1976) showed that a mixture of oils spilled on soils 

is degraded with little loss of the oils to water moving through the 

soil. Hoeks (1972) showed that even gaseous hydrocarbons, in this case 

methane (CH ), were decomposed by soils before they escaped into the 

atmosphere. Alexander (1981) and others (Christianson, et al., 1979; 

Dibble and Bartha, 1979a, 1979b, 1979c; Koskinen and Keeney, 1982 

among them) showed that the decomposition was completed microbially in 

the soil. Also, Bohn, McNeal and O'Connor (1979) indicate that the soil 

colloids adsorb non-polar hydrocarbons as well as cations and polar 

compounds. It appears that the hydrocarbons are first adsorbed and then 

decomposed microbially in the soil. 

Smith, Bremner and Tabatabai (1973) stated that "...soil is an 

important natural sink for gaseous atmospheric pollutants and may prove 

valuable for purification of industrial emissions...". S. C. Johnson 

and Son, Inc. was interested in such an application. Although Smith et 

al. (1973) were referring mainly to sulfurous gases, Abeles et al. 

(1971) suggested that "...soil is able to absorb a number of 

hydrocarbons in the presence of oxygen..." from the atmosphere or from a 

mixture of hydrocarbons and air exposed to the soil. Bykov et al. 

(1976) showed that soils can indeed adsorb hydrocarbons and tend to 

retain hydrocarbons more strongly as the molecular weight (and therefore 

molecular size) increases. Bykov et al. (1976) also showed that 



3 

hydrocarbon retention was inversely proportional to the soil 

temperature; as the soil temperature increased, the ability to retain 

the hydrocarbons decreased. This phenomenon is observed in most 

adsorption processes, most notably gas chromatography (Willard, et al., 

1981) and suggests that soils act in a manner similar to a 

chromatographic column. Prososki (1978) showed that soils adsorbed and 

eluted hydrocarbons of various sizes at different rates when the 

hydrocarbons were placed in the soil. The results presented in this 

thesis are an extension of the idea that soils can be used to remove 

gaseous products that might otherwise be released to the atmosphere. 

This research centered around two experiments. The first 

examined the effects of temperature, soil texture, soil moisture and pH 

on the rate of propane removal from a static atmosphere. This 

experiment was done in the laboratory because of the need for controlled 

temperatures. In the second experiment, a propane-air mixture was blown 

into a soil bed at the Campbell Avenue Agricultural Center of the 

University of Arizona and the removal efficiency of the system was 

determined. Propane rather than propane plus isobutane was used because 

propane is more volatile and thus is not as readily adsorbed by the 

soil. This gas mixture would also have caused analytical problems 

because the two gases are difficult to separate. 

The questions addressed by this research were: 1) Can soil 

filters be used effectively to remove propane from air streams?; 2) What 

variables affect the rate of removal of propane from a static 

atmosphere?; 3) Can information derived from static atmosphere studies 
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be extended to more realistic applications such as that proposed by the 

S. C Johnson and Son Corporation?. 

The results of this research indicate that there is a large 

potential for using soil beds for propane removal and other gaseous 

hydrocarbons as well. The significant effect of temperature on the rate 

of removal as well as the effects of soil pH, soil moisture and soil 

texture are also shown in this research and affect the rate of removal 

in different ways. 



THEORY 

The general hypothesis underlying this research is that soils 

can adsorb gaseous hydrocarbons from the atmosphere and oxidize the 

adsorbed compounds to carbon dioxide and water. This research was 

concerned with measuring the rates of removal of n-propane, C H , from a 
3 8 

static atmosphere and also from a moving air stream. 

A multi-step mechanism for propane removal has been adapted from 

Laidler (1950) based on adsorption research done by Langmuir (1916, 

1919). The mechanism consists of transport and adsorption of the 

propane molecules to the soil colloid surfaces, followed immediately by 

interaction with soil microorganisms which oxidize the propane to carbon 

dioxide and water. Equation (1) describes the overall chemical reaction 

as 

C  H  + 5 0  =  3  C O  +  1  H  0  ( 1 )  
3 8 2 2 2 

While the details of Laidler's mechanism are not directly applicable to 

propane removal by soils, the concept of a multi-conponent mechanism is 

applicable. Propane removal rates appear to depend on how quickly 

propane adsorbs on the soil colloids and also on the microbial activity 

in the soil. 

Transport of the molecules to the soil colloid surfaces depends 

on movement through the soil pores and to some degree on diffusion. 

Thus, coarse textured soils will have longer free paths which would 

5 
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allow freer movement of the gases in the soil. This can be illustrated 

by analogy to a chromatographic column. Gases travel more quickly 

through a column packed with a coarse (40-60 mesh) material because 

laminar flow increases as the fourth power of the radius of a tube and 

relatively few interactions between the packing material and the gas 

molecules occur. Conversely, there are significantly more interactions 

as the packing material decreases in size (to 100-120 mesh for example) 

and the gases travel through the column much more slowly (Willard, et 

al., 1981). Propane in air will move more freely into and through 

coarse textured soils than through fine textured soils in a manner 

similar to the chromatographic column. 

Adsorption of the propane molecules onto the soil colloids, 

however, depends on the amount of adsorption "sites" available. This 

amount depends on the total surface area, especially of the organic 

matter and the clay and silt fractons. Thus, fine textured soils should 

be able to adsorb more propane than coarse soils (Bohn et al., 1979; 

Grim, 1958). Adsorption will probably depend on the types of clay 

present in the soil, since there is a large range of surface areas 

associated with different clay minerals (Bohn, et al., 1979). Surface 

charge of the soil colloids will also vary with pH and this could 

determine the amount of propane adsorbed. Temperature changes could 

also affect adsorption as mentioned above. Adsorption is inversely 

related to temperature, but the range of temperatures encountered in the 
o 

soil (usually 0-20 C) would not significantly change the adsorption 

rate. It appears that a soil should be coarse enough to allow adequate 

gas movement but with enough silt, clay and organic matter to provide 
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sufficient adsorption "sites" if a particular soil is to be used for 

propane removal. 

Soil conditions must also favor microbial growth since the 

microorganisms are responsible ultimately for decomposing the adsorbed 

propane. Soil pH, moisture and temperature are all important factors 

in microbial growth. Low soil pH (approximately 5.0 and lower) and high 

soil pH (approximately 9.0 and higher) are known to inhibit microbial 

growth and thus soils with pH lower than 5.0 and higher than 9.0 would 

probably not be efficient propane removers (Christianson, Hedlin and 

Cho, 1979; Alexander, 1981; Koskinen and Keeney, 1982). Higher 

temperature also increases the microbial activity significantly and 

appears to be the major factor influencing the rate of removal of 

propane and other compounds (Hoeks, 1972; Raymond, et al., 1976; 

Dibble and Bartha, 1979a, 1979b; Bartholomew and Martin, 1981; Koskinen 

and Keeney, 1982). Soil moisture conditions also affect the microbial 

activity. The optimum moisture content is intermediate between air dry 

and field capacity (Kincannon, 1972; Jobson, et al., 1974; Dibble and 

Bartha, 1979b). 

The soil microorganisms act as long as the conditions in the 

soil are correct for maintaining the microbial population. Thus, there 

is a constant supply of propane oxidizers in the soil as long as the 

above conditions are provided. This means that the ability of the soil 

to continuously remove propane from the atmosphere is dependent mostly 

on the microbial population. The soil can be used, it seems, as a 

disposal site for propane given the right conditions. For this reason 

S. C. Johnson and Son, Inc. was interested in investigating propane 
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removal rates under various soil conditions. The removal process can be 

better understood by examining the rates of removal by several soils 

with varying texture, soil pH, soil moisture and temperature. Studying 

rates of removal under various conditions could lead to extended 

applications of soils to clean waste gases. 



METHODS AND MATERIALS 

The laboratory experiment consisted of measuring the rate of 

propane removal from a static air-propane mixture above the soil. Five 

soils were collected and the fine earth (< 2mm ) fractions were used in 

this experiment. Table I gives brief descriptions of the soils 

collected for this experiment. Two hundred grams of soil were placed in 

one quart Mason canning jars (Prososki, 1978). The jars were sealed 

with RTV silicone adhesive at atmospheric pressure after 0—20% water was 

added. A Viton septum was fixed to the top of each jar to allow propane 

injection and sample extraction and minimal mixing with or leakage to 

the outside air. The sealed jars were leak tested and showed less than 

1% of the original propane was lost by leakage in one week, a rate 

considered to be insignificant for this experiment. Also measured were 

the rate of propane adsorption on the glass and the Viton septum. These 

were also negligible, approximately 0.01% of the original propane 

concentration was adsorbed by the septum and the glass walls after 48 

hours. 

Air dry and moist soils were tested. The moisture conditions 

were achieved by adding 10-20% (weight %) to the 200 g of soil in each 

jar before each was sealed. The added water was allowed to stand in the 

loosely covered jars for approxiamtely 12 hours before each was sealed 

to give a uniform wetting through the soil. 

Propane was injected into the sealed jars from a propane torch 

bottle through Tygon tubing and a hypodermic needle inserted through the 

9 



10 

TABLE 1. Descriptions of soils used in laboratory experiment. 

Abrigo loam 

This soil is classified as a Pachic Paleboroll and is 
found at approximately 8900 feet elevation in the Jemez 
Mountains, New Mexico. Natural vegetation is mostly 
Douglas Fir and Ponderosa Pine. Soil sampled contained 
numerous small roots, decomposed and partly decomposed 
organic matter and had a bulk density of O.83 g/cc. 

Anthony sandy loam 

This soil is classified as a Typic Torrifluvent and is 
found on flood plains and alluvial fans in the Avra 
Valley, Arizona. Natural vegetation is mainly annual 
grasses, mesquite, saguaro and cholla, cultivated crops 
include cotton and alfalfa. The surface 10 cm was collected 
for this experiment. 

Carjo loam 

This soil is classified as a Mollic Eutroboralf and is 
found at the foot of the Jemez Mountains, New Mexico. 
Natural vegetation is mostly Ponderosa Pine and annual 
grasses and cultivated crops included corn and squash 
until the 1930's. This soil is found at an elevation 
of approximately 7000 feet and is both wet and cold at 
least three months per year. Sanpling was done in a 
similar manner as Anthony sandy loam. 

Gila silty clay loam 

This soil is classified as a Typic Torrifluvent and 
occurs in areas where Anthony sandy loam is found. The 
main reason for including this soil was the 
significantly finer texture. This soil was sampled in 
the same manner as Anthony sandy loam. 

Mohave loam 

This soil is classified as a Typic Haplargid and is 
found in the same areas as Anthony sandy loam. Natural 
vegetation includes mesquite, creosote bush and annual 
grasses, cultivated crops include cotton and alfalfa. 
This soil was sampled in the same manner as Anthony 
sandy loam. 



11 

Viton septum. The initial concentrations in each jar were to be between 

1? and 3% propane; this was achieved by injecting propane at gas bottle 

pressure for approximately 40 seconds. The initial concentration in 

each jar was measured within one minute of injection to ensure an 

accurate determination of the original concentration, C . This 
1 

measurement was important because the amount of propane injected varied 

somewhat from jar to jar. 

Propane concentration in each jar was monitored by extracting 2 

ml samples in a gas-tight syringe and injecting them into a gas 

chromatograph. Samples were withdrawn each hour after C was determined 
1 

and at least twice each day after the first day. The samples were 

injected into the gas chromatograph immediately after they were 

extracted. 

Propane concentration was found from the area under the 

chromatographic peak corresponding to propane (Figure 1). Each propane 

peak was appropriately labeled, cut from the chromatogram and weighed on 

an analytical balance (Willard, et al., 1981). A calibration curve was 

plotted using standards (Alltech Chemical Analytical Gas Standards) of 

0.25%, 0.5%, 1.0%, 2.5% and 10.0% propane in air. The propane 

concentration was plotted against the corresponding chromatogrphic peak 

area and a regression line was fitted to the points (Figure 2). The 

equation of the regression line through the points was used to convert 

peak areas to concentrations of propane in air. Thus, the propane 

concentration in a jar was determined by converting the propane peak 

area from the chromatograph to concentration using the calibration 

curve. Multiple injections using the known standards showed that there 
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Figure 1. Sample laboratory chromatogram showing air, 
dioxide and propane peaks. 
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Figure 2. Calibration curve showing propane concentration and 
corresponding chromatographic peak weight used in the 
laboratory experiment. 
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was a maximum error of 0.5? in determining propane in air, indicating 

that the technique was both precise and accurate at a propane 

concentration of 1%. 

The chromatograph used for the laboratory experiment was a Carle 

Analytical Gas Chromatograph, model 300. This instrument was equipped 

with a 12 foot x 1/8 inch stainless steel coiled column (4mm inside 

diameter) packed with Porapak Q (80-100 mesh). The carrier gas was 

helium, and a flow rate of 65 ml/min was maintained throughout the 
o 

experiment. The column was kept at 150 C, and the detector system 

(dual thermal conductivity cells) was at a slightly higher temperature. 

This instrument gave exceptionally good results, even at well below 0.1% 

propane. 

The temperature of the jars was controlled by wrapping each jar 

with a six foot heating ribbon and placing the jars in a refrigerator at 
o 
2 C. Soil temperature was monitored by a thermocouple or thermometer 

placed below the soil surface. Soil temperature was adjusted by 

changing the current through the heating ribbon. This means of 

temperature control proved satisfactory for this experiment. The 

observed temperature fluctuations were small, the average daily 
o 

fluctuations were +1 C. Several temperature readings were made over 

the course of each measurement period and the average temperature for 

each period was recorded. 

The field experiment was also designed to evaluate propane 

removal by soil, but in a more realistic setting (Figure 3). Propane was 

combined with air and the mixture was blown into the soil by means of a 

perforated pipe at the Campbell Avenue Agricultural Center buried 
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Figure 3. Schematic of field experiment showing sampling positions 
feet. 
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horizontally 18 inches (45 cm) beneath the surface. The pipe was buried 

in Gila loam and surrounded by a gravel envelope to allow free flow of 

gases out of the pipe and into the soil (Figure 4). The pipe extends 

approximately 100 feet into the grassed section adjacent to buildings 

2008 and 2009 at the farm. An air flow of approximately 500 cubic feet 

per minute (cfm) was maintained throughout this experiment by means of a 

1/3 horsepower motor and blower attached directly to one end of the 

pipe. 

The concentration of propane was measured immediately after 

mixing with the air stream and at several points on the surface above 

the sewer pipe. A portable Carle model 8000 gas chromatograph equipped 

with a sampling valve and a 1.3 ml sampling loop were used for 

continuous measurement of propane concentrations. A 6 foot x 1/8 inch 

stainless steel column packed with Porapak Q (80-100 mesh) was used and 

60 ml/min helium was used as the carrier gas. The column was maintained 
o 

at 110 C with the thermal conductivity detector at a slightly higher 

temperature. 

Samples of the air at the soil surface were taken at points 

indicated in figure 3 at various times. The sampling valve on the 

chromatograph was attached to a small air pump and air immediately above 

the soil was continuously drawn through the valve at about 300 ml/min. 

The valve was actuated periodically to inject a sample of the air into 

the gas chromatograph and thus to determine the concentration of propane 

exiting the soil bed. A six inch diameter funnel was inverted over the 

soil at a determined point and held approximately 1/4 inch from the soil 

surface. The funnel was also connected to the pump through the valve 
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Figure 4. Cross-section of disposal facility showing pipe, gravel 
envelope and soil. 
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and air was drawn through continuously. The funnel was enclosed by a 

0.8 by 0.8 x 0.3 m cardboard box to minimize dilution with atmospheric 

air pulled into the funnel. 

The propane concentration was determined by cutting out the 

propane peaks from the recorder chart and comparing the weights of the 

peaks to calibration peaks from known standards (Matheson Gas 

Corporation standards, 104 ppm propane in air and 1100 ppm propane in 

air). Peak weights were converted to propane concentrations as 

discussed above. The removal efficiency R was calculated by 

R = (C / C ) X 100 (2) 
2 1 

where C is the propane concentration at the sampling point and C is 
2 1 

the propane concentration of the air stream entering the soil. Soil 

moisture was also measured periodically and the field experiment data 

are given in Table II. Figure 5 is the length of time the propane was 

pumped into the soil pipe during June and December, 1983. 

The experiments allowed several parameters to be evaluated. The 

laboratory experiment evaluated the effects of temperature, soil 

texture, pH and moisture content on the rate of propane removal and 

required a closely controlled environment. 

The field experiment evaluated the efficiency of the soil to 

remove propane from a moving air stream under more realistic conditions. 

The field experiment also served as a model for a possible application 
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of soil treatment of waste gases from industrial sources. The data from 

these two experiments are therefore useful for examining several 

variables influencing propane removal by soils. 
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TABLE 2. Summary of field measurements. 

BEFORE IRRIGATION (4-6% SOIL MOISTURE CONTENT) 

SAMPLING POINTS 
PROPANE INPUT (% REMOVAL) 

DATE (PPM) 12' 25' 70' 

6/1/83 8020 87 86 88 

6/2 5350 98 98 94 

6/6 7960 88 90 98 
86 98 81 
— 96 88 

6/7 7640 91 98 97 
93 98 --

98 — 

6/8 7400 85 98 93 
86 98 97 
89 90 — 

AVERAGES 90 95 94 
OVERALL AVERAGE = 93.4 ± 2.5 % 

AFTER IRRIGATION (10-16% SOIL MOISTURE CONTENT) 

6/10 7960 98 98 98 
98 99 98 
98 98 98 
97 98 98 
98 — 98 

6/13 7320 96 98 97 
98 97 96 
98 95 98 
97 96 98 

6/14 11150 99 98 98 
99 99 99 
98 98 99 
98 98 99 
98 98 98 



TABLE 2 — Continued 

DATE PROPANE INPUT SAMPLING POINTS 
(PPM) (* REMOVAL) 

1 2 '  25' 40' 

6/17 7980 98 98 98 
98 98 98 
96 98 98 
97 98 98 
98 — 98 

AVERAGES 98 98 98 
OVERALL AVERAGE = 98.3 ± 0.42 % 

INTERMEDIATE (8-10% SOIL MOISTURE CONTENT) 

12/8 7802 91 — 92 

12/16 9950 93 — 91 

AVERAGES 92 — 91 
AVERAGE, DECEMBER = 91.7 ± 0.51 % 

TOTAL AVERAGE REMOVAL = 94.5 ± 3.43 % 
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Figure 5. Histogram showing the length of time propane was DumDed 
into the soil from June to December, 1983. 



RESULTS AND DISCUSSIONS 

Laboratory Experiment 

Propane concentration in the air above each soil was measured 

with time. Similar initial concentrations, C , were obtained for each 
1 

soil and the time, t , required to reduce C by one half was 
1/2 1 

determined (Laidler, 1953). The t was calculated from a linear 
1/2 

regression program near C /2 (Walpole and Myers, 1978; Shoemaker, et 
1 

al., 1981). The propane concentration was determined from 

chromatographic peak areas by using the equation for the calibration 

curve shown in Figure 3. Figures 6 and 7 for Anthony sandy loam show 

the propane concentration and time at various temperatures and moisture 

conditions and are typical of the data obtained. The data for the other 

soils are presented in Appendix A. The line through the points on each 

plot represents a qualitative best fit and is mainly intended for 

illustration. The t values are indicated on each plot and are also 
1/2 

listed in Table III with soil texture, soil pH, moisture content and 

temperature for each soil. 

The values of t for a given soil were used to compare the 
1/2 

effect of temperature on the rate of removal. Also, t values were 
1/2 

used to compare the rate of removal with soil texture, pH and moisture 

content at a given temperature. Thus, t is mainly a comparative 
1/2 

tool and not the measure of a definite soil property. 
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Table III shows the calculated t values as well as the 
1/2 

experimental conditions for each soil tested. Each t value is the 
1/2 

average of duplicate, simultaneous measurements. This was done to 

minimize the error in determining C and thus to minimize error in t 
1 1/2 

Several estimated values of t are noted for Gila silty clay loam 
1/2 

(Table III) because the measured propane concentrations did not 

consistently decrease with time. Instead, the propane concentration in 

the Gila silty clay loam jars increased initially followed by periods 

when the propane concentration increased and decreased. This pattern 

occurred at the lower temperatures and disappeared with higher 

temperatures and higher water content. Values for t were estimated 
1/2 

graphically and not calculated by way of the regression analysis. 

The errors in determining t are possibly the results of 
1/2 

several measurement errors. First, temperature fluctuations during each 

measurement period may have introduced a small error. The effect of 

non-constant temperature in this experiment would be to change the rate 

of propane removal for a short interval during the measurement period. 

Smaller values of t would be affected less by temperature 
1/2 

fluctuations while longer measurement periods would allow for more error 

in temperature and thus more error in t1/2 would be found. 

Second, statistical error and systematic error are introduced 

when C is determined, probably the largest single source of error in 
1 

this study. The error in C depends on the syringe volume delivered to 
1 

the gas chromatograph, the instrumental operating conditions, the 

atmospheric temperature and pressure, and the error in cutting and 

weighing the propane peaks. The volume of sample delivered to the 



TABLE 3. Summary of laboratory measurements of propane removed by 
soils. 

SOIL MOISTURE 
SOIL CONTENT (%) T (deg C) t (hr) 

1/2 

Abrigo loam, pH 5.3 Air Dry 25 > 100 
20 25 > 100 

5% sand 
72% silt 
23% clay 

Anthony sandy loam, pH 7.6 
Air Dry 2 99 

69% sand 15 20 
19% silt 20 17 
12% clay 25 14 

10 2 90 
15 17 
20 13 
25 12 

20 25 16 

Carjo silty loam, pH 6.3 

22% sand 
60% silt 
18% clay 

Air Dry 2 52 
15 46 
20 48 
25 41 

10 2 33 
15 18 
20 16 
25 8 

20 25 19 
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TABLE 3 — Continued 

SOIL MOISTURE 
SOIL CONTENT (%) T (deg C) t (hr) 

1/2 

Gila silty clay loam, pH 7.8 

Air Dry 2 47 
38% sand 15 42 
42% silt 20 17 
20% clay 25 10 

10 2 28 
15 15 
20 5 
25 5 

20 25 18 

Mohave loam, pH 6.8 
Air Dry 2 78 

70% sand 15 56 
17% silt 20 49 
13% clay 25 45 

10 2 20 
15 9 
20 7 
25 5 

20 25 6 
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chromatograph was found to be 2 + 0.002 ml by injecting known 

concentrations of propane into the chromatograph and calculating the 

concentrations from the calibration curve (Figure 2). The weight of the 

chromatographic peaks was in error by approximately 0.0001 g which is 

insignificant, but error introduced by cutting out the peaks probably 

added to the overall systematic error in C . The magnitude of this 
1 

error is estimated to be 1% of the determined weight. 

The errors in pH determinations, texture determinations and the 

amount of water added to each soil were also thought to be small with 

respect to the errors in C and were not calculated. The results 
1 

obtained throughout this experiment indicate that inaccuracies 

introduced by these measurements were insignificant. 

The results of the laboratory experiment indicate a strong 

correlation beween temperature and propane removal rate. The values of 

t at a specific moisture content increase approximately five-fold 
1/2 o o 
from 2 to 25 C. The increase in removal rate corresponds to a higher 

microbial activity with increasing temperature (Hoeks, 1972; Alexander, 

1981; Bartholomew and Martin, 1982). Propane adsorption decreased 

slightly with increasing temperature (de Boer, 1953), but this decrease 

is insignificant compared with the increased microbial activity. The 

propane removal rate, therefore, depends mostly on the activity of the 

soil microorganisms. 

Soil moisture content is also an important factor in the propane 

removal rate. The rate of removal with air dry soil and soil at 

approximately field capacity was less than the removal rate on the same 

soil with moisture content below field capacity. The removal rate was 



measured for each soil at 0%, 10%, and 20? moisture which translates to 

dry, moist and wet (field capacity) conditions. Air dry conditions 

inhibit microbial activity (Alexander, 1981) and there was a 

corresponding low rate of removal from the air dry soils. Wet soils 

(i.e., at field capacity) promote microbial growth but many of the soil 

pores are filled with water and limit the diffusion of air and propane. 

There was a low rate of removal measured in the wet soils due to water-

filled soil pores, but the rate of removal in wet soils was higher than 

the rate of removal in air dry soils. Moist soils promote microbial 

activity, have adequate soil pores available for gas movement and give 

the highest rates of removal. 

Soil texture also affects the propane removal rates. The 

measured t values increased with increasing sand content or, stated 
1/2 

differently, the half-time of propane removal decreased with increasing 

silt, clay and organic matter content. This can be explained by 

considering the chromatographic column analogy discussed above. A soil 

higher in sand will have a number of large pores through which air and 

propane can move. This allows the propane to move relatively freely and 

with few collisions between propane molecules and adsorption sites. A 

soil with less sand and more silt, clay and organic matter will have 

smaller pores and thus more restricted gas movement. Propane moving 

through the pores will interact with adsorption sites more frequently 

and the probability of adsorption therefore increases. Also, there are 

considerably more adsorption sites available with increasing clay and 

organic matter. No significant increase in propane removal rate was 



measured from the tested soils which indicates that the propane 

adsorption sites were not saturated. 

Soil texture is more of a physical partition than a determining 

factor in the total amount of adsorption that occurs in a soil. Fine 

textured soils probably have more adsorption sites because of higher 

clay and orgainc matter content, but more importantly the path length of 

a gas molecule through a soil volume is significantly shorter than in 

coarse soils. Adsorption is still essential to the propane removal 

rate, but the data show that the soil with only 12$ clay (Mohave loam) 

has ample adsorption sites to dispose of propane at low concentrations. 

Soil pH had little relation to the removal rates, except for the 
o 

pH 5.3 Abrigo loam. The Abrigo loam removed little propane at 25 C and 

adequate moisture after 100 hours, probably because of the high acidity. 

Microbial growth was inhibited at this pH (Alexander, 1981) and allowed 

only slight propane removal. The rates of removal of the pH 6.5 and 8.3 

soils were not significantly different. Differences in t values 
1/2 

from the same soils were attributed to temperature, moisture and texture 

effects. This indicates that a soil pH that promotes microbial growth 

is sufficient for propane removal and that soils with pH in the region 

of 6.5 to 8.3 have similar removal rates. 

Field Experiment 

Table II shows the data obtained during the field experiment at 

the Campbell Avenue farm. C and C were measured at the positions 
1 2 

indicated in Figure 3 and the removal efficiency was calculated using 
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Equation 2. Air flow and air temperature were also measured and are 

included in Table III. 

Approximately 500 cfm of air flowed through the pipe into the 

soil test area. This was subject to only small fluctuations over 

extended periods. A pitot tube was used to determine air flow at the 

point indicated in Figure 3. 

Error in the field experiment was probably due to sampling the 

air from the soil surface. The air reaching the surface was sampled by 

the inverted funnel in a large box described above. This method allowed 

the concentration of propane exiting the test area to be measured but 

the propane may have been diluted with atmospheric air pulled through 

the funnel. This error is probably constant and small because of the 

box surrounding the funnel. This minimized the dilution and also kept 

any dilution that occurred constant. The error caused by dilution was 

conservatively estimated at 2% of R, the removal efficiency. 

A second source of error was identified during the course of the 

field experiment. The propane peak was observed to coincide to some 

degree with the CO peak. CO is a constituent of both soil air and 
2 2 

atmospheric air, being higher in soil air (Bohn, et al., 1979; Hillel, 

1982). The result of this overlap could cause incorrect determination 

of the propane concentration. The CO peak was minimized by passing the 
2 

sampled air through a filter of anhydrous soda lime (sodium hydroxide-

sodium bicarbonate) before it reached the chromatograph. The adsorbent 

in the filter had to be replaced periodically because water in the air 

was also adsorbed by the soda lime and tended to dissolve it. 
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Several replicate measurements of C and C were made in the 
1 2 

field to better estimate the variation in these values. Table II shows 

the average values and the associated uncertainty in these values. 

Table II shows the average removal rates for June and December, 1983. 

Average removal rates increased significantly after irrigation compared 

to the dry soil. The overall average propane removal from June through 

December was 955S with a range of 93/S to 98$ reflecting dry and moist 

conditions. 

The results from the field experiment indicate that a soil 

disposal method for low propane concentrations should work 

satisfactorily in a variety of soils. It is difficult to determine a 

residence time of the propane in the soil since so much is being 

removed, but two to four minutes is an estimate. This estimate is 

obtained by considering the interval needed for propane to pass from the 

propane source through the pipe and soil to the funnel. The propane 

tank was opened into the air stream at an initial time and the interval 

that elapsed before the propane was detected at the soil surface was 

measured. This interval ranged from two to four minutes in December, 

1983. A reverse effect was also observed when the propane input was 

turned off. Propane was detected in decreasing amounts for about two 

minutes after the propane was turned off and not detected thereafter. 

Figure 8 is the field data from December, 1983, and shows the propane 

removal over several hours. The removal rates were not affected by the 

amount of time the air-propane mixture was blown through the soil. 

The field data indicate that there is little if any accumulation 

of undecomposed propane in the soil at the air flow rate used in this 
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experiment (500 cfm). Further, an air stream effectively removes any 

excess propane in the soil. This minimizes the possibility of "propane 

pockets" in the soil which could be hazardous. 

The soil disposal method tested has had no deleterious affects 

on the surrounding environment (Carr, 1919). There were no visible 

affects on the grass growing above the soil bed, no odors and the 

disturbance of the soil resulted only from installing the pipe. The 

field experiment showed that propane removal by soil treatment is 

satisfactory for the conditions used. 
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Figure 8. Propane concentration in soil air at the surface of the 
disposal facility, December 8, 1983. 



CONCLUSION 

A laboratory and a field experiment were designed and completed 

to evaluate propane removal and disposal from air by soils. The 

laboratory experiment showed that temperature increased the removal 

rate, that soil moisture at about 10? by mass increased the rate, and 

that finer textured soils generally increased the rate of propane 

removal. The laboratory experiment also showed that soils in the range 

of pH 6.5 and 8.3 had about the same propane removal rate. A model 

propane disposal system was tested in the field and propane was 

efficiently removed from an air stream. The overall average removal 

from June, 1983 to December, 1983 was 95?. Propane removal started 

almost immediately after the propane was mixed into the air stream and 

ceased shortly after the propane was turned off. Propane removal from 

propane-air mixtures and propane disposal in soils appears to be 

effective and can probably be accomplished under a wide range of soils 

and soil conditions. 
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APPENDIX A 

PROPANE REMOVAL CURVES 
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