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ABSTRACT 

Land application of treated domestic wastewater that 
may contain chloroform is common practice in the U.S. 
Chloroform contamination of ground water used for drinking 
water may have severe health effects. 

This study was initiated to evaluate chloroform removal 
in soil. Adsorption capacities of sand, loamy sand, loam, 
and silt loam containing no organic matter were studied. 

Thirty-five ml centrifuge tubes containing soil and 
chloroform concentrations of 50 to 720 micrograms per liter 
(ug/1) were stored for 48 hours. Samples were analysed 
using a gas chromatograph equipped with an electron capture 
detector. 

No adsorption on the sand was detected at concentrations 
lower than 265 ug/l.# Minimal adsorption was measured on the 
three other adsorbents. The loam adsorbed 13 nanograms per 
gram (ng/gm) chloroform per gram soil at a concentration 
of 50 ug chloroform per liter and 168 ng/gm at 719 ug/1. 
Little differences in adsorption capacities were measured 
between the loamy sand, the loam, and the silt loam. 
Chloroform adsorption was a function of chloroform conce¬ 
ntration adequately described by a linear function for 
these three soils in the concentration range tested. Lang¬ 
muir and Freundlich isotherm constants were estimated. 

The results indicate that a large amount of soil i§ re¬ 
quired to treat a limited amount of wastewater to prevent 
contamination of ground water from land application. 
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CHAPTER 1 

INTRODUCTION 

Chlorination of water and wastewater has been used for 

many years to control waterborne diseases caused by micro¬ 

organisms. In the 1970's, researchers and scientists first 

started to worry about the formation of halogenated by¬ 

products and their potential chronic health effects when con¬ 

sumed [1, 2]. One group of the halogenated by-products in 

treated wastewater is the trihalomethanes (THM's), formed by 

the reaction between organic compounds, so called precursors, 

and halogens. Trihalomethanes are composed of one carbon, 

one hydrogen, and three halogen atoms. The most common 

THM compounds found in water and wastewater are chloroform 

(CHCI3), bromodichloromethane (CHBrCl2)/ and bromoform 

(CHBr3 ) [3] . 

Chloroform is known to cause liver and kidney cancers 

in laboratory animals exposed to high concentrations [4], 

and the two others are suspected carcinogens [5], The 

U.S. Environmental Protection Agency (EPA) published the 

final rule regarding maximum contaminant levels of THM's in 

drinking water in 1979 [6]. The maximum contaminant level 

was limited to 100 ug/1 for the THM's which were listed in 

the Primary Drinking Water Regulations. Because of the 
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severe health effects these chemicals may have, control and 

removal of THM's from drinking water is of great concern. 

Ground water is an important drinking water source, 

particulary in the western United States where surface water 

is scarce. Contamination of ground water by THM's is a 

possibility where wastewater disposal by land application 

is common practice. The Federal Water Pollution Control 

Act of 1972 (Public Law 92-500) and the Clean Water Act of 

1977 (Public Law 95-217) both encourage land application as 

an alternative to discharge of treated wastewater into sur¬ 

face streams. The treated wastewater is normally chlorin¬ 

ated prior to disposal. This practice may result in THM 

contamination of the ground water bodies supplied by the 

wastewater disposal sites. 

Considerable work has been published on soil as a medium 

for mineral and metal removal, while little is published on 

adsorption of trace organics by soils. Roberts, McCarty and 

Roman [7], observed a rapid transport of THM's through soil 

by ground water movement. Other adsorption studies indicate 

that these substances, chloroform especially, are not readily 

removed in granular activated carbon beds [8], The THM’s 

are also resistant to biological degradation. Research by 

Bouwer, Rittman and McCarty [9] indicated no aerobic degrad¬ 

ation of chloroform in the concentration range from 15 to 

160 ug/1, and anaerobic degradation occurred only in seeded 

cultures after several weeks. The estimated half lives of 
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THM's in hydrolysis and photochemical reactions in aquous 

solutions are in the order of years or longer [10], These 

findings indicate that THM's, chloroform in particular, are 

quite persistent in the environment. However, a rapid re¬ 

moval mechanism of THM's from aqueous solutions seems to be 

by volatilization. billing [11] reported that a 1 mg/1 

chloroform solution had a half life of 27 minutes when 200 

milliliters were stirred in an open 250 milliliter beaker. 

An open nonstirred system had a half life of 90 minutes 

and a closed system showed no loss in a two hour period. 

In this study, chloroform (CHCI3) was chosen to repre¬ 

sent the THM's based on its potential health hazard, and 

its presence in chlorinated wastewater. Chlorinated se¬ 

condary effluent may contain as much as 400 ug chloro¬ 

form per liter, depending on chlorine dose applied [12] . 

The objective was to evaluate the chloroform adsorption 

capacities of typical soils used for wastewater infiltra¬ 

tion in the concentration range found in treated domestic 

wastewater. Constants of the Langmuir and the Freundlich 

isotherms were estimated for three different soil types in 

the concentration range from 50 to 720 ug/1. 
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CHAPTER 2 

ADSORPTION THEORY 

The Adsorption Mechanism 

Adsorption involves accumulation or concentration of a 

substance (adsorbate) at the surface or interface of an 

adsorbing phase (adsorbent). The adsorption of organic 

molecules from water is influenced by factors associated 

with the adsorbent, the adsorbate, and the agueous system. 

Most of the adsorption theory cited in the literature is 

evaluated for adsorption on activated carbon [13, 14, 15], 

but some general considerations will also apply for adsorp¬ 

tion onto other adsorbents. Because adsorption essentially 

is a surface phenomenon, the larger the surface area per 

unit weight of adsorbent, the higher the adsorption capacity. 

Activated carbon has a large surface area per unit weight 

compared to soils, and therefore, more adsorption sites 

available. For the same reason, soil types containing 

mainly clay and silt.are expected to adsorb more than sandy 

soils. Surface characteristics like electrical charge may 

also affect adsorption. 

Weber [13] distinguished between two driving forces 

for adsorption for a given solvent-solute-solid system. 

The first driving force may be a consequence of "solvent- 
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disliking" character of the solute. A hydrophylic (water 

liking) substance will tend to stay in an aqueous solution, 

while a hydrophobic (water disliking) substance will more 

likely be adsorbed from aqueous solutions. Therefore, the 

degree of solubility of a substance is the most important 

factor in determining the intensity of the first driving 

force. The second driving force results from the affinity 

of the solute for the solid. Three different mechanisms 

of this type of adsorption are considered: 1) electrical 

attraction of the solute to the adsorbent, 2) van der Waals 

attraction, and 3) chemical interactions between the adsor¬ 

bate and the adsorbent. The adsorption process is normally 

a combination of these three mechanisms, and also influenced 

by the solubility of the adsorbate. 

Investigators have also shown an increased adsorption 

with increasing molecular weight of the adsorbate [13, 16, 
> 

17], Other variables affecting adsorption are polarity of 

the adsorbate and solution conditions such as pH, tempera¬ 

ture, ionic strength, adsorbate concentration, and presence 

of competitive solutes [14], The adsorption of neutral or¬ 

ganic compounds is probably not affected by pH changes [15] . 

Adsorption Isotherms 

The adsorption isotherms used in water and wastewater 

treatment are equilibrium models, predicting the ultimate 

adsorption capacity of the adsorbent at different concen- 
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trations. The solute remaining in solution is in dynamic 

equilibrium with that on the surface of the adsorbent. 

The common way to describe this distribution is by relating 

the amount of solute adsorbed per unit weight of adsorbent, 

q, to the concentration of the solute remaining in solu¬ 

tion at equilibrium, C. In other words, q is a function 

of C. 

Most adsorption isotherms used to predict the relation¬ 

ship between q and C assume depostion of only a single layer 

of solute molecules on the surface of the adsorbent. Iso¬ 

terms describing the adsorption of multimolecular layers 

are more complex than single-layer isotherms. 

Weber [13] describes three isotherms commonly used for 

adsorption on activated carbon. These are the Langmuir model 

valid for single-layer adsorption, the Brunauer, Emmet, and 

Teller (BET) model representing multilayer adsorption, and 

the Freundlich equation which is basically empirical. The 

Langmuir and BET isoterms are both derived using either kin¬ 

etic or thermodynamic approaches. The Langmuir isotherm is 

based on the assumption that maximum adsorption capacity is 

reached when a saturation monolayer is formed on the surface 

of the adsorbent. The BET isoterm is derived by assuming the 

formation of more than one layer of adsorbate molecules, and 

that the Langmuir isotherm applies to each of them. The ex¬ 

ponential empirical Freundlich equation is often used as a 

means for data description. Because of the empirical origin 
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of this isotherm, extrapolation beyond the concentration 

range tested is not valid. Belfort [14] remarks that much 

of the experimental work on the adsorption of toxic organ¬ 

ics in water has been conducted at a solution concentration 

of several orders of magnitude higher than that actually 

found in water. Many investigators have incorrectly sug¬ 

gested that parameters evaluated at such high solution 

concentration also apply at much lower actual concentra¬ 

tions . 

Table 1 lists the three isotherms described. The 

isotherm parameters are usually evaluated by fitting data 

to the linearized form of one of the isotherms. 
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Table 1. Isotherm Models 

Model Equation 

Langmuir isoterm 
standard 

q = QbC 
1+bC 

C 1 + C 
linearized q bO 0 

i 1 + 1 ( 1 ) 
q 0 bO ( C ) 

BET isotherm q BC 0 
standard (Cs-C) [1+(B-1)(C/Cs)] 

C 1 + (B-1) (C ) 
linearized (Cs-C)q BO (BO ) <CS) 

Freundlich isotherm 
standard q = KC1/0 

linearized log q = log K + 1/n log C 

Where: q = amount of solute adsorbed per unit weight of 
adsorbent; C = concentration of the solute in solution at 
equilibrium; Cs = saturation concentration of the solute; 
b, B r K, l/nf 0 - parameters determined for the respective 
isotherm models. 
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CHAPTER 3 

EXPERIMENTAL MATERIALS AND METHODS 

Soils 

The four natural Montana soils used in this experiment 

were classified and named as follows: sand, loamy sand, 

loam, and silt loam. Before use, the soils were washed in 

distilled water, and the organic matter was burned off at 

550°C for 2 hours. Chemical and physical properties of the 

adsorbents are given in Table 2. 

Table 2. Chemical and Physical Properties of Adsorbents. 

Adsorbent 
%sand 

2000-50um 
%silt 
50-2um 

%clay 
< 2um 

%organic 
matter pH* 

Sand 100 0 0 0 9.0 

Loamy Sand 84 14 2 0 7.1 

Loam 42 44 14 0 9.5 

Silt Loam 34 59 7 0 7.8 

*pH measured in tube containing 40 ml chloroform solution 
and 15 gm soil 

Solution Preparation 

Preparation and handling of chloroform solutions re¬ 

quire much care to prevent contamination from chloroform 

stored in the laboratory. All glassware, stoppers, etc. were 
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washed with detergent and baked 1 hour at 105°C prior to use 

to remove any trace of organics. Chloroform free water for 

making aqueous solutions and calibration standards was ob¬ 

tained by passing distilled water through a filter bed of 

granular activated carbon. The chloroform free water used 

was analyzed prior to each run to verify that it was "clean". 

In this study, aqueous cloroform solutions were made by 

dissolving reagent grade chloroform (Burdick and Jackson, 

Muskegon, MI) directly in chloroform free water. Other re¬ 

searchers [11,18] prefer to dissolve the chloroform in meth¬ 

anol or ethanol first, and then dissolve in water. The reason 

that chloroform was dissolved directly in water in this 

study was to avoid the potential influence of methanol or 

ethanol on chloroform adsorption. Preliminary experiments 

showed that chloroform is difficult to dissolve directly in 

water. Fifteen ul chloroform was injected into a 500 ml 

volumetric flask containing chloroform free water, filled 

to no headspace, then placed on a magnetic stirrer for one 

hour. Dilutions were made from this solution and analyzed 

by gas chromatography. Concentrations of about 7% of 

the expected concentrations were observed, possibly because 

chloroform dissolves at a relatively slow rate in water. 

Chloroform droplets were observed for a long time after 

the stirrer was started. Some of the droplets may have 

settled when the stirrer was turned off. Small amounts 

of chloroform might also have been lost to the atmosphere. 
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Based on a yield of 7%, aqueous solutions of different 

concentrations were made, and the concentrations were mea¬ 

sured by gas chromatography. Aseptic techniques were prac¬ 

ticed in solution preparation to eliminate the possibility 

of biodegradation of chloroform. 

Calibration standard solutions were prepared in the 

following manner recommended by EPA [6]: A 10.0 ml ground 

glass stoppered volumetric flask was filled with methyl alco¬ 

hol (J.T. Baker, Phillipsburg, N.J.), and weighed to the 

nearest 0.1 mg. Two drops of reagent grade chloroform were 

added using a 100 ul syringe, and then reweighed. The con¬ 

centration of this methyl alcohol-chloroform solution was 

calculated. Calibration standards were made up by inject¬ 

ing small amounts of the chloroform-methyl alcohol solution 

into chloroform free water. Duplicates of a minimum of five 

different concentrations were prepared prior to each run. 

Analytical Procedures 

All samples were analysed using gas chromatography (GC). 

The procedure used was indentical to the procedure recom¬ 

mended by EPA for analysis of trihalomethanes in drinking 

water by liquid/liquid extraction [6]. The extraction sol¬ 

vent used was 2,2,4-trimethylpentane (Burdick and Jackson, 

Muskegon, MI). The 2,2,4-trimethylpentane was analyzed 

every day a run was made on the GC to make sure that it 

was not contaminated by chloroform. Two ml of 2,2,4-tri- 
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methylpentane was shaken vigorously with 10 ml sample for 

1 minute. 0.4 ul of the resulting organic extract was 

automatically injected into the GC (Varian model 6000) 

equipped with a 63^ electron capture detector. A 25 meter 

long fused silica capillary column with 0.255mm internal 

diameter was used. The column was operated at 50°C with a 

head pressure of 13.8 N/cm^. Chromatograms were recorded 

and analysed by an automatic integrator, and the concen¬ 

trations calculated by comparing the peak areas of the 

samples to those of the calibration standards. A linear 

response of the electron capture detector was observed in 

the concentration range from 0 to about 300 ug/1. At 

higher concentrations it started to give a slightly non¬ 

linear response. All calibration standards and samples 

were analysed twice. This analytical procedure gave a 

standard deviation of 2.4 ug/1 at 50 ug/1 and 9.8 ug/1 

at 500 ug/1. 

Isotherms 

The isotherm constants were evaluated by using batch 

reactors. The reactors consisted of 35 ml glass centrifuge 

tubes with teflon cap liners. Weighed amount of soils 

were added to each tube, that was then filled to no head- 

space with aqueous chloroform solution. The solution vol¬ 

ume added to each tube was measured. Through careful seal¬ 

ing, air was eliminated from the tubes. However, after 
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inverting, small air bubbles were observed on occasion. 

The tubes were stored at 20°C for 48 hours and inverted 

approximately once an hour during daytime. Duplicate 

"blank" tubes with no soil were prepared from each concen¬ 

tration and treated in the same way as the other samples. 

The blanks were included to account for adsorption of chlor¬ 

oform on the glass walls of the tubes. The concentrations 

in the blanks are referred to as C0 in this report. All 

samples were centrifuged for 1 minute at 2000 rpm prior 

to extraction for suspended solid removal. 

Preliminary studies indicated no measurable adsorption 

of chloroform on the sand in the concentration range from 20 

to 265 ug/1. No attempt was therefore made to estimate 

isotherm constants for the sand. 

A test using the silt loam was run to verify that equi¬ 

librium was reached in less than 48 hours. 
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CHAPTER 4 

RESULTS 

Table 3 demonstrates that the equilibrium state was 

reached in less than 48 hours. No significant change in 

concentrations was observed from 24 to 48 hours by adsorp¬ 

tion on the silt loam. 

Table 3. Initial Concentrations, Co, and Concentrations 
after 24 and 48 Hours in Tubes Containing 15 gm 
Silt Loam. 

Co (ug/1) C (ug/1) C (ug/1) 
24 hours 48 hours 

719 637 640 
719 619 630 

Table 4 shows the initial chloroform concentration 

(Co), the equilibium concentration (C) , and the amount of 

sand added to each tube. No concentration change was ob¬ 

served, implying that the sand had extremely -low, or no 

adsorption capacity for chloroform concentrations lower than 

265 ug/1. 
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Table 4. Initial, Co, and Equilibrium Concentrations, C, 
for the Sand after 48 Hours. 

Co (ug/1) C (ug/1) Amount of 
soil (gm) 

17 17 10 
17 18 10 
17 17 8 
17 18 8 

146 147 3 
265 275 8 

Surface concentrations, q, measured as the amount of 

chloroform adsorbed per gram of soil, for the three soil 

types at different concentrations are listed in Table 5. 

Table 5. Surface Concentrations, q, at Various Initial 
and Equilibrium Concentrations for the Loamy Sand, 
the Loam, and the Silt Loam. 

Loamy Sand Loam Silt Loam 

Co C q C q C q 
(uq/1) (ug/1) (ng/gm) (ug/1) (ng/gm) (ug/1) (ng/gm) 

50 45 11.9 44 13.0 49 2.1 
50 44 14.1 44 13.0 50 0 

105 94 25.5 94 26.1 95 23.0 
105 95 23.9 91 32.2 95 23.7 
129 114 35.0 — — — — 
129 116 27.9 — — — — 
259 236 51.5 235 54.2 233 58.0 
259 235 54 .7 232 59.5 225 77.9 
435 382 122.6 374 135.3 382 118.2 
435 385 113.4 373 139.6 372 138 .4 
719 660 131.0 655 135.6 630 202.0 
719 652 149.2 629 200.3 640 171.4 
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No more than 14% of the chloroform was adsorbed on the 

soils in any case as demonstrated by the measured change in 

\ 

concentration. At a concentration of 50 ug/lf no adsorption 

was observed on the silt loam. 

Figures 1-3 show the adsorption data in Table 5 fitted 

by linear regression to the Langmuir isotherm. Correlation 

coefficients squared (p2)f standardized mean absolute devia¬ 

tion (MAD), and intercept (a) and slope (c) with 95% con¬ 

fidence limits are given. is a measure of the correlation 

between the 1/q and 1/C values; R2=0 implies no correlation 

and P2=l implies a perfect linear correlation. The stan¬ 

dardized MAD is a measure of the goodness of fit, and allows 

direct comparison of the two models used. The Langmuir 

constants, p and b, were calculated from the slopes and 

intercepts of the lines. Their importance will be discussed 

later. 
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Linearized Freundlich plots are shown in Figures 4-6 

with R2 and MAD given. Intercept (a) and slope (c) are 

calculated by linear regression, and used for estimation 

of the Freundlich constants, K and 1/n. Their significance 

will be discussed later in the text. 
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Table 6 contains the Langmuir and Freundlich con¬ 

stants for the loamy sand, the loam, and the silt loam. 

Negative values were obtained for 0 and b when the ad¬ 

sorption data for the silt loam were fitted to the Lang- 

muir isotherm, as Figure 3 shows. These values are not 

included in Table 6, because they cannot be used in the 

isotherm. The units of the constants are given so that 

the calculated q values will have units ng/gm if con- 

centrations are in ug/1. 

Table 6. Langmuir and Freundlich Constants for Chloroform 
Adsorption after 48 Hours. 

Langmuir Freundlich 
Adsorbent Ob K 1/n 
 (nq/qm) (1/uq) ( nq• 1/qm«uq) 

Loamy Sand 393.70 7.52xl0“4 0.38 0 .93 

Loam 3246.75 0.91xl0"4 0.33 0 .98 

Silt Loam  neg*  neg. 0.18 1 .09 
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CHAPTER 5 

DISCUSSION OF RESULTS 

Both the Langmuir and the Freundlich isotherms should 

be regarded as empirical equations in this study. Several 

researchers have pointed out that the Langmuir isotherm 

depends on rather rigorous assumptions seldom met in a 

solvent - solute - water system [13, 15]. The 0 value of 

this isotherm is an indicator of the total adsorption capa¬ 

city of the adsorbent. The intercepts of the linearized 

plots, 1/0, are very close to zero for the adsorbents 

used in this study (Figures 1-3). Small changes will 

adversely affect the 0 values, and give rather unrealistic 

values of the total capacity. The b value was evaluated 

from the slope of the linearized Langmuir isotherm, and is 

supposed to be related to the energy or net enthalpy 

of adsorption (13). A steep slope (1/Qb) will suggest a 

rapid increase in adsorption capacity with increasing con¬ 

centration. No significant differences in intercept and 

slope on a level of 95% confidence were observed by com¬ 

paring the linearized Langmuir plot of the loamy sand to 

that of the loam. A somewhat steeper slope for the silt 

loam than for loamy sand and loam, suggested a slightly 

higher adsorption capacity for the silt loam. 
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The intercept of the linearized Freundlich plot (log K) 

is an indicator of adsorption capacity, and the slope (1/n) 

of adsorption intensity with increasing concentration. Low 

K values for the three soils suggested low capacities (Fig¬ 

ures 4-6). 1/n values close to one demonstrated an almost 

linear dependence of adsorption on concentration. No dif¬ 

ferences in intercept and slope for the Freundlich plots 

of the three adsorbents were observed on a significance 

level of 95%. 

The mean absolute deviation (MAD) was used as a 

measure of which of the two isotherms gave the best fit 

to the adsorption data. The linearized Langmuir plots 

gave lower MAD values for all the three adsorbents than 

the linearized Freundlich plots, indicating best fit. Higher 

correlation coefficients were also obtained by using the 

Langmuir isotherm, suggesting a better linear relationship 

between the 1/q and 1/C values than the log q and log C. 

The soils used in this study had a very low ad¬ 

sorption capacity of chloroform in aqueous solution compared 

to other adsorbents. Chudyk, Snoeyink, Beckmann, and Tem- 

perly [17] reported an adsorption capacity of approximately 

1 mg chloroform per gm of granular activated carbon at an 

equilibrium concentration of 200 ug/1, compared to approx¬ 

imately 55 ng chloroform per gm soil at 200 ug/1 in this 

study. 
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The low capacity of soils compared to activated car¬ 

bon can be explained by the differences in adsorption sites 

available on the adsorbent. Activated carbon has an ex¬ 

tremely large surface area per gram compared to soils. 

Low affinity for interfaces in general can be explained 

by the fact that chloroform is fairly soluble in water, 

8.22 gm per kg of H2O at 20° C [19]. The low molecular 

weight is also a factor that predicts little adsorption 

onto a non-porous surface, as reported by several investi¬ 

gators [13 , 16, 17]. 

pH changes are reported not to affect adsorption of 

neutral organic compounds [15], The differences in pH 

of the four adsorption systems tested should therefore 

not influence the capacity of the soils to any significant 

degree. 

Soils free of organic matter were tested in this study. 

Natural soils will often contain a significant amount of 

organic matter. Most likely, chloroform molecules will 

be trapped by the organic matter. Therefore, a soil 

containing some organics will probably be a better medium 

for chloroform removal than an organic free soil. Bio¬ 

logical degradation of chloroform is reported to be slow, 

therefore, care should be taken to consider bio trans¬ 

formation as a removal mechanism in soil [9] . Reactions 

like hydrolysis or photochemical transformations will not 

remove chloroform [10] . Volatilization seems to be a 
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fairly rapid removal mechanism of chloroform from aqueous 

solution [11]. Land application like spray irrigation will 

probably remove some of the chloroform prior to infiltration 

in the soil, due to volatilization. 

When treated wastewater is applied to soils, the 

factors determining the possibility of chloroform contam¬ 

ination of ground water bodies seem to be: 1) Chloroform 

concentration, volume and application rate of wastewater, 

2) characteristics and mass of soil on the disposal site. 

Based on these factors and the previous discussion, it was 

concluded that chloroform contamination of the ground water 

from wastewater disposal is a possibility. 
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CHAPTER 6 

SUMMARY AND CONCLUSION 

Chloroform adsorption capacities of four different 

soils were evaluated. Three of these were used for esti¬ 

mation of the Langmuir and the Freundlich constants in the 

concentration range from 50 to 720 ug chloroform per liter. 

The findings were as follows: 
f 

1. No chloroform adsorption on the sand was mea¬ 

sured in the concentration range from 17 to 265 

ug/1. 

2. Chloroform adsorption observed was very low 

compared to that for granular activated carbon 

for the three mixtures of sand, silt and clay 

tested. The loam adsorbed on an average 13 

ng/gm at a chloroform concentration of 50 ug/1, 

and 168 ng/gm at 719 ug/1. 

3. A significant steeper slope was observed for the 

silt loam than for the loamy sand and loam 

when the data were fitted to the Langmuir iso¬ 

term. This suggested a more rapid increase in 

adsorption capacity with increasing concentra¬ 

tion. No differences in slope and intercept 

were observed when the data were fitted to the 
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Freundlich isotherm and compared on a signifi¬ 

cance level of 95%, 

4. The Langmuir isotherm gave better fit and cor¬ 

relation than the Freundlich isotherm for the 

adsorption data. 

This study demonstrates that organic matter free soil 

is not suitable as a medium for chloroform removal. Chloro¬ 

form may contaminate ground water bodies from wastewater 

application sites. The possibility depends on concentra¬ 

tion, volume, and application rate of wastewater applied, 

and characteristics and depth of soil. Further research 

is required to predict the movement and breakthrough time 

of chloroform in a soil column. 
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