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ABSTRACT

This research involved the use of cétion exchangers
pkoduced by chemical modification of peat, (i.e. peat reacted
with concentrated sulfuric acid). The resulting product has
been found to be superior to the untreated peat since it has
enhanced cation exchange capacity, has a granular form useful
for column operation, and is resistant to leaching. The modi-
fied peat was used as an abso£bent for removing a variety of
pesticides from water. The treated peat was found to be very
effective for the removal of cationic and basic pesticides.
The objectives of this research were as follows:

(i) To determine the effectiveness of the treated peat
for removing various pesticides from aqueous solu-
tion.

(i1) To determine the capacity of the treated peat for
various pesticides.
(iii) To determine the effect of pH, ionic strength and
flowrate on the efficiency of pesticide removal and,
(iv) To compare peats obtained from different locations

with respect to the above properties.
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INTRODUCTION

Since 1945, organic pesticides have been reported in
drinking water (1), agricultrual water (1) and in aquatic
organisms (1). It is known that these pesticides enter
water directly as a result of their application to the environ-
ment for the control of insects on land, and in natural water
(Takes, rivers) and also from the discharge of industrial
waste water (2). Many of these pesticides resist biological
degradation.(3) and thus may persist for a long time in the
environment (3). This source of pollution has been of major
concern to scientists for a long time. Methods to remove
pollutants of all types froh water have been studied exten-
sively. The chemical oxidants, ozone, KMn04, etc . . . have
shown an ability to reduce the concentration of some pesti-
cides (4,5,6). Ionizing radiation (7), adsorption by mfnera]
clays (8), adsorption by active carbon (9) and by synthetic
resins (10) have also been used to destroy pesticides or
remove them from solution. It is desirable to develop simple
and inexpensive methods for the treatment of polluted water.
Peat, a natural and abundant shbstance,(ll) having a native
cation exchange capacity, has been shown to be successful in
removing organic pollutants (12) and in the purification of

water by filtration (13). Smith et al. (14) established that

peat, treated by concentrated sulfuric acid (1.2g of dried
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peat for 4.0 ml of concentrated sulfuric acid) exhibits
enhanced cation exchange capacity, and that leaching prob-
lems are considerably reduced in the treated peat. (Leach-
ing meaning a passage into solution of some organic consti-
tuents of the peat). The increased capacity seems to be due
primarily to the oxidation of some aliphatic chains and, to
a lesser extent, sulfonation.at some aromatic sites (14).
The use of this chemically modified peat for the removal of
a variety of pesticides from aqueous solutions was studied

in this research

BACKGROUND "'INFORMATION

Classification of Pesticides

Pesticides are defined as chemical poisons capable of
destroying pests. In the context of this thesis it is logi-
cal to classify pesticides into three categories on the basis
of their charge: cationic, anionic and neutral. Examples of
cationic and neutral pesticfdes are listed below. Anionic
pesticides were not investigated in this research as they
were expected not to interact with the negatively charged
matrix of the treated peat.

Cationic Pesticides

Paraquat dichloride: CioHig CToN, (15)
Molecular weight: 257
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Structure:

N _¢ -
H4C— I\Q—QJ —CHs | 2CIL Hy0

Diquat dibromide: ClZHIZBrZNZ‘HZO (15)

Molecular weight: 361.80

—NJ
L CH2CH2 J

These two cationic pesticides readily dissolve and dissociate

Structure:
-

in aqueous solutions yielding doubly charged cations.

Basic Pesticides

These pesticides torrespond to molecules which are
not cationic, but which acquire a positive charge through
acceptance of a proton.

Amitrole: C,N,H, (15)

Molecular weight: 84.1

Structure:
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In aqueous solution, amitrole behaves as a weak bases,

pr = 9.83:

-~ + -
R-NH, + H,0 — R-NH; + OH (1)
where R-NH2 represents amitrole and the equilibrium

relation is shown in equation:

r -
iB_i:?;Lg%H] = Kb (2)

Neutral Pesticides

0 (15)

Dieldrin: C12H8 C16
Molecular weight 237
Structure:
Cl
Cl
O
Cl
ClI
Aldrin: C12 H8 C16 (15)

Molecular weight 364.9

Structure:

Cl
Cl
C
Cl
Lindane: CgH, C1. (15)

Molecular weight: 290.8
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Structure:
(:|CN +4}4
H Cl
H H
CI Cl
Cl H

The above three neutral pesticides are insoluble in water

but are soluble in ethanol and acetone.

Nature of the Soil Organic Matter: Peat

This thesis involves the study of pesticide interactions
with chemically modified peat. However, in order to develop
a feeling for the possible nature of these interactions, it
is appropriate to first survey the literature concerning the
nature of the interactions between these pesticides and
untreated peat or soil organic matter. This is desirable as
there is relatively little information available on fhe chem-
istry of the treated peat,

Peat is a type of soil organic matter consisting of two
main groups of compounds: non-humic substances and humic sub-
stances (16). Non- humic substances are represented by dis-
crete organic compounds like proteins, carbohydrates, organic
acids, sugars, fats, waxes, resins, lignin, pigments, and low
molecular weight compounds (16). These compounds exist in
relatively small quantity in soil organic matter. Stevenson
(17) has reported that the content of fats, waxes, and resins

in organic matter varies from 2% to 20%.
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Humic substances consist of a highly complex mixture of
organic components which is resistant to microbial attack.
As a result they persist in the environment for extended
periods. They are commonly subdivided into three categories
according to their solubilities as a function of pH. Fulvic
acid, which i5 soluble in both acidic and alkaline media;
humic acid which is soluble in alkaline medium but not in
acidic medium; and humin which is insoluble in both acidic
and basic media.

Martin and Haider (18) have shown that humic acid is
the most abundant constituent of humus. Humic acid has been
described (16) as an ensemble of polymeric compounds having
an essentially aromatic structure which is bridged by
-0-, -NH-, -N= and S, and containing the following functional
groups: carboxyl, phenolic, hydroxyl, and carbonyl. These
functioné] groups are of considerable importance in the inter-
action between pesticides and soil organic matter. A type of
structure which has been proposed for humic acid is shown in

figure 1 (16).

Types of Interaction Occurring between Pesticides and

Soil Organic Matter

The 1interactions occurring between pesticides and soil
organic matter are extremely complicated because of the com-

plex nature of the soil organic matter. Several mechanisms
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have been proposed (19) in the past for the retention of
pesticides by organic matter. These include:

(a) cation exchange and acid-base reactions
(b) hydrogen bonding
(c) non-polar Van der Waals forces
(d)

d) Tigand exchange

Brief Discussion of Mechanisms of Pesticide Binding

0 Soil Organic Matter

(a) Cation Exchange

It is known that cationic pesticides, such as diquat and
paraquat are absorbed by the organic matter in soil (20).
They presumably interact with the negatively charged sites on
soil humic substances suéh as carboxylate. This can be illus-
trated by the fd]]owing figure (Fig. 2), which has been pro-
posed in the literature (21). The process involved is best
described by the following equation (2):

2-
2

2+ +

2+ P2t 4 2y

P + R (COOH), —/— R - (C00)

2
P2 being the cationic pesticide, and R - (COOH), being the
cation exchanger (the treated‘peat).

Basic pesticides, such as amitrole are not cationic in
themselves, but become cationic through accepting a proton.
The reactions leading to adsorption of basic pesticides are

described by Weber et al. (22) in the following equation:
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T+ H,0 — HT" + OH (3)
~
R-COOH + H,0 —= R-C00™ + H,0" (4)
p— 3
C - HT+ ——~ - HT+
R-CO0 _ R-C00™- (5)

Where R-COOH represents the ion-exchanger, T the amitrole

molecule and HT+ the protonated amitrole molecule.

(b) Hydrogen Bonding

Hydrogen bonding is primari]j an electrostatic effect
that involves interaction between molecules having a dipole
moment and in which the hydrogen atom serves as a bridge
between two electronegative atoms. The following examples

are given by Bailey (23):

R-N-H .... 0 - clay
R-%-O-H ... 0 - clay
0

The abundance of carboxyl and hydroxyl functional groups on
organic matter can lead to a bonding mechanism for organic

molecules containing similar groups.

(c) Non-polar Van der Waals Forces

In the context of solute adsorption, Van der Waals
attraction may be the principal force <causing adsorption of

non-ionic molecules on soil organic matter even though
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individually these forces are relatively weak compared to
other types of interaction (24).

(d) Ligand Exchange

Hayes (25) has shown that transition metals may act as
sites for 1igand exchange adsorption, and has shown also
that water of hydration, acting as a ligand, may be displaced
by the pesticide solution. The process involved can be

illustrated by the following equation:

ﬁquo)xJ“+ + P —— [&(Hzo)x_lp} "+ H,0 (6)

where P is the pesticide having a lone pair of electrons.
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OBJECTIVES

The purpose of this study was to evaluate the potential
of chemically modified peat for removing pesticides from
aqueous solution. The research involved the following
aspects:

(1) Preparation of the cation exchangers, and determina-
tion of their cation exchange capacities for Na© and Ba2+ ions.

(2) Evaluation of the effectiveness of the treated peat
for the removal of different types of pesticides from aqueous
solution. Cationic and basic pesticides were studied in
detail, and preliminary experiments were conducted with neu-
tral pesticides. The effect of the pH, ionic strength and
flowrate on efficiency of pesticide removal were investigated.

3) Evaluation of the capacity.of the exchanger for each
type of pesticide. This was achieved by determining the
adsorption isotherms for the various pesticides on the chemi-
‘ cally treated peat. The exchange capacity for diquat was also
determined by the column method.

4) Comparison of samples of peat from Ireland and from the
State of Colorado in regard to the quality of the adsorbents

obtained. Most of the work was carried out using Irish peat.
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EXPERIMENTAL

The raw peat materials used in this study were obtained
from the Irish Peatlands Experimental Station, Glenamoy,
County Mayo, Iré]and (14) at about 3% ft. depth. Peat sam-
ples were also obtained from the Guannala Pass Tocated above
Georgetown in the State of Colorado. The peat was dug at
approximately 15 to 20 inches. The moisture content of both
types of peat was determined by weighing. Four batches of
each material containing 10 g of wet peat were put in an oven
at 110 °C for drying. The sampIgs were dried to a constant
weight, and the moisture content was determined by difference.
The results are provided in Table (XXII).

Peat in its natural form is impervious to water flow,
and readily leaches organic matter which can be a source of
pollution in itself. This problem can be minimized by treat-
ing the peat with concentrated sulfuric acid at elevated

temperatures (14).

Preparation of the Treated Peat

Both types of peat (Irish and Coloradoan) were treated
in the identical manner. The peat samples were dried for 24
hours in an oven at 110 °C in order to remove water. Concen-
trated sulfuric acid was added to weighed samples of dried

peat according to Smith et al. (14) in the ratio of 4.0 ml
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of concentrated HZSO4 to 1.2 g of dried peat. The experi-
ment was carried out in a large beaker, and the mixture was
heated for two hours at 150 °C on a hot plate Tocated in a
fume hood. The reaction mixture was then washed with por-
tions of deionized water until the pH of the supernatant
solution was close to that of distilled water, in order to
remove excess HZSO4. The treated peat was then dried in
an oven at 110 0C for 26 hours. After grinding in a mortar,
and sieving, the batches of different particle sizes were

stored in labeled jars. All experiments were carried out with

particles ranging from 354 microns to 500 microns.

Description of the Apparatus

The use of the column instead of the batch mode is based
on the fact that pesticide solution is continuously in contact
with the fresh exchanger as it passes through the column, there-
fore making a more efficient separation of the pesticides from
aqueous solution. The apparatus used for removing pesticides
from aqueous solutions in this study is very simple, and is

illustrated in figure 3.

Determination giblon Exchange Capacity

A 0.5 gram sample of each type of chemically modified
peat was washed with distilled water. A few drops of methanol
were added in order to facilitate wetting of the initially dry

particles. To ensure that the exchanger was in the hydrogen
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——> Separatory funnel
serving as deli-
very reservoir

Tygon tubing

Pyrex column

polyethylene

%rf”’/’e Plug of porous
T Stopcock

FIG. 3. APPARATUS FOR COLUMN EXPERIMENTS
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form, 50 ml of 3N HC1 was slowly passed through columns

(1.50 m1 per minute) followed by a large volume of distilled
water in order to remove excess of acid. The exchange capa-
cities were determined according to Smith et al. (14). The

2* (100 ml of 0.5N

process was to run an excess of Na+ or Ba
NaCl and 100 ml of O0.1N BaC]z) through columns of treated
peat (0.5 g) in the HY form at a slow flow rate (1.20 ml per
minute). After rinsing the columns with 20 ml of distilled
water, the total effluents were titrated to a phenolphtha-
lein end point with standardized base (MNaOH).

The cation exchange capacity with Ba2+ was greater than
the cation exchange capacity with Na+, for both types of
treated peat (See Table 1I).

Cation exchange capacity of the treated peat was also

determined by the above method using diquat as the displacing

cation. That experiment will be described later.

Effect of pH on the Physical Form of the Treated Peat

Previous workers (14) have shown that the chemically
treated peat does not leach under acidic or neutral condi-
tions, but that it does leach at high pH values (pH > 9 ).
These results were confirmed in the present experiments.
There was no evidence of leaching under acidic condition.
The influence of alkaline pH's on the treated peat was

determined by equilibrating the exchanger with Clark-Lubs
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buffers (26) at pH values of 7.0, 8.0, 9.0, and 10.0. It
was necessary to buffer the solutions as the pH values would
steadily decrease if simply adjusted by addition of sodium
hydroxide solution.

The experiment was carried out by placing 0.2 g of the
treated peat in 100 ml of each buffer solution. The samples
were inspected visually after standing for 15 days. The
leaching was pronounced at pH 9.0 and pH 10.0, as marked by
a dark solution; little leaching occurred at pH 7.0 and pH
8.0, as indicated by a light color of the buffer solutions.
The Irish peat and the Colorado peat gave similar results in

these experiments.

Development of the Experiment for the Removal of Cationic

Species (Dyes and Pesticides) from Solution by Treated

Peat

(a) Cationic Dyes

Initial experiments were carried out with three cationic
dyes instead of pesticides for two reasons:
(i) For safety reasons: contact with pesticides was
avoided until the basic experimental methods were
developed and refined.
(ii) In intial trial experiments, the dyes can be directly
measured spectrophotometrically, without the need of

forming derivatives.
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The.dyes chosen are described in ref. (27):

Acridine orange whose structure is:

CHs

Tolidine blue whose structure is:

NG Ij“*3
3C‘

and Machite green whose structure is:
Cf%fb
(I
H3

=L

A1l of these dyes are readily soluble in water. One gram of
the chemically modified beat was washed with deionized water.
A few drops of methanol were added in order to facilitate

wetting of the treated peat particles. The treated peat was

then placed 'into a column (see Figure 3). A 0.25 ml aliquot
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of the aqueous dye solution at 0.001% (i.e. 1 mg/100 ml)

was run through the columns at slow flow rates (0.5 ml per
minute). From these first runs, all three effluents were
colorless showing that the exchanger had removed the cationic
dyes from solution. A1l effluent absorbances were essen-
tially zero when measured on a Beckman DU-2 spectrophotometer.
However, at higher flowrates (18.5 ml/mfn) some dye came

through the column.

(b) Pesticides

Following familiarization with thecolumn technique, experi-
ments were initiated using pesticides in order to evaluate
the efficiency of the treated peat for their removal. A
variety of pesticides (neutral pesticides, cationic pesticides,

basic pesticides) was studied.

(i) Neutral Pesticides

Peat and treated peat are known to be cation exchangers
from previous reports (14) and also from the results of this
research. For example Na+ and Ba2+ ions were effective in
displacing hydrogen ions from the treated peat. Accordingly,
the priméry focus of this research was on the removal of
cationic pesticides, and also of basic pesticides, from water.
The Tatter species become cationic through acceptance of a
proton. However, it was decided to carry out some preliminary

experiments with some neutral, hydrophobic pesticides. The



T-2437 20

pesticides chosen for this purpose were aldrin, dieldrin

and Tindane. As these compounds have a very low solubility
in water, ethanolic solutions were prepared and passed
through columns of the treated peat. In these preliminary
experiments, no evidence of significant retention of the
pesticides by the treated peat was obtained. Being very
insoluble in water, these neutral pesticides were precipitated
after addition of water to their ethanolic so1utionsi This
can be used as a qualitative test to detect the presence of
these types of.pesticides at high concentrations. It should
be mentioned that the use of the organic solvent ethanol may
have prevented the hydrophobic compounds from binding to the
treated peat, wheréas the compounds might be removed from

extremely dilute aqueous solutions. However, experimenta-

tion was not pursued along those Tlines.

(ii) Cationic Pesticides

Paraquat and diquat are chemically similar to each other
and their methods of analysis are also similar. Accordingly,
both of these pesticides will be considered jointly in this
thesis. The experiments carried out with amitrole will be
considered separately. Pre}iminary investigations revealed
that the cationic pesticides, paraquat and diquat, are
retained on the treated peat by an ion exchange mechanism.

For example, when a solution of paraquat (0.1M) was passed
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through a column of treated peat, the pH of the effluent
solution (pH = 1.60) was considerably lower than that of

the initial paraquat solution (pH = 4.30). The pH of the
effluent on passing distilled water through the treated peat
was 4.2. This indicates that protons are being displaced
from the exchanger by the paraquat. A similar result was
found with diquat. A similar experiment conducted 16 a batch
mode yielded corresponding results. When a 0.1 M solution
of paraquat was added to a beaker containing a sample of
treated peat in distilled water, a significant drop in pH
occurred. These results indicated that protons were being
displaced from the exchanger by the paraquat and diquat,
thereby demonstrating an ion exchange mechanism. It was
decided to initiate a detailed study of the removal of para-
quat and diquat by the treated peat. The above experiments
were conducted with high concentrations of pesticide (0.1M)
in order to observe the pH effect. waever, the remainder
of the experiments were carried out with very dilute solu-
tions of pesticides.

A colorimetric method based on reduction by sodium
dithionite (Na25204) for paraquat (28) and digquat (29) was
used in order to analyze the effluent and thereby to deter-
mine the efficiency of the removal of the cationic pesti-

cides from aqueohs solution by the treated peat.
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Colorimetric Determination of Paraguat and Diquat

Aqueous solutions of paraquat and diquat were shown to
be reduced by alkaline sodium dithionite (28,29) giving
colored free radical products:

For paraquat:

+/ \ + - =
HaC- K -CH4+S,0; +NaOH——>H3C-©—@NCH3-

+S0O,+NaHSO;5

2

and for diquat:

—— — 7\
O :
I_\J N + NaOH + 8204 —_> A\ N—L  + SOZ +

s+
NaHSO3

The reduced products are characterized by a deep blue colorad
solution for paraquat, and an intense green solution for
diquat. The proportions of all reagents used were: 10 ml of
0.1 g/1 of paraquat solution reacting with 2 ml of 1% sodium
dithionite prepared in 1IN NaOH, and 10 ml of 0.1 g/1 of

diquat solution reacting with 2 ml of .1% of sodium dithi-
onite prepared in 3N NaOH. However, by mixing these solutions
in other proportions (e.g., 10 ml of 16 ppm of paraquat and

2 ml of 1% sodium dithionite prepared in 1IN NaOH and 20 ppm

of diquat and 2 ml of .1% of sodium dithionate prepa}ed in

3N NaOH) it has been found in this research that the:



T-2437 23

stability of the colored solution of paraquat was relatively
good. It was also established in this research that the
stability of the colored product for diquat could be improved
by a reasonable choice of concentration of sodium dithionite
in sodium hydroxide. The following conditions were found to
give satisfactory results in this research:

Ten ml of 16 ppm of paraquat reacting with 2 ml of 1%
sodium dithionite prepared in 1IN NaOH and 10 ml of 20 ppm of
diquat reacting with 2 ml of 1% of sodium dithionite prepared
in 3N NaOH. |

The resulting solutions exhibited intense absorption
bands with a maximum at 380 nm for diquat (see figure 4),
and two maxima at 390 nm and 596 nm for paraquat (see
.figure 5).

Under the above-mentioned conditions it has been shown
that the reduced diquat and the reduced paraquat species
were stable for a period sufficient to permit convenient
measurement of absorbance. It was advisable to carry out
the reduction within 1 to 2 hours of preparing the alkaline

sodium dithionite reagent.

Standard Solutions of Paraquat and Diquat

A 0.1 g quantity of pure paraquat and pure diquat were
separately dissolved in distilled water and diluted to 1

liter; thus 1 ml contained 0.1 mg of each compound.
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Aliquots containing from 0.05 mg to 1.6 mg for paraquat, and
containing from .2 mg to 1.6 mg for diquat were transferred
from the above stock solutions into volumetric flasks and
diluted up to 100 ml, resulting in solutions ranging from
0.5 mg/1 to 16 mg/1 (i.e. 0.5 to 16 ppm) for paraguat, and
ranging from 2 mg/1 to 16 mg/1 (i.e. 2 ppm to 16 ppm) for
diquat. To 10 ml aliquats of each of these later pesti-
cide solutions, 2.0 ml of alakaline sodium dithionit; solu-
tion was added in order to reduce paraquat and diquat. Within
five minutes of the mixing, the absorbances of these samples
were measured on a Beckman DU-2 spectrophotometer. (see
Tables II, III, and IV). Over these ranges of concentrations
for both series of pesticides solutions, Beers Law was obeyed
(see figure 6,7, and 8). Corrections were provided for all
measurements by subtracting the blank value of 0.023 for diquat
and 0.005 for paraquat from all readings.

It should be noted that the concentrations on the Beer’s
Law plots for paraquat and diquat refer to the series of stock
solutions prior to additidn of the dithionite reducing solu-
tion. (The dilution factor of 6/5 is ignored). This facili-
tates the direct determination of the concentrations of unknown
solutions from the Beer's Law plots since the identical pro-
cedure is used in those determinations and the dilution factor

is also ignored there.
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Removal of Paraquat and Diquat by Treated Peat

A series of experiments was then carried out using 16
ppm paraquat solution and 16 ppm of diquat solution at ambient
pH (pH = 5.85 for paraquat so]utidn and pH = 6.15 for
diquat solution), in order to establish the efficiency of
the treated peat for the removal of these pesticides from
aqueous solutions. ‘

A 0.7g quantity of the treated peat was weighed and
washed with distilled water. A few drops of methanol were
added in order to facilitate wetting of the treated peat.
After that, the treated peat was placed-into the column
(figure 3). Then a volume V1 of each pesticide solution was
run through the column (V1 = 45 ml for paraquat and V1 = 50
ml for diquat). The effluents collected were adjusted to a
known volume V2 by passing distilled water through the col-
umns (V2 was 50 ml1 for paraquat and V2 = 55 ml for diquat).
The effluent solutions were analyzed by reduction with alka-
line sodium dithiénite reagent. The results obtained for
the efficiency have shown a successful removal of most of
the paraquat and diquat from solution (Table XIV). Two other
experiments conducted in the same way have indicated essen-
tially the same result as the first one, thus confirming the
reproducibility of the results (Table XIV). Another experi-

ment, conducted this time with a large volume of pesticide
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(1 liter of diquat at 16 ppm), showed that treated peat was
again successful in removing diquat, although the efficiency
has decreased slightly (92.32%), compared to the previous

one found with small volumes (98.62%). The columns contained
1.5 g of treated peat this time, and the flowrate was adjusted

to 1.60 ml/min. .

Effect of the pH, Ionic Strength and Flowrate on

Efficiency of Pesticide Removal

(a) Influence of pH

In order to study the effect of the pH on the efficiency,
16 ppm solution of paraquat and 16 ppm of diquat were each
adjusted to pH = 2.0 and pH = 3.0 with HC1. A volume of each
pesticide solution at the speci?ied pH values was run through
columns which were pre-treated by HC1 to the appropridte pH's.
The results of these experiments did not show a significant

effect of pH on the efficiency (Table XV).

(b) Effect of the Ionic Strength

The ionic strength of 50% of the surface waters of the
United States is less than 0.01M, and 97% of these waters
have an ionic strength less than 0.05M. This statement is
based upon surface quality data summarized by Rainwater (30).
In 1964, the maximum ionic strength of the water supply of

100 large cities was calculated to be less than 0.07M (31).
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However, the ionic strength of sea-water is approximately
O,7M (32) and estuarine water varies between these two limits.

Taking these data in account, experiments were conducted
with the intention of showing the effect of sodium chloride
(NaC1) on the efficiency of pesticide removal by treated peat.
The sqlutions were made up in the following way:

(i) Sixteen mg of diquat (or pafaquat) and 0.58 g of
NaCl were mixed together and diluted up to one liter in a
volumetric flask. This results in a solution which is 16 ppm
in diquat (or paraquat) and 10°2M in NaCl.

(ii) Sixteen mg of diquat (or paraquat) and 0.058 g of
NaCl were mixed together and diluted up to one liter in a volu-
metric flask. This results in a solution which is 16 ppm in

3M in NaCl. A volume of each solu-

diquat (or paragquat) and 10
tion was passed through the columns. All the effluents were
collected and adjusted to known volumes. Those solutions which
were 1072M in NaCI.were found to be slightly acidic (pH = 3.20
for diquat and pH = 3.25 for paraquat), due to displacement of
hydrogen jons from the treated peat by the Na ™ jons. The pH's

3M NaCl were not significantly

of those solutions which were 10~
changed. The effluent solutions were analyzed by the same pro-

cedure outlined above (reduction by alkaline sodium dithionite).
From the results, it appears that the efficiency was not greatly

affected by these concentrations of sodium chloride (Tables

(XV) and (XVI)).
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(c) Effect of Flow Rate on Efficiency

Experiments were conducted to study the effect of the
flowrate on the efficiency. The procedure was to run solu-
tions of paraquat and diquat (16 ppm) at ambient pH and at
various flowrates through the columns of the treated peat.
The flowrate was determined by measuring the volume of efflu-
ent which passed through the column in a known time period.

The results from these experiments indicated that the
efficiency of pesticide removal decreésed very slightly with

increase of flowrate (Tables XVIII and XIX).

(d) Elution of Pesticides from the Treated Peat

Having a cationic naturé, paraquat and diquat are
retained on a cation exchanger. It should also be possible
to displace bound diquat and paraquat from the cation
exchanger by using high concentrations of other cations, e.qg.
Na® or NH,T. An examination of the Titerature showed that

4
NH,* ion was superior to Nat ions for the removal of paraquat

4
from a synthetic sulfonic acid cation exchanger (Zeo-Karb 225)
(28). The columns of treated peat containing bound pesticide
were washed with 45 ml of 5.5 M NaCl. The effluents were
adjusted to 50 ml with distilled water and were analyzed using
alkaline dithionate. The results of the analyses showed that
only a portion of pesticide (19.44% for paraquat and 58% for

diquat) were displaced by the above procedure. The columns

were then successively washed with 45 ml aliquots of 5.5 M
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NaCl solutions and the effluents analyzed in the same manner.
The results of these experiments are presented in Tables V
and VI. After four washings of treated peat in the above
manner, 91.28% of the diquat ion was displaced from the
column, whereas only 41.15% of the paraquat was removed
after seven washings.

Since the literature (28) indicated that NH,C1 was a
better eluting agent for paraquat than NaCl, in the case of
synthetic resins, the above experiment for the elution of
paraquat from the treated peat was repeated using 5.5 M
NH4C1. The data are presented in Table VII. In this case,
82.57% of the bound paraquat was removed by nine washings,
each with 45 ml of the 5.5 m NH4C1 solution.

Paraquat was also eluted from the treated peat by means

of saturated BaCl, (1.7M). However, determination of the

2
eluted pesticide was foiled by the precipitation of barium
dithionite when sodium dithionite was added to the eluted

pesticide solution.

Basic Pesticides

Having a basic amine structure, amitrole differs from
paraquat and diquat because it is a neutral species. A
colorimetric analytical procedure, based on the reaction
of amitrole with sodium nitroprusside reagent, was found

applicable to this study.
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Colorimetric Determination of Amitrole

Marston (33) found that guanidine gives a red color
with a sodium nitroprusside reagent and used this test for
the estimation of the compound. He discovered that small
amounts of amitrole, which has chemical similarities to
guanidine, give a grassy green color with the same reagent.

In order to use the sodium nitroprusside reagent, the
following four solutions were prepared separately (34):
Sodium nitroprusside, NaZFe(CN)5 N0.2H20, 59.6 g/1
Potassium ferrocyanide, K4Fe (CN)6:3H20, 84.4 g/1
Sodium hydroxide, 10% MNaOH (W/V)

Hydrogen peroxide, 3% H,0, (v/v)

These solutions were mixed together with constant stirring
in the proportions of 2:2:1:5, respectively,. by volume,
about 15 minutes before the reagent was used. A 1.2 ml
aliquot of acetic acid was added per 100 ml of the mixed
solution bringing the pH to 11.0, since the greatest color
development is between pH 10.8 and pH 11.2 (34). The maxi-
mum absorbance for the product of reaction between the modi-
fied nitroprusside reagent and amitrole occurs at 625 nm

(see figure 9).

Standard Solutions of Amitrole

In the preparation of a standard curve, 0.1 g of pure

amitrole was dissolved in distilled water and diluted up to
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1 Titer. Thus 1 ml contained 0.1 mg of the compound.
Amounts of solutions containing from 0.1 to 4.0 mg were
delivered into 100 ml volumetric flasks and diluted to

about 70 ml with distilled water. Next, 3 drops of 10%
sodium hydroxide and 10 ml of the nitroprusside reagent

were added. After being diluted to 100 ml, the solutions
were allowed to stand for one hour, and at the end of this
period, the absorbances were measured on a Beckman DU-2
spectrophotometer. The data are presented in Table VIII. How-
ever, a longer time is necessary for completion of the color
producing reaction if the concentration of amitrole is grea-
ter than 1.6 mg/100 ml. The time limit suggested was two
hours (34). The calibration curve conformed to Beers Law
(see figure 10). It should be noted that the concentration
on the Beer's Law plot for amitrole refers to the final
diluted solution. This is somewhat different than in the
case of diquat and paraquat, and facilitates the direct
determination of the concentration of unknown solutions

from the Beers Law plot.

Removal of Amitrole from Aqueous Solution by Treated

Peat

As with diquat and paraquat, 45 ml of 0.1 g/1 amitrole
solution were run through columns containing a fixed amount

of treated peat (0.7 g) in the HY form. The effluent was
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collected and the amitrole was determined using the nitro-
prusside reagent as described above (in a 100 ml volumetric
flask). The absorbance of the effluent solution, measured
on a Beckman DU-2 spectrophotometer, was low, indicating a
high efficiency for the removal of amitrole. Two other
experiments conducted in the same way indicated the repro-

ducibility of the results (Table XIV).

-

Effect of pH, Flowrate and Ionic Strength on Efficiency

of Amitrole Removal

The experiments conducted for the study of these effects
on the efficiency were similar to those conducted with para-
quat and diquat. However, the analytical procedure remains
based on the reaction of the pesticidé in the effluents with

sodium nitroprusside reagent.

Effect of pH

Amitrole solutions (0.1 g/1) were adjusted to pH 2 and
pH 3 with HC1. The efficiency of removal at pH = 2.0 and
pH 3.0 did not differ greatly from the efficiency at ambient
pH (5.50) (Table XVII). Another experiment involved passing
a solution of amitrole at pH = 7.0 through a column of
treated peat preconditioned at pH = 7.0. At this pH, most
of the amitrole molecules should be in the unprotonated form
(pr of amitrole = 9.83). The column was preconditioned by

washing with 3 M NaCl followed by extensive washing with
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water adjusted to pH = 7.0 by addition of a small amount of
sodium hydrox%de. Washing was continued until the pH of the
effluent remained constant at pH = 7.0. After that,45 ml of
amitrole solution at 0.10 g/1 and adjusted to pH = 7.0 was
passed through a column at slow flow rate (1.20 ml/min).

The efficiency was found to be 72.22% in this case. (see

Table XVII).

Effect of Flowrate

As with the diquat and paraquat, a set of experiments
was conducted in order to study the effect of flowrate gon
the efficiency of amitrole removal by the treated peat. The
results of these experiments did not show a marked decrease

of the efficiency as a function of flowrate (Table XX).

Effect of Ionic Strength

The experiments carried out in this section have shown
that the effect of NaCl on the efficiency of amitrole removal
was not marked (Table XVII). The analytical procedure was
based on the reaction of amitrole with sodium nit}oprusside

reagent and the experimental procedure was the same as used

2

with diquat and paraquat (i.e. 10 ° M NaCl and 0.1 g/1 of

3

amitrole and 10°° M NaCl and 0.1 g/1 of amitrole).

Elution of Amitrole by 3M NaCl

The elution of amitrole by 3M NaCl was carried out in
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several steps, as with diquat and paraquat. 1In each step,
a volume of 45 ml of the eluant (3M NaCl) was used. A1l
the effluents were adjusted to a known volume and analyzed
by the same analytical procedure used for the determination
of the standard curve of the amitrole. Five elutions
resulted in complete removal of the amitrole from the

treated peat. The results are presented in Table IX.

Capacity of the Chemically Modified Peat for Various

Cationic Pesticides

The determination of cation exchange capacities of the
treated peat by displacing hydrogen ions with Na+ and Ba2+
has already been described. It was decided to establish
the capacity of the treated peat for binding pesticides
(paraquat, diquat and amitrole) by determining the respec-
tive isotherms. Construction of adsorption isotherms was
empldyed by numerous workers to describe the reaction of
pesticides with soils. As pointed out by Weber (35) adsorb-
tion of a pesticide from solution onto a solid is not the
two-phase system for which the Fruendlich and Langmuir
equations were intended. Water is always present and com-
petes for the surface:sites as do any other solute molecules
in the system. Giles et al. (36) developed an empirical

classification of adsorption isotherms in which four basic

types were recognized (see figure 11):
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L-type, which represents a relatively high affinity between

the solid and the solute;

S-type, which indicates an increase of the adsorption as the
concentration of the solute increases;

C-type, which represents constant partition between solution
and -surface. The adsorption is always directly proportional
to solution concentration; and

H-type, which represents very high affinity between solute

and solid.

Experiments were conducted in order to study the capacity
of the treated peat for binding all three pesticides (two
‘cationic and one basic). Stock solutions of the three pesti-
cides were obtained by separately dissolving 0.3 g of pure
paraquat, 0.5 g of pure diquat and 0.1 g of pure amitrole
in deionized water and diluting up to 1 liter, giving the

following molarities:

Paraquat %@% = 1.16 x 10 °m
Diquat zpoas = 1.38 107 M
0.1 3

Amitro1e Y = 1.18 10 °M

Determining Isotherms for Binding of Paraquat and Diquat

by Treated Peat

The experimental procedure was first to derive from these
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stock solutions a number of pesticide solutions of same vol-
ume and known concentration.

Amounts varying from .3 to 6.6 mg for paraquat and .50
to 11.0 mg for diquat were delivered into volumetric flasks
of 100 ml capacity, and diluted to 100 mi. The next step
was to add a given weight of treated peat, here 0.1 g, to
each batch of pesticide solution with constant stirring in
"stoppered polyethylene bottles. A1l experiments were car-
ried out at room temperature (25°C + 3°C). The final step
to equilibrium df the reaction mixture was monitored by mea-
suring absorbances of solution samples over a period of days
using the same analytical procedure described previously (fol-
lowing reduction with alkaline dithionite). After 6 days for
paraquat and 14 days for diquat (the solutions were shaken
occasionally during this period), the rate of change in
solution concentrations were slow, indicating close approach
to equilibrium. After the above information was obtained
the experiments were repeated allowing the paraquat systems
to stand for 6 days and the diquat systems to stand for 14
days before measuring the isotherm data. The results are
quoted in Table X for paraquat and Table XI for diguat.

From the measured concentrations of the pesticides in solu-
tion, the amounts of pesticides bound to the treated peat

were derived by mass balance, and adsorption isotherms
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were drawn. The limiting values for the bound pesticides
indicate the effective capacity of the treated peat for the
respective pesticides under these conditions. (see figure

12 for paraquat and figure 13 for diquat).

Determining Capacity of the Treated Peat for Binding

Diquat by the Column Method

Thé capacity of the treated peat for binding of diquat
was also determined by passina an excess of the pesticide
through a column of the exchanger. A 50 ml aliquot of 0.11 M
diquat was slowly passed through a column containing 0.15 ¢
of treated peat. The column was then washed with 10 ml of
water and the total effluent was titrated to a phenolphthalein
end-point with standard hydroxidg as was previously done
when using Nat or Ba2+ as the displacing cation. It required

16.0 m1 of 102

N NaOH to reach the end-point, giving a capa-
city of 1.06.-meq/g for binding of diquat to sulfuric acid-

treated peat.

Determining Isotherm for Binding Amitrole by Treated Peat

Amounts of the stock amitrole solution (0.1g/1) contain-
ing from 0.6 to 1.8 mg pesticide were added to a series of .
capped polyethylene bottles. A 0.1 g quantity of treated
peat was added to each of these bottles and the samples were

left standing for 24 hours with occasional shaking. Each of
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thesé bottles contained a different volume of amitrole at
the. same original concentration. This, of course, cannot

be a source of problem since we are interested in plotting
Co - Ceq versus Ceq’ these quantities being independent of
the volume. After 24 hours the solutions were filtered
(Whatman No. 1 filter paper) into 100 ml volumetric flasks.
The amitrole in these solutions was determined by the method
outlined previously (i.e. addition of nitroprusside reagent,
followed by dilution to 100 ml). The complete procedure

was repeated twice more with identical fresh batches of
treated peat and amitrole, and the mixtures were allowed to
stand for 48 and 72 hours, prior to determining the concen-
trations of amitrole in solution. There was Tittle differ-
ence between the concentration of amitrole in the solution
phase after 48 and 72 hours (see Table XII and Table XIII).
The Timiting value for the Bound pesticide indicates the
capacity of the treated peat for aﬁifro]e (see figure 14)

under these conditions.
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RESULTS AND DISCUSSION

Preparation of the Treated Peat

The treated peat was prepared according to a published
procedure (14) and no further modifications in that regard
were introduced during this work. The resulting product
has similar properties to that previously reported (14) in
terms of cation exchange capacities and resistance {(or susep-
tibility) to leaching as a function of pH. Furthermore, the
treated peat, unlike the raw peat, was suitable for column
use. The choice of particle size range was based on a pre-
vious report (14) in terms of its suitability for column use.

Most of this research was carried out using treated
Irish peat, since this type of material had been studied in
some detail in the past (14). Peat from Colorado was also
studied in these investigations. A1l experiments, except
determination of isotherms for the binding of pesticides,
and studies of the influence of pH, ionic strength and flow-
rate on pesticide removal, were carried out with the Color-
ado peat in addition to the Irish peat. The Irish peat was
used for all types of investigation. However, in general,
no major differences in properties were observed between the

Colorado peat and the Irish peat.
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Cation Exchange Capacity of Chemically Treated Peat

The cation exchange capacities determined by displace-
ment of hydrogen ions using Na* and Ba2+ ions from both Irish
and Colorado peats are given in Table I. These data show that
the capacity obtained using Ba2+ is higher than the capacity
obtained using Na® for both types of peat. It is known that
Ba2+, a divalent cation, has a higher charge density than the
univalent cation, Na+. Since peat has functional groups of
different acidity (i.e. groups of strong acidity and groups
of weak acidity), we can conclude that there are some sites
where the acidity is so weak that the proton cannot be dis-

2+ Thus, the

placed by Na+ while it can be displaced by Ba
exchange capacity with divalent cations is higher than the
exchange capacity with wunivalent cation. The results
obtained in this }esearch were somewhat less than the results

reported by Smith et al. (14).

Efficiency of Pesticide Removal by the Treated Peat

Two methods were considered for the determination of
the efficiency of pesticide removal on a column of treated
peat. In the first method, the efficiency of removal was
defined as the percent of pesticide removed from aqueous
solution when it is passed througﬁ a column containing a
fixed mass of adsorbent. It was determined by knowing the

original concentration of the influent solution, and
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measuring the concentration of the effluent. The efficiency
can then be expressed by the following equation:

c,v, - C,V
Efficiency = — lc v 2 2 (7)

1'1

(clvl) represents concentration and volume of the influent
solution; (C2V2) represents concentration and volume of the
effluent solution.

In the second method, the efficiency of removal can be
estimated through an elution process which consists of dis-
placing the retained cationic species by a concentrated solu-
tion of salt, for example sodium chloride or ammonium chlor-
ide. In this case the efficiency can be expressed by

another equation:

it

Efficiency 33 (8)

where C3V3 represents the concentration and volume of the
solution éfter elution. Of course, in order to use equation
(8) it is necessary to be able to elute the bound pesticide
from the column with 100% efficiency. In fact, as will be
discussed later, this was not possible in general and thus
the less restricted equation (7) is used in these studies.
As pointed out in the experimental section, the initial
experiments were carried out with cationic dyes for safety
reasons. The absorbances of all effluents of the malachite

green, of the acridine orange, and the toluidine blue,
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measured on a Beckman DU-2 spectrophotometer, were essen-
tially zero. By using equation (7), the efficiency of

removal was found to be 100% for a]] three cationic dyes.

Efficiency of Paraquat, Diquat and Amitrole Removal

from Aqueous Solution

-The plot of absorbances versus paraquat concentrations,
diquat concentrations and amitrole concentration in solu-
tion are shown in Figures 6,7,8 and 10. The concentration of
each effluent during the efficiency determinations was
deduced by using these plots. The evaluation of the effi-
ciency was performed on the basis of relation (7) for the
reasons méntioned above.

The results, presented in Table XIV show that both the
Irish peat and Colorado peat were very effective in removing
the three pesticides of interest from aqueous solution. The
Irish peat and the Colorado peat were almost of the same
quality as adsorbents for cationic pesticides when treatec
in the same manner. Treated peat has been used on a number
of occasions in the past for removing metal ions from water
(37,38.39). However, to the author's knowledge, this is the
first study in which treated peat has been used for the
removal of cationic and basic pesticides from water. These
initial results were encouraging, showing the treated peat

to be very effective in removing these pesticides from aqueous
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solution. This approach may have potential as a cheap method
for large scale application in the removal of cationic and
basic pesticides from cdntaminated water prior to its dis-
charge into the environment.

It should be pointed out that in the experiments with
paraquat 45 ml of 16 ppm solution was passed through a column
containing 0.7 g of treated peat. This corresponds to
5.58 x 10'3 meq of paraquat passing through 0.637 meq of
treated peat showing that the treated peat was present in
excess by a factor of about 114 over the pesticide (based

2* (Table(1)). Similarily,

on the capacity obtained with Ba
the treated peat was present in excess by a factor of 150
over the diquat concentration. This excess of treated peat

ensures a high degree of removal of the pesticides.

Mechanism of Pesticide Removal by Treated Peat

Exchange may occur through a disb]acement of protons
since these two pesticides are cationic by nature. This
causes a decrease of pH as described previously. However,
amitrole, having no charge, can become positively charged
by a transfer of proton from the exchanger and thus becoming
bound to the treated peat. This can be best illustrated by

the following equation:

w
~—

P-g-OH + R-NH, —— P-ﬁ-o .. .NH,-R (
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Effect of pH, Ionic Strength and Flowrate on the

Efficiency of Pesticide Removal from Aqueous Solution

by Treated Peat

The experiments in the following section were carried

out only with the Irish peat.

Influence of pH and Ionic Strength

The results quoted in Tables (XV) (XVI) and (XVII) show
that the efficiency decreases slightly for all three cationic

pesticides, as the pH decreases from 3.0 to 2.0, and as the

3 2

concentration of sodium chloride increases from 10°° to 10 ° M.
These effects can be explained by the competition of hydrogcen
ions or sodium jons with pesticides, for the exchance sites.
As shown in Table XVII, 72.22% of the amitrole was
removed from solution by the treated peat at pH 7.0. This
lower efficiency ¢f removal is to be expected since ami-
trole is a basic pesticide with a pr of 9.83. At pH 7.0,

amitrole should be essentially in the unprotonated form.

Influence of Flow Rate

As shown by the data in Tables (XVIII)ana (XX), flowrate
did not have a significant effect on the efficiency of pesti-
cide removal by the treated peat, over the range of flow
rates which was studied in this work. There was a slight

decrease in efficiency with increased flow rates, in all

cases, as would be expected.
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Elution of Paraquat, Diquat and Amitrole from Treated

Peat by Concentrated Salt Solutions (5.5M NaCl and

5.5M NH4C1

Again, the experiments in this section were carried out
only with Irish peat.

By looking at the data in Table (V) it appears that
sodium chloride (5.5M) is not a very éffective eluting
reagent for paraquat, whereas it is reasonably effective as
an eluting reagent for diquat as indicated in Table (VI).
However, ammonium chloride (5.5M) was more effective than
sodium chloride in removing paraquat from the treated peat
(Table VII). This is consistent with a previous report (28)
showing that NH4C1 is more effective than NaCl in eluting
bound paraquat from a synthetic sulphonic acid cation exchan-
ger (Zeo-Karb-225). By cdmparing the results of the first
elution for each pesticide (i.e. paraquat and diquat) it
appears that paraquat interacts more strongly with treated
peat than diquat or that more exchange sites are available
to paraquat.

The elution of amitrole by 3M NaCl (see Table IX) was
very effective (the efficiency was found to be 100.83%)

Capacity of the Chemically Modified Peat for Various

Pesticides

Isotherms were measured for adsorption of various .
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pesticides in order to evaluate the capacity of the exchanger.

The isotherms consist of plots of (C0 - Ce ) versus Ce

q q’
where,
C0 = dJnitial concentration of the pesticide in solution;
Ceq = equilibrium concentration of the pesticide in solution,

which was found by spectrophotometric determination of pesti-
cide in the equilibrated solutions, in conjunction with the
appropriate Beer's Law plot. For paraquat, the standard
curve used was that constructed at X = 596 nm, rather than
390 nm, since at the former “wavelength the absorbance was
less intense (see Figure 5). This facilitated all measure-
ments since we were dealing with more highly concentrated
solutions of paraquat than during the column experiments
involving dilute solutions of paraquat where the 390 nm
absorption band was used. The isotherms are reported in
Figure (12) for paraquat,in Figure (13) for diquat, and in Fic-
ure (14) for amitrole. The evaluation of the capacity of

the treated peat was deduced graphically from the limiting
value of (C_ - C_ ). The capacity (B) is given by the

0 eq
following equation:

(Cryp) (V) x 1073

= - -l
B E eq/gr or B E meq/gr (1G)

where: C]im is the 1limiting value of CO - Ceq in mg/1

V is the volume (ml) of pesticide solution equilibra-

ted with the treated peat.
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E, is the equivalent weight of each pesticide (i.e.

molecular weight/n, where n is charge of ion)

m, is the mass of treated peat.
The capacities calculated according to the above relation
(10) are given in Table (XXI). The capacity of the treated
peat for diquat was also determined by the column method
giving a value of .1.06 meq/g

The capacity of the treated peat for diquat, as determined

by the column method, was somewhat greater than that for Ba2+
but the values were still comparable. The capacity of the
treated peat fOrdiquatand.paraquat;as estimated from the 1limi-
ting values of the isotherms were considerably smaller (Table
XXI). This is due, presumably, @o the fact that in the iso-
therm experiments the 1Timiting value may not necessarily
correspond to the maximum binding capacity. On the other
hand, in the column experiments the exchange reaction is
driven to completion by passing a large excess of the dis-
placing cation through the column of treated peat and simul-
taneously removing the displaced hydrogen ions from the

system.

Consideration of Pesticide Toxicity Hazard

The main goal of this research was the development of
methods for removing toxic substances, like pesticides, from

water. The laboratory work involved extensive handling
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of pesticides. Precautions were taken in disposing of experi-
mental solutions and other items in order to avoid contamina-
tion of the environment:

(i) Experiments were conducted with only one pesticide
at any given time.

(ii) After each set of experiments, all solutions contain-
ing pesticides were transferred to storage bottles for sub-
sequent disposal.

(iii) A11 solid material contaminated by pesticides was
stored in plastic bags for subsequent disposal. This mater-
ial included litmus paper, cloth towels, paper tissues, etc.

(iv) At the completion of this research all of the resi-
dual material (solid and dissolved) was assigned to the care

of a commercial disposal company.

Chemicals Used

Dyes: Acridine orange, malachite green, toluidine blue,
Gallard Schlesinger Chemical Mfg. Corp. Carle Place, LI, N.Y.
Pesticidegz Paraquat, diquat, amitrole, Chem Service,

West Chester, PA, 19380 (solid form).

Other Chemicals

Sulfuric - Acid: Baker analyzed reagent, 36.0N

Hydrochloric Acid: MCB Reagents, 11.3N

Sodium Dithionite: J.T. Baker Chemical Co., Phillips-
Burg, N.J. 08865
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Sodium hydroxide reagent, solid form

Sodium chloride reagent, solid form

Sodium nitroprusside reagent practical solid form
Potassium ferrocyanide: crystal form, Baker ana]yzed
reagent

Hydrogen peroxide 30% solution

Ammonium chloride: analytical reagent

Buffer solutions: 0.1M KH,PO 0.1M NaOH, 0.1M KC1,

2 "4’
0.1M H3BO3. AT11 these were reagent grade.
Equipment
The'apparatus for ion-exchange experiments is 1i1ustrated
in Figure 3.

Spectrophotometers: Beckman DU-2 and Beckman DK-2

spectrophotometers were used.

pH meter: Sargent-Welch model IP

Conclusion and Summary

This research was aimed at considering the feasibility of
using chemically treated peat for the removal of cationic
species from water (i.e. cationic pesticides and cationic
dyes). The peat itself is a natural substance which can be
cheaply obtained directly from the land in many areas of
the world. Its utilization without any chemical modifica-
tion was not pratical, since the raw peat is prone to leach

substances which are a source of pollution in themselves.
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Futhermore, thé raw peat is impervious to the flow of water.
However, the sulfuric acid treatment leads to a product
having an increased cation exchange capacity and good physical
characteristics. The product is capable of being used up to
approximately pH = 8.0 and is very suitable for column opera-
tion since it is of a granular form, and possesses good capa-
cities for cations.

This research was primarily intended to remove cationic
pesticides from water. From the data obtained, the treated
peat was found to be very effective for removing these toxic
substances. Factors which can influence the efficiency of
the treated peat for pesticide removal were examined (i.e.
pH, ionic strength, and flowrate). It has been concluded
that all of these factors had no significant effect on effi-
ciency of pesticide removal over the range of varﬁations
studied.

Another aspect of this research was to study the adsorp-
tion isotherm for the binding of the various pesticides on
the " treated peat:.” The experiments conducted in this
case were different from the previous ones which were based
on column operation. The batch method for determination of
isotherms was adopted.

With this simple procedure, these cation exchangers

might find use in municipal water treatment and industrial
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waste water handling. The treated peat may have the poten-
tial of being a cheap substitute for some of the synthetic

resins currently used for water treatment.
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TABLE I. Cation Exchange Capacities of
Treated Peat+(Irish and Colorado
Peat) for Na' and Bal*
Irish Peat Colorado Peat
Nat Ba’? - Na' Ba’t
0.68 meq/g 0.91 meqg/g 0.76 meq/g 0. 96 meq/g
TABLE II. Absorbances of Standard Solutions
of Reduced Paraquat at 390 nm
Concentration (mg/1) Absorbance
0.5 0.050
1 0.075
2 0.133
3 0.260
4 0.355
6 0.530
8 0.715
10 0.900
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TABLE III. Absorbances of Standard Solution
of Reduced. Paraquat at 596 nm

Concentrations (mg/1) Absorbance
1 0.024
2 0.070
4 0.135
6 0.194
8 0.263
10 0.325
12 0.392
14 0.440
16 0.510

TABLE IV. Absorbances of Standard Solutions
of Reduced Diquat at 380 nm

Concentrations (mg/1) Absorbance
2 0.105
4 0.207
6 0.332
8 0.420
10 0.570
12 0.682
14 0.712
16 0.900



T-2437 65

TABLE V. Results of Elution of Paraquat
by 5.5MNaC]

Elution Number % Removal

19.44
11.59
3.81
2.98
2.29
1.04
0.0

N Oy O BAWw N

TABLE VI. Results of Elution of Diquat by
5.5M Nacl

Elution Number % Removal

58

26
5.55
1.73
0.0

o B W N
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TABLE VII. Results of Elution of Paraquat

by 5.5M NH4C1

Elution Number % Removal

35.41
15.27
9.72
.66
.86
.02
.78
.85
.0

W 0 N O O H W N =
O NN WP Ao

TABLE VIII. Absorbance of Standard Solution
of Amitrole Complex at 625 nm

Concentration (mg/1) Absorbance
1 0.020
2 0.048
4 0.075
6 0.107
8 0.148

10 0.180
12 0.194
14 0.255
16 0.290
20 0.330
30 0.510
40 0.650
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TABLE IX. Results of Elution of Amitrole

by 3M NaCl
Elution Number % Removal

1 77

2 11.90

3 5

4 4.13

5 2.80

6 0.0

TABLE X. Data Related to the Adsorption
Isotherm of Paraquat

Co(mg/l) Ce Co'Ceg_(mg/l)
3 0 3
6 0 6
12 0 12
18 0 18
24 c.61 23.39
30 1.58 28.472
36 2.82 39.38
42 2.17 39.83
48 2.75 45.25
54 3.09 50.91
60 4.10 . 55.90
66 5.60 60.40

67
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TABLE XI. Data Related to the Adsorption
Isotherm of Diquat

c,(mg/1) ceg(mg/[1 co-cegﬂmg/l)

5 0.0 5

10 0.0 10

15 0.0 15

20 0.49 19.51
30 0.51 29.49
40 0.68 39.32
50 1.01 48.99
60 1.20 58.80

30 2.35 77.65
90 3.52 86.48

100 . 5.98 94.02

110 9.90 100.10

TABLE XII. Data Related to the Adsorption
Isotherm for Amitrole After
Standing for 48 Hours

co(mgill Cq (mg/1) co—ceq(mg/1)

6 0.40 5.6

8 0.42 7.58
10 0.65 9.35
12 0.85 11.15
14 0.86 13.13
16 1.0 15.0

18 1.50 16.50
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TABLE XIII. Data Related to the Adsorption
Isotherm of Amitrole After
Standing for 72 Hours

Cy(mg/1) Coqlmg/1) Co=Coq(mg/1)

6 0.00 6

8 0.00 8

10 0.420 9.58

12 0.50 11.50

14 0.70 13.30 "
16 0.72 15.28

18 1.25 16.75

TABLE XIV. Efficiency of Removal of Pesticides
by Irish Peat and Colorado Peat

Irish Peat (0.7q) Colorado Peat (0.7g)

Pesticides Paraquat Diquat Amitrole Paraquat Diquat Amitrole

pH 5.85 6.15 5.50 5.85 6.15 5.50

Flowrate 1.10 1.0 1.15 1.07 1.18 1.20
. ml/min ml/min ml/min ml/min ml/min ml/min

Efficiency 99.30 98.16 99.33  99.65 97.22  98.66
(%) 99.0  98.69  99.55
99.51 98.54  98.88
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TABLE XV. Influence of pH and Ionic Strength
on Removal of Paraquat from Solution
by Treated Irish Peat

pH Efficiency
pH = 2.0 97.98%
pH = 3.0 98.0 %

Ionic Strength
1072M NaCl 98.619%

3

10-"M NaC1 98.90%

TABLE XVI. Influence of pH and Ionic Strength
On Removal of Diquat from Aqueous
Solution by Treated Irish Peat

pH Efficiency
pH = 2.0 92.64%
pH = 3.0 93.35%

Ionic Strength

1072M Nacl 94.5

1073M Nac1 96 .48

70
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TABLE XVII. Influence of pH and Ionic Strength
on Removal of Amitrole from Solution

Ionic Strength

-2

10 "M NaC1

3

10°°M NaC1

TABLE XVIII. Effect of Flowrate on Removal of
Paraquat from Solution by Treated

Flowrate (cm3/min)

1.0
2.5
10.5
23.0

by Treated Irish

Peat

Efficiency

98.
98.
72.

96.
97.

Irish Peat

Efficiency (%)

13%
48%
22%

447
717%

99.30
96.50
95.86
95.13

71
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TABLE XIX. Effect of Flowrate on Removal of
Diquat from Solution by Treated

Irish Peat
Flowrate EfffcienCyf(%)
1.0 98.69
6.10 97.91
11.50 97.74
22.0 97.33

TABLE XX. Effect of Flowrate on Removal of
Amitrole from Solution by Treated

Irish Peat
Flowrate Efficiency (%)
1.2 99.55
4.2 98.00
8.1 97.44
14.20 94.66

23.50 93.88
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TABLE XXI. Capacity of the Treated Irish
Peat for Amitrole, Paraquat,
and Diquat as Determined from

Isotherms
Pesticides Capacity in meq/g
Amitrole 0.20
Paraquat 0.40
Diquat 0.47

TABLE XXII. Moisture Content for Irish
Peat and Colorado Peat

PEAT MOISTURE CONTENT (%)
Batch Batch Batch Batch Batch

(1) (IT) (III) (1V)
Irish Peat 86.70 85.60 87.0 85.70

Colorado Peat 75.10 78.60 75.30 78.88

73
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