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FOREWORD

For aeons man has known how to irrigate his lands to increase
productivity. However, he did not recognize the need for drainage until
recently. Without proper drainage, hundreds of thousands of acres of
once fertile land have been forced out of production.

In 1957, the State Legislature authorized the San Joaquin Valley
Drainage Investigation to solve the drainage problems of the Valley. This
investigation marked the first attempt by the State to solve the complex
problem of agricultural drainage on a basin-wide scale.

Several phases of the Drainage Investigation, primarily those
being conducted by the Quality and Treatment Unit, are of such a nature
that they merit separate publication. The results of these studies will,
of course, be included in the final report of the Investigation. Details
of the studies, however, are important enough to be published for distri-
bution to other organizations and interested individuals. This bulletin
is the first of a series intended to serve this purpose. Bulletins to be
released in the future, as part of this series, will cover subjects such
as: analyses of data pertaining to the quality of agricultural waste water
treatment, studies of the ecology of several microsystems, and analyses
of time-series data.

The fate of pesticides applied to irrigated agricultural land
was selected as the subject for the first bulletin of the series because
of the extreme concern that pesticide use in the San Joaquin Valley is
causing a critical degradation of the environment. Hopefully, the con-
clusions presented in this report will do much to reduce this concern.

William R. Gianelli, Director
Department of Water Resources
The Resources Agency
State of California
April 16, 1968



The results of the first two years of a continuing study of the fate of pesticides applied
to irrigated agricultural land are presented. The work was conducted on a 110-acre test plot in
western Fresno County. The soil of the plot is Lethent silty clay loam, strong alkali.

By applying DDT and Lindane to one of three blocks in the plot, and measuring the chlori-
nated hydrocarbon pesticide content in and the quantities of the applied water, tailwater (surface
runoff), tile drain effluent and soil, it was concluded that (l) the pesticide content of subsurface
tile drainage effluent is not significantly greater than that of the applied water when pesticides of
low solubility, such as DDT, are applied, (2) the concentration in tile drainage effluent of a more
soluble pesticide, as represented in this study by Lindane, is significantly higher than that of the
applied water, (3) the pesticide concentrations found in soil vary with time at a rate that is
proportional to the concentration present. The rate of change is also influenced by moisture
conditions of the soil environment. The nature of this variation indicates that some of the
pesticides in the soil are decomposing in place, (U) effluent from tile drainage did not appear to
remove an appreciable quantity of chlorinated hydrocarbonic material from the field, and (5) when
considering the fate of pesticides applied to an irrigated field, more is removed through decomposi-
tion in the soil than through leaching.



INTRODUCTION

What becomes of the pesticides applied to a field?

Do they remain in the soil or are they removed in the surface
runoff or tile drainage?

These questions are examples of those commonly asked of the
Department of Water Resources. This report presents the results of
a study conducted to provide information needed to answer them. The
following conclusions are examples of those drawn from the information
provided:

(l) Tile drain discharge does not remove a significant proportion of
the pesticides applied to a field. (2) Considerably more pesticides
remain in the soils of a field than are removed by tailwater (surface
runoff) or tile drainage.

Bennett Plot

The investigation leading to this report is part of a continuing
study on the Bennett Plot, a 110-acre plot of land, which is located
approximately 6 miles south of Dos Palos on the east side of Russell Avenue
in Western Fresno County (Figure l). It had never been cultivated prior
to September 1963- The soil of the plot is classified as Lethent silty
clay loam, strong alkali.

Prior to the application of irrigation water, subsurface tile
drains were installed in the plot. The drainage system was designed
to make possible the determination of the leaching effectiveness of two
sizes of drain tile (4" and 6" inside diameter), and of several different
methods of tile installation. This was accomplished by installing seven
drain lines in each of the three blocks comprising the plot. Each of the
seven lines represented a different type tile or different method of
installation. Blocks A and B contain lines 900 feet long, while the lines
in Block C are 600 feet long. All tile lines are spaced 200 feet apart on
a slope of 0.002 feet per foot.

To date, the test plot has been flooded three times: from
October 5, 1963 to January 27, 1964: from July 12, 1964 to September 25,
1964: and from May 15, 1965 to September 20, 1965. Rice was grown during
the third flooding and subsequently harvested.

Pesticides were applied to the soil surface of Block B prior
to each flooding. No pesticides were applied to any of the other blocks.
The fate of the pesticides applied to the plot was determined by measuring
the concentrations of pesticides in the applied water, tailwater, tile
drain discharge, and soil.

On September 23, 1963, DDT (a chlorinated hydrocarbon pesticide)
and Parathion (a thiophasphate pesticide) were applied at rates of 2 and
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Sample Collection and Analysis

The backbone of any water quality investigation is the data.
Without reliable data, it is impossible to meet the objectives of any
program, and all effort to overcome this shortcoming will be in vain.
Because of the inherent difficulties in collecting and analyzing pesticide
samples, it is important to describe the techniques used. Appendix A
presents a summary of the methods used to take the samples and to analyze
them. It is believed that these methods provide the best data obtainable
at this time.

RESULTS

The chlorinated hydrocarbon pesticide data collected to date
for this program are presented in Appendix B and are summarized in the
tables of this section of the report.

Table 1 presents the summary of the concentrations of chlorinated
hydrocarbon pesticides found in the water applied to the plot. The tail-
water (surface runoff) and tile drain effluent pesticide concentrations are
presented in Tables 2 and 3- The results of the soil pesticide analyses
are summarized in Table k. Figure 2 graphically illustrates soil pesticide
concentrations in Block C and is presented to assist in the comprehension
of the results of these analyses. No special significance should be attached
to the particular example selected.

Figure 2. SUMMATION OF
IDENTIFIED CHLORINATED HYDROCARBONS v» DEPTH

FOR BLOCK C OF BENNETT PLOT



The average chlorinated hydrocarbon pesticide concentrations for
the applied water, tailwater, and tile drain effluent are presented in

Table 5. The concentrations listed are the averages for the summation of
identified chlorinated hydrocarbon pesticides detected in the various samples.

Table 6 presents the water balance for the three leachings at the
plot. Approximate evaporation and evapotranspiration rates for the general
area in which the study was conducted were derived from Department Land and

Water Use records.

TABLE 1

CHLORINATED HYDROCARBON PESTICIDES IN WATER APPLIED
TO BENNETT PLOT, FRESNO COUNTY
OCTOBER 1963 to SEPTEMBER I965
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DISCUSSION

The chlorinated hydrocarbon pesticide data, presented in Appendix B
and Tables 1, 2, and 3, have been analyzed using standard statistical
techniques ("Student's T" and "F" tests) to a 5 percent level of significance.
These techniques were used to determine if there were statistically signifi-
cant differences between the pesticide concentrations related to the various
blocks for the different leaching periods. Tile drain effluent data were
normalized by converting the measured concentrations to pounds of pesticide
drained per day per acre of land in the particular block. The soil extract
results were analyzed by calculating the mean concentrations and the depth
to the center of mass of the pesticide in the soil (the centroidal depth).
These depths were calculated for the various individual components as well
as for the sum of identified chlorinated hydrocarbon pesticides.

Water Samples

Prior to the third leaching there was no statistically significant
difference between the pesticide concentrations of the applied water and
that of the tile drain effluents for any of the blocks or that of the tail-
waters from blocks A or C. However, the results of the third leachings were
considerably different from those prior to that time. The Lindane applied
to block B was definitely more soluble than the DDT previously used. It
resulted in a statistically significant increase in the tile drainage effluent
pesticide content of block B.

The greater pesticide load carried by the block B tile drain
effluent during the third leaching was primarily due to the transport of
material applied prior to the third leaching and in part due to that applied
prior to the second leaching. The more soluble Lindane used prior to the
third leaching appeared to reach "equilibrium" with the soil and being
leached out within one leaching. However, the DDT, applied prior to the
second leaching, did not "break through" until the third one. Of course,
the difference in the quantity of water applied for the second leaching
and that applied for the third may be as responsible for this as the
differences in solubility.

Leaching is the removal of a soluble material from a solid by a
liquid. It is the reverse of absorption and dependent on the concentrations
of the soluble material (in this case pesticides) in the liquid and on the
solid. From this work, it appears that the concentration of pesticides in
the leachate, the water, is inconsequential in comparison to that in the
solid, the soil. Even though the water is in contact with the soil for an
extended period of time, the concentration of leached pesticide did not
approach saturation in the water. This can be seen by comparing the concen-
trations of pesticides found in the tile drain effluent to published pesticide
solubilities. It is also apparent from the results of the analyses of the
soil samples.



Soil Samples

By observing the variation of centroidal depth with time for each
of the three blocks, it is readily seen that the strong affinity of pesti-
cides for particulate matter is more important than its solubility in water.
If the solubility of pesticides in water were the controlling factor, the
water passing through the soil would reach saturation. This would result in
a smaller fraction of pesticides being removed from the deeper soils than
from those closer to the surface. Under these conditions, the centroid of
mass would move downward with time. It did not; therefore, this study
reaffirms the belief that pesticides have a strong affinity toward particu-
late matter and are only leached with great difficulty.

The depths to the centroids of mass (Y's on Table k) for the
different soil samples from blocks A and C do not have any significant trend
with time. That is, each successive leaching did not cause a drastic change
in the location of the center of mass of the pesticides in the soil. The
results from block B indicate an ever decreasing centroidal depth.

The lack of a significant trend in the centroidal depths, for
blocks A and C, indicates that the material being lost is removed from the
increments of depth in a manner that is related to the concentration of
pesticide in the increment. With a given quantity of water passed through
the soil column, the same percentage of material present is removed from
each increment. If the quantity of water passed through the soil column is

increased, the percentage removed is increased by the same amount for all
depths. However, the increase in the quantity of pesticides removed does
not appear to be related linearly to the quantity of water. Two phenomena
that are undoubtedly involved are leaching and degradation. The non-
linearity, previously mentioned, indicates that leaching is probably not
as significant as degradation.

The degradation of pesticides has been shown, in laboratory
studies of the movement of pesticides through soils, to be of significance.

It may be either chemical or biological in nature. However, it is not
possible from results of this study to qualitatively separate the signifi-
cance of leaching, degradation by biological actions, and degradation by
chemical reactions.

The decreasing centroidal depth in block B is a result of
increased chlorinated hydrocarbon pesticide concentrations in the upper
layers of the soil due to application of material to this block. The
disproportionately high average concentration found for the third soil
sample of block B is due to the large dose of DDT (k pounds per acre)

applied prior to the second leaching. This large dose caused a concentra-
tion of nearly three parts per million in the top two inches of the third
sample. This application definitely caused an increase in the concentra-
tions of pesticides found at all levels in the soil column. However, the

pesticide load carried by the tile drain effluent of block B did not
increase significantly (statistically speaking) until the third leaching.

This is due to the previously mentioned affinity of pesticides for
particulate matter.



The first soil samples, from all three blocks, taken prior to any
known pesticide application, contained fairly high concentrations of chlori-
nated hydrocarbons. The actual cause of these initial concentrations is

unknown, but is probably due to overspray from adjacent fields, pesticide
transported by seepage, etc.

Mass Balance

In an attempt to quantitatively determine the fate of applied
pesticides, a mass balance was made for the Lindane used on Block B. The
tailwater and the tile drain effluents were considered as the only modes
of removal and the soil mass as a sink. By doing the mass balance for
Lindane, it was possible to eliminate the problems introduced by background
concentrations. The soil samples taken prior to application did not contain
Lindane in detectable concentrations.

Of the Lindane applied, it was possible to account for less than
three percent. Of the Lindane that could be accounted for, approximately

95 percent {2.jk percent of that applied) remained in the soil mass after
the leaching, k percent (0.12 percent of that applied) was removed in the
tailwater, and less than 1 percent (less than 0.02 percent of that applied)
was removed in the tile drain effluent. The unaccountable portion (97% of
that applied) was possibly lost because of application technique, degrada-
tion, seepage to adjacent areas, removal with the rice crop and inaccuracies
in sampling and detection methods.

From the fact that pesticide concentrations in the tile drain
effluents seldom exceeded the concentrations in the applied water and the

results of the mass balance, it appears that degradation possibly account

for the removal of more pesticides than does leaching.

CONCLUSIONS

The following conclusions have been reached as a result of this

study:

1. The pesticide content of subsurface tile drainage effluent
is not significantly greater than that of the applied water when
pesticides of low solubility, such as DDT, are applied.

2. The concentration in tile drainage effluent of a more sol-

uble pesticide, as represented in this study by Lindane, is significantly
higher than that of the applied water.

3. The pesticide concentrations found in soil vary with time at

a rate that is proportional to the concentration present. The rate

of change is also influenced by moisture conditions of the soil
environment. The nature of this variation indicates that some of the
pesticides in the soil are decomposing in place.



k. Effluent from tile drainage did not appear to remove an
appreciable quantity of chlorinated hydrocarbonic material from
the field.

5. When considering the fate of pesticides applied to an
irrigated field, more is removed through decomposition in the
soil than through leaching.



Appendix A

SAMPLE COLLECTION AND ANALYTICAL TECHNIQUES

This report is based on the results of two hundred and seventy-
seven pesticide analyses. Of the total; Ik samples of applied water, 39
samples of tailwater, 130 samples of tile drain effluent, and 9k soil
samples were analyzed. The samples of water (applied, tail, and tile) were
taken at such times and in such a way that it is possible to compare the
concentrations of pesticide associated with the block receiving direct
application (block B) and that caused by overspray, etc. (blocks A and C).

The tile drain samples were composites of the effluents from the seven tile
lines in each block.

The 9k soil samples were collected prior to the first flooding,
and since that time, they have been collected subsequent to each irrigation
period. Composite samples were made for each block from soil columns taken
from Ik bore holes in the block. The soil samples were combined according
to depth; that is, the material comprising the top two inches from each of
the Ik bore holes in block A was combined into one sample, as was the
material from the two-to twelve-inch depths, the twelve-inch to two-foot
depths, etc. This enables the determination of the variation of the con-
centration of pesticides at various depths in the soil column.

All analyses of pesticides for this program were made by Stoner
Laboratories of Campbell, California, using a Dohrman Gas Chromatograph
equipped with two microcoulometric detectors. One of the detectors measures
chloride concentrations (i.e., chlorinated hydrocarbons) and the other
measures sulfur (i.e., thiophosphates )

.

Pesticides were extracted from 2 gallons of the water samples
with a mixed solvent of 10 percent diethyl ether and 90 percent ethyl
ether. Once the pesticide was extracted, the solvent-pesticide mixture was
concentrated by evaporation and injected into the chromatograph. At the

Stoner Laboratory various chromatographic columns are used to separate the

pesticides present. Identifications are made by comparing the retention
times of the unknown materials injected with those of known standards. On
occasion, materials are detected with retention times that do not compare
with those of any known material. These are recorded as "unknown" in

Appendix B. Concentrations of the specific pesticides identified are cal-

culated from the quantity of chloride or sulfur detected by the micro-
coulometric detectors. Unknowns are expressed as DDT. In addition, a
"Computed Maximum Total" chlorinated hydrocarbon pesticide (CMT) figure

is calculated. The CMT is calculated assuming that all of the chloride
detected was from DDT. Unknowns and background values are included in this

figure.

The microcoulometric gas chromatographic technique used for this

study is considered sensitive for concentrations of chlorinated hydro-

carbon pesticides in water of 10 parts per trillion or more. When the

quantity detected is less than 10 ppt, it is recorded as a "trace".



Soil samples were extracted using the same procedure as that
used by the Federal Water Pollution Control Administration (PVPCA) on Its
Klamath Basin Study with a different solvent. The solvent used for the
extractions for this study was made up of 25 percent acetone, 25 percent
ethyl ether, and 50 percent petroleum ether with the extraction being per-
formed four times on each sample. After extraction most of the samples
were passed through a florosil column. The analyses were made on the same

microcoalometric gas chromatographic equipment as that used for the water
samples. However, because of various interfering compounds present in the
soil extracts, thlophosphate pesticide determinations were not made on them.



Appendix B

BASIC DATA

This appendix contains the basic data used in preparing this

report. In addition to the results of the analyses for chlorinated

hydrocarbon pesticides, values are also given water temperature, electrical

conductivity (EC), pH, and flow, whenever available.
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