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ABSTRACT

The residual levels of chlorinated insecticides in several chemi-
cal and biological systems were studied. The area selected was one in
‘which a diverse ecology existed. The area was predominantly downwind
from an agricultural area. The farming operations had included the use
of relatively large amounts of extended residual life organochlorine
insecticides.

Soil insecticide levéls decrease 1ogafithmically ﬁith an increase
in downwind distance from the application area.

Ch}orinated insecticide levels in various animals including
deer, quail, mice, rabbits, snakes and rats were studied and related to
soil insecticide levels. In each group of animals studied there was a
proportional decrease in insecticide residue levels as soil residue
levels decreased.

It is apparent from this study that soil insecticide levels may
be used to monitor residual concentrations in animals. Conversely, the
residue levels in animals may be used to monitor soil residue levels.

The equations for soil - application distance and several
animal—soil systems curves have been célculated for this study area.

Based on the abové it may possibly be shown that with é single
analysis the levels of a contaminant may be predicted Within other

ecological systems.



INTRODUCTION

In the interceding years since the formulation of synthetic
pesticides, tremendous quantities have been applied to agricultural
créps.

A major portion of these millions of tons of pesticides are long
residual effect organochlorine compounds.

Recently, many people have been concerned with the effects due
to the accumulative properties of some pesticides. The effect on wild-
life systems which are subjected to some of the pesticides is also under
discussion.

The relative levels of pesticides in an ecosystem predominantly

.downwind from an application area were thought to be of interest.

" Another aspect would be the relative amounts of drift and accomulation
within soil, water and animal species of some of the organochlorine in-
secticides within the area. A further point of interest was the re-
lationship between the contaminant levels in soil and the contaminant

levels within various animal species from the study area.



REVIEW OF LITERATURE

Pesticides are usually applied to crops by spraying. These
sprays are subject to drift and may be subsequently deposited dovnwind.

Following deposition the pesticide residues are subject to the
factors of accumulation and degradation within soil, water, plant or
animal tissues. All of the above factors determine the ultimate fate of
pesticide residues in our enviropment.
| The following discusses the above factors. Pesticide drift from
agriculturél areas has been studied and documented by many people e.g.
(12,26,&3).

These papers are typified by that of Gerhardt and Wift (16].

. These investigators showed that pesticides can and do drift for long
distances, and their movements are regulated by particle size, wind
velocity and turbulence. For example,'a particle 2 microns in diameter
will drift up to 21 miles in a three-mile-per-hour wind (3).

Van Middelem (L40) in his review of the fate and persistence of
pesticides diécussed the volatilization of pesticides. By this process
it is possible for a pesticide to become airborne again after having
been initially precipitated. High temperatures and low humidity tend to
inecrease the amount of insecticide lost through volatilization.

Fleck (1L) showed that DDT can be degraded to 4,4'-dichlorobenzo-
phenone in the presence of air and ultraviolet light, under conditions
prevalent in Southern Arizona. In all probability much of the DDT
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3
transported through the air does not underg§ this degradation. Toxaphene
can be degraded by prolonged exposure to sunlight (27). Through this
mechanism the toxicity and accumulation of toxaphene in an area is
probably not of major concern.

Cohen and Pinkerton (10), Abbott, et al. (1), and Vheatly ‘and
Hardman (hh), have shown widespread distribution of pesticides can be
due to translocation of soil particles and subsequent fallout or rainout
in far removed areas. Cohen and Pinkerton specifically analyzed a dust
storm with a known origin and known deposition location. They found
significant quantities of several chlorinated insecficides, with DDT and
its metabolites being dominant.

Lichtenstein (21) and Edwards (13) have shown that after accumu-
lation in a given location has taken place, degradation is dependent
upon many variables. These variables include chemical and physical
‘properties of the soil, soil biota, organic matter, moisture, tempera-
ture, light intensity and formulation of the pesticide. This was in
part substantiated by Alexander (4) and others (6,9,20,25). These in-
vestigators found that microflora, such as some fungi, and microfauna,
such as some bacteria, are partly responsible for decomposition of accu-
mulated chlorinated hydrocarbons.

| Water solubility and‘movement within the soil-water system can
also play an important part in the persisience of a chlorinated insecti-
cide before it passes through the soil root area and enters the water
table (40). The solubility of DDT has been shown fy Biggar, Dutt and

Riggs (8) to be in the range of 1.7 ppb.
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Most surface waters contain residues of DDD rather than ﬁDT'(7).
The solubility of DDD is at least 14 ppb (42), much higher than DDT. At
the low solubility shown for DDT and DDD, little leaching of these insec-
ticides would be expected. Other chlorinated insecticides, such as
toxaphene, are soluble in water up to 50 ppm (18). These soluble insec-
ticides could pose a problem to the envirénment if allowed to reach the
water table. 1In the water table, the surface factors such as light,
biota, and high temperatures could not play their role in the decomposi-
tion to non-~toxic compounds.

Translocation of some chlorinated insecticides, once in the soil
system, have been shown by Lichtenstein (19) and some of his associates
(22,23). At the levels at which these authors worked, they nofed no
significant translocation of pp'~DDT to aerial portions of pea plants.
They did note franslocation of dieldrin and aldrin. Saha and McDonald
(33) from Canada found no relocation of endrin or aldrin in the grain of
wheat grown in treated soils, although.they did find translocation in the
stems and leaves. This is surprising because insecticides are normally
more soluble in oils than in water solutions, and the oil content of
seeds is about 20 times that of the leaf and stem tissues. Wheeler,
et al. (45) noted a two to sixfold incfease in dieldrin levels in plants
grown in quartz sand over those grown in loam soil. This can be readily
explaine@ by the tenacity of adsorption of insecticides by soil clays
and organic matter (LO).

It can be seen from the preceding that animals would be exposed

to pesticides in their environment. Thus, it is not surprising that




many investigators such as Turner (35) and others (11,17,32,41) have
shown various concentrations of chlorinated insécticides to be present
in wildlife and their environment. Within the environment there is a
continuous buildup within some species. West (42) reviewed many papers
pertaining to concentration of chlorinated insecticides within animals.
There is a good possibility that not only.is concentration important
because of high through-put, but also because of the inability of some‘
species to adequately metabolize chlorinated insecticides.

In summary it has been shown that chlorinated insecticides are
~transported, deposited and assimilated within the environment. With
assimilation, there is also concentration and metabolism to detoxify the

insecticides.



OBJECTIVE OF THE STUDY

From the preceding literature review it can be seen that insecti-
cide drift dﬁring application has been studiéd. During the drifting
‘certain chlorinated insecticides may break‘down into less toxic compounds.
Translocation énd deposition of adsorbed insecticides on soil particles
has been iﬂvestigated and proven.

Degradation within the soil system is also shown, along with
water solubility and plant system translocation of certain chlorinated
insecticides.

The levels of chlorinated insecticides have been reported in
many différent biological systeﬁs, among these are mammals, birds, fish,
and shellfish.

In all the literaturé survéyed there has been no indication of
any investigators studying an entire ecosystem with respect to the above
factors. With this in mind a study ecosystem was chosen that was
bordered on the upwind side by intensive agriculture, which in the recent
past used large quantities of DDT in its insect control program.

The area selected was the Santa-Rita Mountains in Southern
Arizona. The area is bounded on the east by State Highway 83, on the
south by State Highway 82, on the west by U. S. Higﬁway 89, and on the
north by Interstate 10.

Along the western, or upwind, boundary of the area is a narrow
zone of intensive agriculture paralleling U. S. Highway 89, almost the
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entire distance from Tucson to Nogales.

In this ecosystem under surveillance, it was postulated that
pesticide drift lévels can‘be predicted by the analysis of representative
. 801l samples. The soil insecticide levels may then be related to
different types of mammal, fish, reptile, and bird species, with vari- - -

‘ations dependent upon their relative abilities to metabolize the

pesticides.



EXPERIMENTAL DESIGH

The study ecosystem in the Santa Rita Mountains covers an area
of 670 square miles.

| Thirteen soil samples were selected, each to represent about 50
square miles (Table 1 and Fig. 1). It was thought that this sampling
frequency would give an indication of the relative distribution of
chlorinated insecticides present in the area. The samples were taken
with a sampling hoe at the soil surface to a depth of 1 cm and covering
an area of 0.1 square meters.

Within the area are three streams that flow continuously. Six
water grab samples were taken, their locations are shown in Table 1 and
Fig. 1. Three samples of water from the flowing streams were collected
(sites 5,9,12). Two samples of flood water were also taken (sites 6,11),
these were waters that had originated within the study area. The final ~
water sample collected was accumulated runoff (site 13).

Deer fat samples were collected at a local frozen food locker
during the past hunting season. The locations from which the animals
had been taken were established by telephone conversation with the
hunters (Table 1 and Fig. 1). Due to the feeding range of deer, the
locations are probably * six miles (10 km).

Rodents, with the use of museum snap traps, were collected
around the periphery of the study area (Table 1 and Fig.l). Collection
sites in the southern pértion of the area were washed out by a flood

8



Table 1. Location and identification of samples.
Site Sample
No. Composition Location Soil Type Tissue Type
1 . Soil NW 1/4 Sec 33 T 15S R14E Sand
Cottonrat " ) Liver
2 Soil SW 1/h Sec 8 T 17S RI4E Loam

Snake NW 1/4 Sec 18 T 17S R1LE Liver & Fat

Cottonrat NE 1/4 Sec 23 T 18S R13E Liver & Fat

Rabbit " Liver

Quail " Liver

3 Soil Sec 34 T 17S R14E Silt loam
4 Soil Sec 4 T 195 R1LE ° Sand

Pack rat . " Liver

Quail Sec 29 T 19S5 R1LE Liver

Mule deer " . , Fat

5 Soil NE 1/4 Sec 11 T 20S R14E Silt loam

Water " o

6 Soil NW 1/4 Sec T T 20S R13E Sand

Water "

Quail " Liver

Mouse " Liver

T Soil NE 1/4 Sec 21 T 225 R13E Sandy loam
8 Soil NW 1/4 Sec 2 T 24S R1UE Sandy loam
9 Soil SE cor Sec 15 T 225 R15E Sandy loam

Water "

Fish " Whole Fish
10 Soil NW cor Sec 21 T 21S R16E Sandy loam
11  Soil Cent. Sec 36 T 19S R16E Sandy loam

Water "

Deer T 20S R15E Fat

Quail Sec 10 T 19S R16E Liver

Mice Sec 22 T 19S R16E Liver
12  Soil Sec 14 T 18S R16E Sandy loam

Water o .

Mice " Liver

Rabbit " Fat

Deer - " Fat
13  Soil Sec T T 17S R16E Sand

Water "

Mice " Liver
1k Whitetail deer Sec 15 T 195 R15E ' Fat
15 Whitetail deer Sec 27 T 20S R1LE Fat
16 Mule deer - Sec 18 T 20S R1LE Fat
17T Mule deer Sec 35 T 21S R13E Fat

18 VWhitetail deer Sec 33 T 20S R15E Fat
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11
during the sampling program. Many species of rodents hibernate during
the winter when the samples were collected.

Quail and rabbit samples were collected by the usual hunting
technique during the quail season at the locations given in Table 1 and
fig. 1. The road to the southermost end .of the area was washed out and
hampered collection of quail and rébbits at that time.

There is only one stream in the area that supports small native
fish (Table 1 and Fig. 1). Two different species of fish were collected
at the site with the use of an aquatic insect net.

Flood waters forced some hibernating snakes from their nests and

two were collected in the agricultural area, site 2 (Table 1 and Fig. 1).



ANALYTICAYL PROCEDURES

Sampling, Extraction and Cleanup of Extracts

So0il samples. The soil samples were air dried in the laboratory

“and passed through a 2 mm sieve. The cheﬁical and physical properties
of the soils were détermined by the Soil and Water Testing Laboratory,
University of Arizona (Table 2). One hundred gm of the less than 2 mm
fraction was placed in a 43 x 123 mm preextracted Soxhlet thimble, and
refluxed for 24 hours with 300 ml of 1:1 (V/V) hexane and acetone (39).
The extract was transferred to a 2 1 separatory funnel and washed three
times with distilled water to remove the acetone and any polaf contami-
nants. The hexane extract was placed in‘a 250 ml beaker under a dry air
Jet on a warm water bath (35 - 40° C) and reduced to about 5 ml (36).

The concentrated éxtract was poured onto 20 gm of n-hexane prewetted (30)
60/100 mesh florisil in a 25 mm I.D. column that had been partially de-
activated by the addition of 2 ml of water. The pesticides weré then
eluted with 200 ml of 0.6:29.4:170 ethanol:ether:hexane. The eluate was
concentrated by evaporation to approximately 1.ml, in a 250 ml beaker as
described previously. The concentrated eluate was transferred quantita-
tively tb a known volume in a 5 ml graduated centrifuge tube. A measured
volume of microliters was injected into the gas chromatograph, described

later, for gualitative and quantitative identification.

Water samples. Chemical analysis of the water was done by the
Soil and VWater Testing Laboratory (Table 3). Two liters of sample

12




Table 2. Chemical and physical properties of soils.
Soluble Salts in Sat. Ext.
Site Soil pH 0.M. (1) mm hos/cm Total salts Na Ca Mg Sand Silt Clay
No. Type Paste % EC, x 103 meq meq meq meq % 5 %
1. Sand 7.8 L.70 IT .92 .2 AL .28 90 9 1
2 Loam 7.4 1.25 2.7 7.16 L.8 1.76 .6 36 s 19
3 Silt :
Loanm 6.6 .36 L1k .28 .2 .06 .02 25 61 1L
i Sand 6.6 .60 .2 .28 .1 .08 .1 98 1 1
5 Silt
Loam 8.1 5.02 .54 1.1k .6 .36 .18 17 T2 11
6 Sand T.7 .50 .31 .32 1 Ak .08 97 2 1
T Sandy .
~ Loam 7.5 k.92 1.75 2.20 .3 1.58 .32 60 35 5
8 Loamy '
Sand 6.9 5.98 .23 .68 .5 06 .12 7 16 7
9 Sandy .
Loam = 7.8 5.43 45 .60 .2 2h 16 61 32 T
10 Sandy
. Loam 7.4 6.63 .56 Lo A .26 .04 6k 28 8
11 Sandy ‘
Loam 7. 2.85 .93 1.16 A .54 .22 70 25 5
12 Loamy
Sand 7.9 1.01 .68 .8k .2 .52 .12 8L 15 1
13 Sand 8.0 1.11 iy .68 b 24 oL 96 "3 1
(1) 0.M. - organic matter
(2) meq =~ milliequivalents

€T



Table 3. Water

chemical analysis.

1k

(2) Not analyzed.
(3) Residue remaining following filtration.

Site Number 5 6 9 11 12 13
ppm
Soluble Salts 397 170 5k 132 542 350
Calcium 88 25 136 16 ok 37
Magnesium 12 L 28 - 6 15 2
Sodium 10 15 60 11 30 NA(2)
Chloride 12 8 16 12 2k NA
Sulfate 13k 28 266 L 1ok NA
Carbonate 2k 0 0 .0 T NA
Bicarbonate 117 88 kL 83 268 NA
Nitrate 0 2 3.8 0.5 0 NA
Ecx103 (1) 0.5 0.19 0.82 0.13 0.62 0.39
pH 8.8 7.9 7.3 T.2 8.1 8.8
% Solids (3) ‘ 0.8 0.3
' (1) Electrical conductivity - mhos/cm.
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water, and 100 ml each of methanol and n-hexane were poured into a 2 1
separatory funnel. The funnel was vigorously shaken for two minutes
after which the phases were allowed to separate. The water phase was
discarded, and the hexane phase washed twice -with distilled water, con-
centrated as previously described. The extract was transferred quanti-
tafively to a 5 ml centrifuge tube for further concentration to 0.2 ml.
Sampies containing suspended solids and coloring components were sub-
jected to the same column chromatography procedure as soil samples except
. only one-tenth the amount of florisil and eluent were used in an 8 mm
I.D. column.

Deer samples. The fat (5 gm) was extracted in a Lourdes omni-

mixer with a 50 ml microcup containing 35 ml of 1:1 n-hexane and ethanol
(28). The extract was transferred to a 250 ml separatory funnel and
washed three times with distilled water, discarding each time the water
phase. The separatory funnel containing the extract was chilled and the
saturated fats removed by quantitative filtration through prerinsed
Whatman #1 paper (5). The extract was next concentrated by evaporation
on a water bath to approximately 10 ml and partitioned four times with
10 ml of hexane-saturated acetonitrile in a 125 ml separatory funnel
(37). After each partitioning, the lower acetonitrile layer was added
to a 250 ml.separatory funnel containing 10 ml n~hex;£eAand 150 ml dis-
tilled water. On completion of the‘partitioning, the acetonitrile water
phase was discarded and the hexane phase rewashed with two additional

portions of water. The hexane layer was then subjected to column chroma-

tography exactly as described for the soil samples. The lipid content
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was determined by The Folch Method (15), by placing 200 mg deer fat tis-
sue in a buall "B" tissue grinder with 1:1 (V/V) chloroform:methanol,
with subsequent solvent evaporation being done in a 50° C oven overnight.
" The tared weighing vessel was then reweighed and the percent lipid

calculated.

Other animal samples. These samples were extracted with the

same technique as the deer samples, except 1:1:1 (V/V/V) hexane-diethyl
ether-ethanol was used. The chilled filtration step was deleted as was
‘the acetonitrile partitioning on non-fat samples.

An aliquot of the hexane-ether-alcohol extract was evaporated in

a tared vessel and the remaining lipid determined gravimetricallyv(z).

Analysis

Equipment and operating parameters. All the analyses were made

- using a MicroTek 220 Gas Chromatograph. Operating paramecters were as

follows:

Column Packing: 5% QF-1 on 80/100 mesh Gas Chrom Q

Pyrex Glass U-tube - 1/4" 0.D. x 6'

Temperatures:
Inlet -.230° C
Column - 180° C
Transfer - 238° C |
Detector - 203° C
Gas Flow:

Column - 100 ml/min Ny
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Tritium source detector at 23 volts DC
polarizing voltage
Recorder: Honeywell, 0--1 mv single channel
Several confirmatory analyses were made using a MicroTek 220
with a Dohrmann C-200 microcoulometer attached to the column exit to
.measure halogen specifically. The operating parameters for the work done
on the microcoulometer were as follows:
Column Packing: 10% Dow 11 (see reference 31) + 15% QF-1
on 60/80 mesh Chromasorb W
Pyrex Glass U-tube - 1/4" I.D. x 7"
Temperatures:
Inlet - 230° C
Oven - 222° C
Transfer - 230° C
C-200 inlet - 215° C
C-200 furnace - 825° C
Gas Flow:
.Column - 225 ml/min No
Sweep - 20 ml/min Np
Oxygen - 20 ml/min Op
Splitter: 500 parts to microcoulometer, 1 part to
tritium source electron capture detector
Bias Read: 120 mv
Titrating cell: T-300 (silver acetate solution)

Recorder: Dohrmann, Dual channel O-1 mv response.

.
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Pesticide Identification and Quantitation. A mixed known stan-

dard containing o, B, =ud y hexachlorocyclohexane, op' and pp' DDE, DDD,
DDT, and Dieldrin was injected and the resulting output peaks measured
- for both retention time and peak height between standard and unknown was
used for identification and quantitation respectively.

All solvents used, except ethanol, were redistilled in glass
prior to use. The 200-proof ethanol was used as received from U. S.
Industrial Chemicals.

Recovery standards and reagent blanks coinciding with each group
of samples were simultaneously processed.

Insecticides mentioned in this Thesis and their accepted chemical

neme:

Dieldrin - 1,2,3,4,10,10-hexachloro-6,T-epoxy-1,4,4a,5,6,
7,8,8a—octahyd;o—1,h—ggggpg§975,8—dimethano—
napthalene

a, B, y BHC - 1,2,3,4,5,6-hexachlorocyclohexane isomers

DDD - 2,2-bis(p-chlorophenyl)-1,1l-dichloroethane

DDT - 2,2-bis(p-chlorophenyl)-1,1,1-trichlorethane

DDE - 2,2-bis(p-chlorophenyl)=-1,1-dichloroethylene

Toxaphene -~ Octachloro camphene

DDA - 2,2-bis(p-chlorophenyl)-acetic acid

Aldrin - 1,2,3,4,10,10-hexachloro-1,k4,4a,5,8,8a~
hexahydro-1,4-endo-exo-5,8-dimethanonapthalene

Endrin . 1,2,3,4,10,10-hexachloro-6,T-epoxy-1,4,4a,5,6,

T,8,8a-octahydro-1,L-endo-endo-5,8-dimethano-

napthalene



RESULTS AND DISCUSSION

Soil Insecticide Levels. As can be seen in Table L and Fig. 2,

the proximity to agriculture affects the level of chlorinated insecticide
residues present in the soil. The farthe; downwind a sample site is from
an area of agricultural application, the lower the level of residue. The
equation of best fit for the points shown is y = 62680 x ~0.8hk ith y
'being the soil residue level variable and x the downwind distance vari-
‘able. "The correlation coefficient for the poin£s with respect to the
calculated curve is 0.325. The standard deviation of y given x is
T.255 ppb. |

Since the samples represent only the 0 to 1 cm depth from each
site, any removal by leaching of the insecticide cannot be estimated.
DDT and its metabolites DDD and DDE are nearly insoluble in water, i.e.,
1-15 parts per billioﬁ. Leaching thereforé should not be important in
the loss of these insecticides from the soil surface. Insecticides that
are more soluble in water, such as toxaphene (up to 50 ppb) would be af-
fectgd to a much greater extent. The amount of precipitation penetrating
the soil would control the residual levels of the more soluble compounds
at the surface. |

The average level of total DDT, excluding agricultural areas, is
approximately 50 ppb. This level would represent about 45,000 kg

(100,000 1bs) of DDT over the entire 1735 sq km (670 sq mi).
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Table L.

Chlorinated insecticide levels in soil samples from study area.

parts per billion

Site Total¥* Clay O.M.
No. Km (1) op'~-DDE_ pp'-DDE Diel. op'-DDT pp'-DDD _ pp'-DDT DDT opH % %

1 6.6 0.8 26 0.6 3.7 0.9 20 55.4 7.8 1 L.7

2 .01 200 1300 600 500 3800 6700 7.0 19 1.3

3 5 0.3 6 0.7 0.6 8.8 7.k 6.6 1k 0.4

L 8 0.7 11.5 1.3 0.4 27 k2.6 6.6 1 0.6

5 16 0.5 0.3 0.7 0.1 6.4 7.8 8.1 11 5.0

6 5 0.3 13 0.2 3.7 0.9 20 39.7 T.7 1 0.5

7 2 7 180 21 7 100 3k 7.5 5 k.9

8 13 1.5 T 1.3 6 0.9 13 29.8 6.9 T 6.0

9 24 2.6 0.6 3.2 9.6 15.8 7.8 7 o

10 29 0.4 7.5 1.1 5 0.6 11 25.7 7.k 8 6.6

11 Lo 0.3 1.1 0.3 1.0 2.6 5.2 .. 5 2.9

12 30 0.8 0.2 0.5 0.2 2.0 3.6 7.9 1.0

13 19 3.k 0.1 k.5 0.5 15 23.9 8.0 | 1 1.1

(1) Km - distance upwind to cotton field.

¥Total DDT = DDT + 1.11L4 (DDE + DDD).

0¢
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There are approximately 9,000 to 13,600 kg (20,000 to 30,000 1lbs)
of insecticide applied annually on the western edge of the area, pre-
dominantly DDT and toxaphene. Therefore, there is either an annual .ac-
cumulation from drift or a deposition during rainfall and duststorms
from other areas. It is likely that both are contributors to the general
soil residual levels.

The bulk of insecticides are applied in the months of July and
August. In the morning application hours the wind velocity averages 5
to 8 km/hour (3 to 5 mi/hour) from the south, but in the afternoon the
wind direction is primarily from the northwest at a rate 6f 19 to 21
km/hour (12 to 13 mi/hour). Spray drift would therefore tend to go
north in the morning and southeast in the afternoon. Due to tﬁe in-
creased velocity in the afternoon, the net result would be drift to the
southeast from the application area.

A silt loam sample from site number three appeared to have a
lower level of insecticide than a sandy soil sample (site No. 4) taken
-8 km (five miles) south and both about equidistant from cotton fields.
The best explanation seems to be due to the level of soil clay. Some
chlorinated insecticides are known to be irreversibly bound to the soil
clay fraction and not extractable with the mixed hexané-acetone systeh
(30). |

The bulk of the soils represented was quite sandy with little
clay and would probably indicate near actual levels. In Arizona in
1967, an average of 2.3 kg of DDT was applied per hectare of cotton

(2 1bs/acre). When calculated to the sample size collected for this
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thesis, it would represent about 8.5 pém total DDT. In the soil sample
from site two, in the center of a cottonfield, a.level of 6.7 ppm was
reporfed. The difference between 8.5 ppm applied and 6.7 ppm analyzed
-is well within reasonable experimental error.

Toxaphene is difficult to analyze due to its multiple component
‘composition, and low response to detection by electron capture. In most
of the soil samples analyzed, a peak that corresponds to a major peak in
toxaphene appeared in the chromatogram but positive identification was
not made.

- In several soils dieldrin was reported as being present. Diel=
drin is normally not applied to agricultural crops in Arizona, but the
retention time and peak characteristic did correspond to dieldrin. It
is possible that a degradation pfoduct of toxaphene could correspond to
dieldrin under the particular column parameters used for this analysis.
Figs. 3 and b show typical results obtained when both microcoulometric
and electron capture detection were employed simultaneously on the same
soil sample. |

Microconlometric detection is a means of automatically titrating
halogen ions specifically. After silver ions are precipitated by halo-
gens, the amount of current necessary to regenerate the solution is
anmplified and récorded.

Electron capture detection uses a tritium séurce for Beta par-
ticle radiation; The relative number of Beta particles absorbed by a

compound is reflected in a standing current reduction which is amplified

and recorded.
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Deer peri-renal fat. Seven deer fat samples were analyzed from

the area and tabulated in Table 5. Three from desert mule deer (Odocoi-

leus hemionus crooki) and four from whitetail deer (Odocoileus virginianus

cousei).

Table 5. Deer peri-renal fat chlorinated insecticide levels from study

area.
parts per billion lipid Soil Levels
Site % vp' op' pp' pp' Total*  Total DDT
Species  No. Lipid DDE DDT DDD DDT Diel. DDT ppb
Mule L 88 22 7 9 8 6 122 39
16 T2 18 T 13 61 6 103 28
17 91 1y 6 8 28 3 62 10
Vhitetail 11 100 > 1 4 22 3 29 5.5
1k 93  h Ly 12 41 L 63 1k
15 99 T 3 9 68 3 89 25
18 99 3 L 6 29 2 L3 T4

¥Total DDT = DDT + 1.114 (DDE + DDD).

Fig. 5 shows the level of contained £ota1 DDT in deer fat plotted
against the soil total DDT levels determined from the theoretical curve
- found in Fig; 2. The equation for the curve is y = 2.5997 x + 25.128,
with y representing the deer fat residue levels and x representing the
soll residue 1evéls. The linear correlation coefficient between deer
fat DDT residues and DDT residues in the soil is 0.9787. The mean
residue level is 73.0 ppb and the standard deviation from the mean 30.Tk

ppb.
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In this study only male animals were included as the metabblic
differences due to sex are not known.

The correlation between deer fat levels and soil levels of in-
secticide residues is quite good even though the range of the animals
may be several kilometers.

The two species sampled eat browse and grass, and apparently
little concentration of insecticides occurs. The mule deer reside on
the side of the area closest to agriculture and the whitetail are pri-
marily on the side farthest from crop lands.

Quail Liver. The majority of the 1l quail were collected in two
non-agricultural areas (Table 6). Arizona quail are non-migratory,
having a total range of only one km (0.6 mi) (29). With such a limited
range, they should be representative of the local area.

Two Gambel quail (Lophortyx gambelii gambel) collected in agri-

cultural areas (sites 2 and 6) had the highest chlorinated insecticide
residue levels of any of the animals collected. Their current diet as
determined from the contents of their crops consisted mostly of weed
seeds common to the site., The Gambel guail collected at.site 4 had been

eating primarily catclaw (Acacia greggii) seed.

The Mearn quail (Cyrtonym montezumae) from site 11 had been eat-

ing mostly roots and bulbs from the proximity, and had slightly higher
levels of chlorinated insecticide residues than would be expected from
the soil level analyses. This could be explained by the fact that their

diet of roots and bulbs would have soil particles adhering to the

surface.
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Table 6. Study area. Quail liver pesticide levels.
Site ppmn lipid basis Soil levels
No. % Lipid pp' -DDE pp'-DDD Total DDT* Total DDT ppb
2 4.2 57 0.9 65 6700
L 3.5 18 20 23
3.5 1k 16 "
3.5 14 16 "
3.9 7 19 "
3.4 20 22 "
3.8 16 18 "
k.0 12.5 1k "
6 5.3 U 0.6 53 87
11 2.4 28 31 7.6
5.0 9 10 "
3.9 15 17 "
3.8 13 1k ) .
L2 18 20 "

¥Total DDT = DDT + 1.114 (DDE + DDD)
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As previously noted, DDT probably does not concentfate into seed
oils which constitute the Gambel quails' primary food source.

Fig. 6 shows the curve plotting liver lipid DDT levels in quail
against soil DDT levels. The equation for the curve is y = 0.Lk261x +
11.391 with y being the liver residue levels and x the soil residue
levels.

In spite of the difference in species and diets, the quail liver
levels had a correlation coefficient of 0.7588. The mean level was 21.3
and the standard deviation 13.3 from the mean. Quail apparently are not
as metabolically active on chlorinated hydrocarbons as other animals and
tend to store larger quantities in their livers.

Whitefooted Mice Liver. Whitefooted mice (Peromyscus sp.) occur

in most all geographical areas of the world and are plentiful in the
Santa Rita afea.

Twelve mice, (g, eremicus and P. miniculatus) were collected by
trapping. The DDE content of their liver tissue is tabulatéd in Table T.

Fig. T shows a plot of the liver DDT residue levels against soil
DDT residue levels. The equation for the curve is y = 0.2403x + 0.L461
with y representing the liver residue levels and x representing the soil
residue levels. The linear correlation coefficient for the curve is
0.9937 with a mean of 3.10 ppm and a standard deviation of 5.30.

The diet of whitefooted mice is varied and includes seeds and
grasses as staples. The total range of the animals is usually less than

100 m (328 ft) radius (29), and the mice are therefore good indicators

of insecticide residue levels.
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Table 7. Study area. Whitefooted mice liver chlorinated insecticide

levels.
Site ppm‘lipid basis Soil levels
No. Sex % Lipid DDE DDD Total DDT ppb
6 F k.5 20.5 - 0.2 | 39.7
11 F 3.6 0.8 ' 5.2
M 3.4 0.4 "
M 4.2 0.1k "
12 M 2.9 1.7 , 3.6
F 3.2 1.6 "
M 3.1 1.1 "
F 3.0 2.3 "
13 F ' 2.7 2.0 23.9
M kb 2.9 "
F L. 1.6 "
M 5.; 2.2 "

Total DDT = DDT + 1.11l4 (DDE + DDD)
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Other Animals Represented. Two cotton rats (Sigmodon hispidus)

were collected (Table 8). One was found drowned the morning after a
flood, and the other was trapped. The animal from site No. 2 was much
higher in total pesticides than the animal from site No.'l, as expected
from the soil levels. The cotton rat diet consists primarily of grass,
weed leaves and seeds. The levels were similar to those found in rabbits
from like areas listed in the ne#t paragraph. The difference in levels
between ppm lipid in liver and fat samples in rats is not known at this
time. In human adipose and liver samples, the liver levels are about
80% of adipose expressed on a ppm lipid basis (3k%).

Two cottontail rabbits (Sylvilagus auduboni) were collected from

vastly different areas. The animal collected near site No. 12.had levels
similar to the deer of the entire area. The animal collected near site
No. 2 was as high as the cotton rat from site No. 2 previously mentioned.
Originating in an agricultural area, the animal most probably ate plants
that had been sprayed directly for insect control.

Two bull snakes (Pituophis melanoleucus) were collected and ana-

lyzed. It'was expected that the levels in thege reptiles would be ex-
tremely high; however, this was not the case. In the only snake liver
analyzed there was an unexpectedly high level of dieldrin. An explana-
tion for this may be that dieldrin has been used around the farm build-
ings for rodent control, and the snake had ingested a rodent with high
levels of dieldrin. Most reptile food would contain epoxides such as

dieldrin and metabolized DDT such as DDD or DDE rather than primary

products.



Table 8. Other animal sample chlorinated insecticide levels.

Soil levels

Site pom lipid basis
No. Genus Tissue % Lipid DDE Diel. DDD DDT Total DDT total DDT pob
1 Sigmodon Liver 3.0 1.2 0.9 1.0 3.k 55.L4
2  Sigmodon Liver 6.9 0.9 2.9 10.0 13.9 6700
fat TT 0.07 3.5 3.6 6700
2 Sylvilagus Liver 2.2' 9.1 1.8 0.5 10.7 6700
12 Sylvilagus Fat 65 0.082 0.008 0.034 0.13 6.9
2 Pituophis Liver 2.4 5.5 7.1 6.3 6700
| Fat 96 7.8  0.02 0.05 1.2 10.0
Pituophis Fat 95 9.0 0.06 0.05 1.7 11.7
b Neotoma Liver 2.2 0.11 0.13 h2.6
9 Rhinicthyus  VWhole Fish 7.5 5.4 5.8
Pautosteus Whole Fish 3.0 0.25 0.29

Total DDT = DDT + 1.114 (DDE + DDD)
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A packrat (Neotoma albigula) collected from site No. 4 had in-

secticide levels approximately the same as deer. This is readily ex-
plained by the fact that packrats eat mostly succulent cactus and grass,
a very similar diet to deer. They have a very limited travel range of
about 30 m (100 ft) or less in their lifespan.

Two adult fish, speckled dace (Rhinicthyus osculus) and Gila

sucker (Pantosteus clarki) were netted in Sonoita Creek, site No. 9.

The insecticide levels in the two fish were quite different. The
speckled dace is omnivorous and feeds on insects and algae. The Gila
sucker is a bottom-feeding fish and subsists mostly on dead and decom-
posing organic matter (2L4). The site was downstream from the Patagonia )
sevage treatment plant, but the levels in the water and fish do not in-
dicate significant quantities of insecticides in the water from wide-
spread local use.

Water Pesticide Levels. The levels of pesticides in the water

-samples as shown in Table 9 were extremely low.

The.quantity of chlorinated insecticides was not sufficiently
large in any case to be confirmed on the microcoulometer. The peaks that
were obtained by electron capture detection corresponded exactly to the
standards, but there may be some doubt as to the actual identity. There
were many unidentified peaks in each water sample. Many of these peaks
could be atiributed to hydrocarbons deposited by rainfall from volatile

products present in the atmosphere.

7
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Table 9. Water sample analyses from study area.

Site parts per trillion

No. pH % solids op'-DDE____pp'-DDE___ pp'DDT Total DDT
5 - 8.8 0.3 : 1.8 2.4
6 7.9 0.8 ' o0a 1.2 1.3
9 7.3 | | o 0.8 0.8
11 7.2 0.3 0.05 0.8 1.7 2.7
12 - 8.1 | | 0.8 0.8

13 0.2 - 2.k 2.6

Total DDT = DDT + 1.114 (DDE + DDD)



SUMMARY AND CONCLUSIONS

Chlorinated insecticide residue levels in soils downwind from
an application area decrease logarithmically as the distance from the
area of application increases. Levels of organochlorine residues in
the agricultural area studied are about 7 ppm. The levels decreased as
the distance increased to about 8 ppb at 40 km. As expected the ﬁet
- wind direction influences the ultimate deposition area with regard to
particle settling.

Chlorinated insecticide residue levels in animals within the
area vary widely, but all are directly proportional to the soil residue
levels. The residue levels within deer fat averaged T3 ppb, with a
range of 29 to 122 ppb. The mean residue levéls in quail livérs were
21.3 ppm (1ipid basis) with a range of 10 to 65 ppm. Whitefooted mice
livers contained an average of 3.10 ppm chlorinated insecticides, with
a range of 0.1h4 to 20.5 ppm, also on a lipid basis.

The high residue levels present in quail and mice are either due
td inability of the animal to efficiently metabolize the insecticides or
due to good liver storage capabilities for chlorinatéd insecticides.

Water analyses for insecticide residues would require large
samples to effectively quantitate residue levels., A further point to
investigate woula be the residue levels of the suspended materials with

regard to solubility within the water and extraction efficiency from

the mixed system.

38
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Other animal species tissues within the area may follow the same
trénd of linearity with respect to soil levels as do the largest groups
of animals sampled. This would depend upon the relative storage or
metabolic capabilities and the dietary habits of the individuals.

From this study it is apparent that‘soil insecticide residue
levels are directly proportional to insecficidé residue levels in
various animals.

Representative analyses.should be made to further extend the
analytical levels. Analytical manipulation may vary the slope of the
curves, but a linear relationship could still exist for most soil-animal
systems.

Further study oﬁ the proportionality of insecticide reéidues in
soil-animal systems should be conducted.

It is highly likely that with a single representative sample,
whether it is an animal or a soil froﬁ a given area, the contained con-
taminating residue levélé in other ecological systems froﬁ the same area
could be predicted with reasonable accuracy. It is also possible that
residual levels in other areas may be calculated, knowing the amounts of

contaminants being applied and the meteorological conditions pertinent

to that area.
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