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clearly evident in the data developed in the small plot studies; however, there 
does appear to be a well defined decline. Seasonal variation in soil character­
istics affecting the soil sampling program and uneven distribution of the chemi­
cal have contributed to a good deal of scatter in the analytical values result­
ing from these tests. 

Results of surface applications of the waste material at rates varying from 
100-500 lbs/acre 2,4-D equivalent are illustrated in Figures 4 and 5. These data 
indicate a clearly apparent degradation of the 2,4-D and dichlorophenol fractions 
over an interval of more than 600 days. Scatter in the DCP data at the 500 lb. 
dosage was extreme and, although an attempt was made to fit a line, it is of 
doubtful validity. The best that can be said of this data is that there is an 
apparent decline. other than this discrepancy, all dosages and both fractions 
indicate a rather clear degradation which is apparently dosage independant with­
in the dosage ranges employed. Similar observations have been reported in agri­
cultural usages of herbicides where, of course, dosages were much lower. It 
would appear likely that within some as yet unattained dosage threshold, once 
microbiological activity has become adjusted for presence of the waste, that rate 
of degradation approximates first-order kinetics and, thus, is independant of the 
concentration of material present. 

Because of concern for the possibility of removal of the waste material on 
windblown particles, small plot experiments were set up to determine the effects 
of covering the surface of the soil with black plastic. Results of these experi­
ments are illustrated in Figures 6 through 9, where waste was applied at the rate 
of 100 and 500 lbs/acre 2,4-D equivalent, and immediately covered with a black 
polyethylene film. Throughout the more than 600 day interval of observation, it 
was noted that not only did the plastic prevent particulate removal, but also 
that the volatile component so readily detectable on the 500 lb/acre plots not 
covered, was not detectable as an odor above these plastic covered plots. 
Additionally, the plastic served as an effective moisture barrier so that the 
soil surface remained relatively moist throughout the interval of exposure in 
contrast to the very dry state of the soil during the hot, arid portions of the 
year in the surrounding terrain. Although the plastic was beneficial in terms 
of limiting removal of the waste chemical from the soil surface, the data as 
summarized in the accompanying figures indicate little, if any, advantage in terms 
of acceleration in rate of degradation. This approach may also be valuable as a 
means of preventing surface run-off during intervals of high rainfall and might 
be considered as an option in planning other chemical waste biodegradation pro­
jects where higher rainfall may be an important consideration. 

As a more practical and less expensive alternative to the plastic cover in 
controlling airborne transport of waste material, studies were initiated on the 
effects of application of the waste in trenches approximately 10" below the 
ground and set on two-foot intervals. The results of this series of experiments 
are summarized in Figures 10 through 13. It was considered that these trenched 
plots would essentially simulate subsurface injection of material as a practical 
scale operation. The net effect of the application differs from surface applica­
tions in that the material is concentrated in bands approximately 5" wide, instead 
of being more or less uniformly distributed across the surface of the plot. Thus, 
where applications of 100 and 500 lbs/acre 2,4-D equivalent were made in 5" bands 
on two-foot centers, the actual concentration of material within these bands was 
approximately five times that of the surface application. Samples taken between 
trenches and in soil profile segments from the surface down through the point of 
application, indicate minimal vertical and horizontal movement of the agent from 
the site of initial deposition. 
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Under these conditions, with a relatively high concentration at a depth of 
about 10" beneath the surface of the soil, it was encouraging to note relatively 
little difference in the rates of degradation in the trenched plots and the sur­
face applications. In Figure 13, the DCP degradation rates at 500 lbs/acre 2,4-D 
equivalent are badly scattered for both the trenched and the surface applications. 
Apparently, however, the averaging effect of determining concentration in terms 
of ppm per unit inch of soil profile still reflects a very high concentration of 
DCP at the 6-12" segment of the soil profile. The rather sizable variability in 
analytical data preclude a more detailed analysis of this difference. In any 
case, values beyond 300 days indicate that there was marked diminution in dichloro­
phenol in samples drawn within the trenches. 

In addition to analyzing the soil samples for concentrations of 2,4-D and 
chlorophenol, a microbiological examination of these same samples from small 
plots was also conducted. Cultures were made on media at both pH7 and pHlO, 
and in addition to plate counts, notation was also made of the relative numbers 
of bacteria, actinomycetes, nocardial organisms and fungi. Plate counts at both 
pH7 and pHlO indicated both seasonal effects and possibly an effect of the waste 
material on nunbers of organisms. Relative quantities of the groups of micro­
organisms did not vary enough to indicate any major qualitative shifts in the 
population following introduction of the waste chemical. 

SUBSURFACE INJECTION 

The final series of tests covered by this report deal with 1/8 acre pilot 
scale subsurface injection plots. Two plots were applied by means of tractor­
drawn equipment utilizing a conventional agricultural subsoiler consisting of 
a vertical blade on which a chisel, or foot, was mounted at an angle of approxi­
mately 15° from horizontal. A piece of metal tubing was attached to the blade 
which terminated at the base of the chisel in such a manner that a piece of hose 
from the injection pump could be inserted to permit depositioo of the pesticide 
immediately behind the chisel. The equipment, with two injectors, was calibrated 
and application at 250 lbs/acre equivalent of 2,4-D was made on one-foot and on 
two-foot centers in the two plots. 

During the process of application the overlying vegetative structure of 
greasewood was to all intents and purposes destroyed. The soil structure itself, 
to a depth of approximately 12", was drastically altered; particularly on the 
plot having one-foot centers. Roughness of terrain tended to cause conside.rable 
variation in the depths at which the waste chemical was injected, and in a few 
instances, material appeared on the surface. 

Data derived from samples taken from these plots are summarized in Figures 
14 and 15. Because of the extent by which the soil was broken up, waste distri­
bution and sample variation was very large and the analytical data exhibit con­
siderable scatter. There is, however, strong evidence of a decline in concen­
trations within the 480 day period under report for both the plots. 

These applications were made in the late summer, and during the fall and 
winter the odor of phenolic volatiles was not readily detected. It was apparent, 
however, the following year that during the high temperature extremes, that the 
broken soil structure was permiting escape of some of the volatile phenolic 
components. Removal of the vegetative structure during the process of applica­
tion created concern as to possibility of wind erosion. However, during the 
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Sunmler and fall following treatment, effects of erosion were not observed in any 
appreciable degree. Broken remnants of the greasewood shrubs which remained im­
bedded at the soil surface may have contributed to this. Observations continue 
on these subsurface injection plots as well as other,more extensive treatments 
which have been conducted during the fall of 1971. 

HERBICIDAL EFFECTS 

Early in the development of this program, it was determined that both sage­
brush and greasewood were susceptible to the waste material used as an herbicide. 
Subsequent to these observations, and very late in the growing season of 1970, 
a total of 16 acres of typical greasewood-sagebrush vegetation was treated at 
rates of 4, 8 and 16 lbs 2,4-D equivalent per acre. Normal applications of 2,4-D 
alone, for this purpose in eastern Oregon, range from approximately 2 lbs to 
6 lbs/acre. Results of these applications, when they became completely evident 
the following spring, indicate a very high level of control of the greasewood at 
all rates of application and a useful level of control of the sagebrush species 
present. More importantly, the native grasses present survived without apparent 
effect. Reduction in competition from the undesirable rangeland shrubs charac­
teristically results in stimulation in growth of bunch grass and other desirable 
range grasses. During the spring of 1972, these plots, as well as approximately 
10 acres of land subject to subsurface injections, will be seeded with test 
varieties of range grasses to estimate the effects of these treatments upon 
productivity. 
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Management of Spent Pesticide Containers 

FIG. 16. The Problem: Uncontrolled dump sites used for 
spent pesticide containers. 

Pesticidal chemicals will continue to be widely used and accepted as an 
integral part of this nation's food and fibre production complex. It has been 
estimated that, nationally, about a billion pounds of pesticidally-active ingredi­
ents were sold in 1970, resulting in the use of about 130 million containers. 
Because of the construction of the openings in most containers for liquids, 
significant quantities of concentrate are left behind in the containers after 
use. Field rinsing with the formulated pesticide and addition of the rinse to 
the spray tank will materially reduce this residue. Unfortunately, even the 
residue from field rinsing may be too large for conventional means of container 
disposal. 

These containers, varying in size from 1-pint to 55-gallon capacities are 
now buried, crushed or discarded in a variety of hazardous and unsatisfactory 
ways (Fig. 16). This practice constitutes a multiple loss; for not only is the 
steel or other material in the container (weighing up to 35 pounds) lost to 
reuse, but the once useful contents are free to leach into and contaminate the 
soil and groundwater at innumerable unsupervised disposal sites. 

About two years ago, through the action of the Agricultural Chemicals Com­
mittee of Klamath County, a cooperative effort to collect and manage these con­
tainers was initiated involving Klamath County and Oregon State University's 
Environmental Health Science Center, and the Pesticide Management Facility at 
Merrill, Oregon was brought into existence. 
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FIG. 19. Portion of Storage Area, Merrill, Oregon Container Site. 

The immediate objective of this facility has been to provide for secure 
storage of pesticide materials and containers in quantities sufficient to deter­
mine processing requirements necessary to prepare containers for recycling for 
reuse as containers or scrap or for disposal by other acceptable means. Figure 17 
shows a general layout of the facility, with the container storage area, service 
buildings, and concrete processing area slab, all located within a climb-proof 
fence. A detail of the container stacking mode used is also shown, while a pic­
ture of a portion of the storage area is shown as in Figure 19. Figure 18 shows 
a larger-scale detail of the processing area arrangement. 

Monitoring of air and ground water is considered essential to insure secur­
ity of ground water and to detect the presence of pesticide fractions in the air. 

To establish background information on pesticide content of the ground water 
at the Management Facility and to provide continuous monitoring of this parameter, 
3-inch diameter test holes were augered and cased. Base level data have been 
obtained, and it is intended that ground water samples will be taken on a regular 
basis as a check on integrity of the site. 

Samples were taken prior to any container treatment activity at the site as 
a means of providing an indication of background levels of pesticide content 
in the ground water under the site. 

Results of this background level survey indicate a pesticide concentration 
of zero directly under the center of the storage area ranging to 0.038 ppm 2,4-D 
at the south and southwest test wells and to a maximum of 0.053 ppm 2,4-D at the 
northwest test well. 
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It may be significant that the highest indicated concentration occurred 
immediately adjacent to the Klamath County dump where solid waste has been buried 
for a nwrber of years. However, these concentrations are so very small that the 
reliability of the results as indicators of 2, 4-D content of the ground water, 
from whatever source, is questioned since it is possible that such minute con­
centrations could result from sampling equipment contamination from other work 
in progress. 

Air sampling has been initiated by mounting a 24" X 24" X l" glasswool 
filter on the fence on each of the four sides of the site and one control collec­
tor approximately 1/2 mile from the site. Removal and laboratory testing of 
the filter materials for volatiles and other pesticide fractions will be done 
on a regular basis. 

Some alternatives considered for the operation of a pesticide container 
management facility such as the one at Merrill were: 

1. Complete processing at each management facility. 

2. Preprocessing to a safe level at the facility with subsequent movement of 
the containers to a central, perhaps regional, facility for further process­
ing to a level necessary for reuse or safe disposal through more conventional 
channels. 

3. A mobile container-processing unit, moving fran management facility to 
management facility with specialized equipment mounted on a trailer or 
trailers, which would have the capability of cleaning containers to residual 
levels necessary for reuse, reprocessing or safe disposal. 

Because of the large investment necessary for commercial-type container 
reconditioning and cleaning equipment and the intermittent nature of the operation 
contemplated at typical management facilities of this type, it was decided in 
this preliminary stage of operation, to hold major equipment purchases to a 
minimum, acquiring or building needed equipment as determined by initial operations. 

The general categories of operations contemplated at the facility are: 

Mechanical - Including abrading of residuals from interior surfaces by 
means of drum rotaters in combination with chains introduced through the bung holes. 

Chemical - Including submergence in solutions at ambient or elevated temper­
ature, stripping of residual contents by caustic and other chemical solutions, and 
other means. 

Mechanical-Chemical Combinations - Including hot steam-chemical solutions 
introduced by jet action into the interior, agitation while submerged, and other 
possible combinations of the preceding categories. 

In order to design a process line which would be capable of performing all 
of the functions necessary to render containers reuseable as containers or scrap, 
or at least permit their release from the management facility as non-hazardous 
solid waste, a survey was made of various barrel and drum reconditioning equip­
ment, and several commercial reconditioning facilities were visited. 
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Unit processes utilized by the barrel and drum reconditioning industry have 
been modified and incorporated into a pilot process line which will be used to 
clean containers to acceptable residual levels. Reduction of residuals in con­
tainers to acceptable levels have been initially attempted without opening the 
containers. Cleaning operations by mechanical and chemical means are performed 
through the existing bungs in the same manner .that the container reconditioning 
industry performs these operations. Processed containers are so sampled so that 
the cleaning effectiveness of various combinations of agents may be accurately 
evaluated. 

Current pilot process line sequences include combinations of the following 
unit operations: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Submerge - Place containers in submerger containing water or solutions at 
ambient or elevated temperatures for varying lengths of time required to 
clean with varying types and concentrations of solutions. 

Chainer - Introduce chains through bung hole and rotate containers on 
chainer device for physical abrading and removal of internal deposits. 

Internal Flush, Rinse, Stearn - Subject interior surfaces to high pressure 
flushing with various combinations of water, steam, and solutions at both 
ambient and elevated temperatures. 

Internal Spray Rinse - Place container bung hole over single high pressure 
nozzle and impinge spray on all surfaces. 

Internal Visual Inspection - Determine amount of contents and condition 
of internal container surfaces, using quantitative as well as qualitative 
evaluation techniques both before and after processing. 

Drain - Empty existing contents or that remaining after submergence. 

Open Containers - Expose interior surfaces for careful evaluation of con­
dition both before and after processing. 

Sampling for Residuals - This operation will include sampling of surfaces 
for exhaustive laboratory examination as an evaluation of process effect­
iveness. 

Location of these unit operations in relation to one another are sh01<1n in 
Figure 18. 

Off-site completion of "open-ended" processes: 

9. Transport to further processing or reuse as containers. 

10. Recycle as scrap. 

11. Incorporate into sanitary landfill. 

The sequences of unit operations are developed to allc,,,.r tests for the most 
effective coirbinations of actions for each type of container and group of pesti­
cides. 
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FIG. 20. Opened container showing rust and aged residues. 
Metal sample segment used for analysis appears on right. 

A series of pilot tests designed to evaluate relative cleaning effective­
ness of cleaning solutions have been completed on a number of standard-sized 
representative pieces cut from tops and bottoms of containers "spiked" in a 
uniform manner (Fig. 20). A commercial formulation of 2,4-D ester was chosen 
as a representative class of chemical and metal samples were taken from "spiked", 
aged 2,4-D containers. Solutions of: 5% heavy duty detergent; 5 % tri-sodium 
phosphate; 1% caustic soda, and; Oakite industrial rust remover were applied to 
metal samples at an ambient temperature of about 20°C. and at 82°C. 

Preliminary analytical data from extracts of the 2,4-D container metal 
indicate pesticide residuals in samples treated at ambient temperature to be 
three to ten times as high as those treated at the elevated temperature. 

The cleaning effectiveness of the various solutions was not found to vary 
greatly from one solution to another, even at elevated temperature, except that 
the residual in samples treated with detergent was about two to three times 
that remaining after treatment with the other three solutions. More studies 
on relative effectiveness of cleaning solutions are p lanned in whole cans rather 
than in metal segments. 

A second series of pilot tests was run on "spiked" 2, 4-D containers to 
analyze only the relative cleaning effectiveness of individual unit operations. 

These operations, whose sequence and effects are summarized in Table 3, 
are described as follows: 

1. Raw Can - An aged 2,4-D ester spent 5-gallon container. 
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2. Spike - Add 1/2 gallon agricultural chemical to can. Rotate to cover all 
interior surfaces then pour back into measurer, draining as completely as 
possible. Record amount remaining in can. Make up material in measurer 
to 1/2 gallon and repeat on next can until all have been treated. 

3. Rinse - Rinse each can with 1 gallon of water two times. Discard rinse 
water each time into a selected storage drum. Rinse exterior with hose. 

4. Drain - Empty contents or that remaining after previous processing. 

5. Submerge - Completely submerge all surfaces of can in plain water at 
ambient air temperature. Time: 1 hour. 

6. Steam - Inject steam into can through bung hole attempting to reach all 
surfaces. Time: 1 minute. 

7. Chainer - Rotate can on chainer with 5 ft. length of chain for 5-gallon 
drums. Time: 10 minutes each axis. 

8. Jet-Rinse - Place can bung hole over single nozzle and impinge spray on 
all interior surfaces at about 100 psi and 25 gpm. Time: l minute. 

9. Sample - Expose and inspect interior surfaces. Cut three standard wedges 
from top and three from bottan of can. 

Results indicate the greatest reduction in residual pesticides occurred 
during the Sequence H, which included all unit operations. HCMever, this 
reduction was not sufficiently greater than those achieved through jet-rinsing 
or steam and jet-rinsing spiked cans. This may warrant the conclusion that 
the full combination of all units was really no more effective than some of 
the shorter sequences. Some deductions may be made as to the relative effect­
iveness of the individual units; however, additional studies must be conducted 
before full evaluation can be made. Preliminary cbservations involving only 
two sets of samples from two cans reported under Sequence c, indicate a very 
high order of effectiveness associated with one hour of submergence and drain­
age. Sequence D indicates steam to be effective in a similar order of magni­
tude. The effects of chaining need additional studies since this unit operation 
needs to be combined with a rinse or a submergence, foll<:Med by draining in 
order to completely assess it's relative effectiveness. Under the conditions 
of Sequence F, the jet rinse alone, appears about as effective as Sequence H, 
which includes all unit operations. Steam plus the jet rinse, illustrated in 
Sequence G, shows a higher average than either For H. However, in all prob­
ability, all three of these sequences produced somewhat similar results when 
the relatively small nwrbers of samples and the aioount of variation in analyt­
ical data between can samples are considered. The rather large variations 
appearing in Sequences A through E, may be the result of sample metal being 
taken from a portion of the can where aged residues had accumulated in storage. 

Extrapolation from the mean pesticide residuals in Sequences G and H, 
indicate a reduction to 1-2 gms of pesticide per 5-gallon container, using 
steam or jet rinse, or a cont>ination of all units, but without any specific 
chemicals or cleaning agents. 
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Table 3. 

Summary: Cleaning Effect of Unit Operations in Experimental Sequences. 

Unit Operation 

Raw can 
Drain 
Spike 
Rinse 
Drain 
Submerge 
Drain 
Steam 
Chain 
Jet Rinse 
Drain 
Sample 

mg 2,4-D 
Residual 
Per can 
Sample 

X 

A 

X 

X 

X 

A 

722 
207 
145 
178 
472 
246 
307 
325 

325 

Sequence of Unit Operations Performed 
B C D E F 

X 

X 

X 
X 

X 

X 

B 

737 
393 
863 

664 

X 

X 

X 

X 
X 

X 
X 

X 

C 

129 
55 

92 

X 
X 

X 

X 
X 

X 

X 

X 

D 

142 
308 

95 
28 
37 

122 

X 
X 
X 
X 

X 

X 

X 
X 

E 

134 
454 
186 
331 

76 

236 

X 

X 

X 

X 

X 

X 
X 
X 

F 

31 
75 
47 
20 
59 

48 

G 

X 
X 
X 
X 
X 

X 

X 
X 
X 

G 

132 
32 

134 
8 

53 

72 

H 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

H 

29 
34 
45 
26 
49 
63 

41 

Separate collection and storage of washwaters generated by each operation 
will be on the basis of compatability of pesticide characteristics and ultimate 
disposal requirements. Adequate valving is available to enable pumping from the 
washwater collection sump to tank trucks, to tank storage or to lagoon storage, 
depending upon quantity of liquid and disposal requirements. It is possible 
that practical uses will be found for some washwaters through addition of pesti­
cide for recommended uses such as fly control at landfill sites and control of 
vegetation in non-critical areas. 

A pesticide management site located adjacent to other waste management 
facilities, such as that at Merrill, might be expected to take advantage of this 
proximity. The Merrill scrap auto body collection site receives approximately 
600 car bodies during an average year of operation. Stripped of motors, wheels, 
glass, upholstery, wood and plastics, the weight of steel might be expected to 
average approximately 2500 pounds per auto body. Study has shCMn that steel 
containers, not reuseable as containers and cleaned to a level shown possible 
in pilot studies at Merrill, could be combined with these car bodies as a means 
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of providing a "dilution factor" for the residual pesticide in the scrap mixture. 
The resulting scrap mixture, using a ratio of twenty five-gallon containers, or 
it's equivalent, per car body, would have a residual pesticide concentration of 
about 55 parts per million or O .11 pounds per ton of scrap. At this rate of 
combination, it is estimated that the scrap auto collection facility at Merrill 
could absorb 12,000 five-gallon containers annually, which is more than the 
expected annual container use rate for the county. 

The scrap-to-steel ratio at point of reuse would further reduce the pesti­
cide concentration such that stack emissions of pesticide residuals would be a 
small part of the scrap contaminants scrubbed out with other stack materials. 
Study of this aspect of the potential reuse stream will continue. 
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