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L. INTRODUCTION

The waste products that our society produces will require disposal
or recycling techinques that minimize contamination of our environment. Among
these waste products are sewage sludges and effluents. Every municipality,
regardless of size must treat and dispose of or utilize its sewage in some
manner. Current alternatives range from secondary treatment involving
anaerobic digestion, trickling filtration, aerobic digestion to lagooning and
use of polishing ponds or combinaticns of these. Soil filtration is being
considered in many areas as a possible final treatment for effluent before it
reaches a stream. For large cities, the more elaborate treatments may be
more practical for handling the large volumne of sewage; however, for small
treatment plants utilized in rural areas, the posgibility of soil filtration
as part of the treatmenﬁ process could be more practical. Bouwer {12) claims
that the quality improvement obtained by soil percolation is probably comparable
to that obtained by coagulation, sedimentation, carbon adsorption and disin-

fection.

Many studies have been conducted utilizing land treatment for disposal or
recycling of municipal and industrial effluents. The study conducted in Hayden
is unique for two reasons. First, only an ongoing study in Wyoming (Personal
Communication) has investigated land treatment of sewage effluent in relatively
high altitudesof the Rocky Mountain region. Secondly, this study involves

appiication of waste water to mountain meadow type of vegetation (see Table 1).



TABLE 1 ~ Vegetation species found in the mountain
meadow used for land treatment of the polishing

pond effluent of Hayden, Colorado

Red Clover (Trifolium pratense)

Orchard Grass (Dactylis glomerata)

Timothy (Phleum pratense)

Alsike clover (Trifolium hybridum)

Bluegrass (Poa pratensis)

Smooth brome (Bromus inermis)

Dandelions (Taraxcum officinale)

White Clover (Trifolium repens)

Sweetclover (Melilotus officinalis)

Alfalfa (Medicago sativa)




ITI, OBJECTIVES

The effectiveness of land disposal will depend on the quality and

application rate of tne sewage effluent and the soil characteristics.

Consequently, the objectives of this research are:

1.

To determine if the soil can effectively filter the problematic

substances from municipal effluent before the filtrate enters

streams, lakes, or groundwater. The major concerns will be:

a. Nitrogen compounds such as nitrates, ammonium, and organic
nitrogen.

b. Phosphorus, potassium, calcium, magnesium, sodium, iron,
zinc, copper,.manganese.

¢. Total volatile solids, total dissolved solids,

d. Biochemical oxygen demand {BOD) and chemical oxygen demand (COD).

To follow the changes in soil properties created by spray

irrigation with sewage effluent.

To compare the effectiveness of filtration at different application

rates.

To investigate the benefits of providing drainage in a "soil

filtration" system.

To determine if the yields and quality of hay produced by a mountain

meadow irrigated with sewage effluent surpass those obtained from

irrigation with typical irrigation water.

To determine the length of season during which sprinkler irrigation

1ls feasible on mountain meadows.

To develop a set of guidelines based on the data obtained from the

study and from the existing literature to assist those communities

supporting the project to successfully and economically treat the

.agoon effluents produced in the area. The guideline should include:

a. Correlation of the length of irrigation season with different
climatic zones in the region.

b. Guidance on application rates with soils of the area.

c. Indication of the degree of treatment to be expected with the

proposed system.

d:. Indication of the need for drainage tile or subsurface drainage

with the proposed system.



III. LITERATURE REVIEW

A. Introduction

As might be expected, land disposal systems provide advantages and dis- ‘
advantages. If the soil can reduce the concentration of undesirable substances
to acceptable levels over a long enough season and over enough seasons many communi-
ties will be able to treat their sewage without constructing expensive treatment
facilities. Another advantage is that the land used for the disposal of the eff-
luent will have not only a source of water for irrigation but also a source of
plant nutrients, thus decreasing fertilizer needs (12,14). One disadvantage is
the necessity for storage of effluent during winter months. If the storage period
each year is too long, the storage reservoirs will have to be too large so as to
be prohibitive. Secondly, the capacity of the soil to remove particular sub-
stances may decrease after repeated applications of sewage effluent; therefore,
additional land for disposal may be required. The quantity of the land
required for disposal of the effluent will depend on the size of the community,
the location of the treatment facilities, the quality of the soil and effluent
as well as other factors of importance. However, it is anticipated that soil
filtration or land utilization of sewage effluent will be beneficial for many
rural areas.

If it is found that the soil can effectively reduce the concentration of
undesirable substances formed in the sewage effluent from a polishing pond, and if
land is available for irrigation, many small communities could implement such
a system instead of more elaborate and expensive treatment systems. The owners
of the land used for the disposal will obtain a consistent source of water for
irrigation and, more importantly, a readily available and inexpensive source of
plant nutrients. A soil filtration system that is well designed will "cleanse"
the sewage effluent while providing fertilizer for crop production for a considerable

number of years.
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B. Current Status

Application of sewage wastes to the land to increase crop production has
occurred in a number of different areas. Land disposal has been utilized in
Australia, England, Israel, Germany and various states in the U.S.A. (28,87).

A majority of the constituents found in the sewage effluent of an average
polishing pond do not meet the 1982 EPA standards for surface water quality
{14,58). Land application is considered by many as an effective but relatively
inexpensive treatment process. The capacity of the soil to handle organic wastes
may be determined by criteria discussed by Powers et. al. (59).

C. Macro Elements

Various forms of nitrogen are present in sewage effluent. Ammonium-nitrogen

(NH,+~N) can be converted to nitrate-nitrogen (NO, -N) by nitrifying bacteria

4
(4,5,69).

3

Soil columns that were intermittently flooded with sewage effluent
over different time periods produced iﬁteresting results (46,47). A two~day flooding
interval followed by Tive days of drying produced excellent conditions for
nitrification (an aerobic process) as indicated by the high nitrate concentration
in the filtrate when flooding was initiated again. A 9 to 23~day flooding perilod
followed by five-day drying cycles produced the greatest amount of nitrogen
removal from the soil(e.g. by denitrification -- an anerobic process)
(46,47,48,70,86).
3_

nitrogen removal occurred later in the determination in a saturated environment (76).

Another study indicated that NO. -N leaching predominated early while
However, flooding periods greater than two days for most irrigated crops situations
are impractical. Consequently, nitrate contamination is possible if nitrogen
icads are greater than plant needs and the denitrification potential.

Andrews and Troemper (1) discovered that samples from drainage tiles contained
average monthly NOS-N levels of 14.3 mg/1 after sprinkler irrigation with liquid

sewage sludge. This level is higher than the recommended standard for drinking

water (80}.



Water hyacinths growing in ponds of secondary sewage effluent were found to
be effective in removing nitrogen and phosphorous. The nitrogen and phosphorous
removal was directly correlated to the surface area of the treatment ponds (27).
Sutton and Ornes {(73) reported that 97% of the P in secondary sewage effluent
was removed during the growth of duckweed in static waste water.

Due to precipitation, adsorption, and plant uptake, the soil is effective
in removing phosphorus. A number of studies showed that 96-99% of the phosphorus
in wastewater was initially removed by soil filtration (1,7,76). Kardos and Hook
{(44) showed that higher concentrations of phosphorus in soil water samples were
found at 15,60 and 120 cm in soil irrigated with secondary sewage effluent.
However, all concentrations were less than 1 mg/l, and no site had leaching
losses greater than 3% of the P applied. Attempts have been made to relate the
movement of P from waste water to the fraction of clay size material present at
the disposal site (61) and to the sorptive capacity of the soil (34,64).

The négative sites on mineral (clay particles) and organic colloidc ‘hummcs
particles) commonly found in soils provide electrostatic attraction for the
positive cations such as K+, Na+, Ca2+, and Mg 2+. This adsorption process
reduces the mobility of these cations and the soil serves for a period of time as
an effective filter of these common constituents in effluents even though cations
can still be found in the filtrate (41). If the exchangeable (adsorbed) sodium
percentage becomes too hipgh, the percolation rates of the soil will be greatly
reduced siace Na'® dispersés clay particles (36,41,50,72). This dispersion could
reduce the life-time of the "soil filter"™.

Mot ef”iuents contain relatively high concentrations df dissolved solids
(salvs) (18). Laboratory studies (3,22,35) have been conducted to monitor solute
mo-ame: © theough soils and accumulation in different horizons. Bresler (19,20)
has developed mathematical models that effectively predict the behavior of salts
in goils. These studies could provide the background for predicting the

effective lifetime of a land disposal system.



Even though the soil does provide an excellent filter for most problematic
substances in municipal effluent, reduction in chemical concentrations
found in ground water samples could be the result of dilution. Purtynam et.al.(60)
found that reduction in salts, hardness and various cations and anions could
be attributed solely to dilution by a shallow aquifer.

D. Trace Elements and Heavy Metals

A wide range of trace element and heavy metal concentrations can be found in
municipal and industrial effluents. These elements include Fe,Cu,Co, Mn, Zn,
Cd, Ni, Mo, Pb, Hg, and B, most of which can be toxic to plants at high soluble
concentrations. These contaminants are adsorbed by the reactive soil particles,
precipitated as hydroxides, carbonates, oxides, sulfates, or phosphates or adsorbed
by plants (45,50,51). The trace elements and heavy metals as a general rule are
effectively removed within the top soil (49). However, most of the trace elements
are relatively soluble and therefore mobile under acidic soil conditions (37,38,
50,51). &8idle et.al (67) found that no serious accumulation of heavy metals on
s0ils irrigated with secondary sewage effluents for a period of 10 years in
Pennsylvania.

E. Plant and Food Chain Effects

The toxic constituents of greatest concern in sewage effluent that could be
absorbed by plants are the trace elements. Those elements that pose potential
hazards to the food chain include B, Cd, Co, Cr, Cu, Hg, Ni, Pb, and Zn (14,23).
Chaney (23) feels that Cd, Cu, and Zn could provide a significant hazard to the
food chain while Chumbley (26) expresses the hazard of Zn, Cu, and Ni as the zinc
equivalent (ZE) where

ZE = H{Zn) + 2 (Cu) + 8(Ni)
the concentrations are expressed in ppm. The ZE should be maintained at less

than 250 ppm (26).



Chaney {(23) contends that only an effort to develop perennial grasses that
would exclude toxic elements appears reasonable. Past work in which honeysuckle,
reed, canarygrass and sea myrtle were irrigated with food processing wastewater
{53) and Bermudagrass was irrigated with secondary sewage effluent (49) indicates
that grasses are relatively tolerant of the concentrations of trace elements
commonly found in wastewater and that greater yields are obtained using the
effluent. Utilization of sewage effluent on crops where trace metals could be
concentrated in edible portions must be thoroughly scrutinized. Bean, barley,
and tomato plants grown in sand culture and irrigated with aqueous sludge extracts
contained excessive to toxic levels in leaf samples of B, Cu, Mo, Ni, Co, Pb, and
Cd (16). Various forest species showed no increase in the Cd concentration of
the foliage on sites irrigated with secondary sewage effluent for 10 years at
Pennsylvania State University (66). Trace metal accumulations in soils were found
to be greater on sites growing reedcanary grass than on areas growing corn (65).

Irrigation with secondary sewage effluent can often influence the yield
and quality of some small grains. Wastewater was found to produce a higher
moisture content in oat forage (30); higher wheat hay yields, amino acid content
and total fiber (31); and higher wheat grain yields and more total protein (32).
Consequently, crops irrigated with waste water may accumulate trace metals, but
beneficial changes in crop quality may also occur.

F. Management of Mountain Meadows

Plant ursake of variocus trace metals and the quantity and quality of crops
produced by irrigation with secondary sewage effluent is of major concern.
Since a mountain meadow type vegetation grew on the study area, a number of hay
quality parameters are of interest.

Mountain Meadows in the Rocky Mountain area are commonly harvested as a
hay crop. The type of vegetation commonly found in these meadows and on our study

sit= is listed in Table 1.



A number of management procedures can influence the yield and quality of
mountain meadow hay. Sprinkler irrigation has been found by Rouse et. al. (62)
to be more economical with respect to the amount of water used than various methods
of flood irrigation. They also showed that intermittent irrigation with no applied
nitrogen encouraged the growth of clover species with a corresponding increase
in the crude protein content of the hay. Miller et. al. (54) also found that
phosphorus fertilization had no effect on species composition; but, grasses were
encouraged by late harvest and nitrogen fertilization. The work of Wilhite ef. al.
(88) indicated that 360 Kg of nitrogen per hectare increased the crude protein
of the hay crop. This nitrogen application rate also resulted in elimination of
most of the clover. Application rates of 45 to 90 Kg of nitrogen per hectare
resulted in decreased protein content of the hay. Drainage tiles and the composition
of the sewage effluent of Hayden could influence species composition on our study
site.

Campbell and Dotzenko (21) and Thompson (76) found that easily determined
hay quality parameters could effectively be used to predict the in vitro dry
matter digestibility of forage samples collected in Colorado. Determination of
these parameters will help determine the influence of sewage effluent on the
quality of the mountain meadow hay.

G. Biological Aspects

According to Miller (55), the biological component of soils is of extreme
importance in providing and maintaining the filtering aspects of soils. He
states that microbes contribute significantly to the following five areas:

1. Decomposition of organic matter.

2. Detoxification of potentially hazardous organic substances (e.g.,

pesticides and detergents).

3. Removal of pathogenic organisms.
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4, Participation in the nitrogen, phosphorus, and sulfur cycles.

5. Influence on the solubility and mobility of inorganic ions.
Most pathogenic organisms have been found to be retained by the top few cm.
of soil (55). Andrews and Troemper (1) discovered that 99+% of the BODS,
suspended solids and fecal coliform were removed before the waste water percolated
into drainage tiles. Similar results were found in the Netherlands (7).

Before pasturing of alfalfa sprinkler irrigated with municipal effluent,
10 hours of bright sunlight was required to remove fecal coliforms on the plants
(8). With reed canarygrass, 50 hours of bright sunlight provided the
bacteriocidal effects required (9).

High wind velocities were found to carry bacterial aerosols to at least
192 m from a sprinkler (68). The authors implied that secondary sewage
effluent should be chlorinated before sprinkler irrigation.

The fate of certain viruses when applied to the soil is not well under-
stood. Bitten et.al. (11) found that waste water acts as a good desorbent of
viruses held on soil particles. This phenomenon is believed to be caused by
the interaction of organic material in the effluent, the viruses (Bacterial
phage T‘9 and poliovirus type 1 in this study) and the soil solids.

H. Physical Parameters

Continuous application of sewage effluent can alter a number of physical
properties of the soil. As mentioned earlier, high Na® concentrations can produce
infiltration problems. Effiluents that contain a relatively high load of organic
substances could clog soil pores and reduce aeration and infiltration. But
drying helps rectify the situation. Also, Jones and Taylor (43) found that soil
clogging under effluent loading occurs 3 to 10 times faster under an anaerobic
than an aerobic environment. Consequently, by providing adequate drainage and
proper applicatioﬁ rates {e.g. those used for efficient crop production), the
physical attributes of the soil can be maintained. These parameters are essential

in developing treatment designs.
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I. Treatment Designs

Bouwer (14) has described three systems for soil filtration of conventionally
treated sewage. These are:
1. High rate systems with wastewater renovation as the objective.
2. Low rate systems with application rates of 2.5 to 10 cm/week as the goal
(e.g. for crop irrigation).
3. Combination of the above with irrigation and renovation as the major
objectives.
The following hydrologic factors should be considered in the design for
land treatment systems for liquid wastes (13):
1. Infiltration rate.
2. Groundwater table fluctuation with infiltration.
3. The effect of system design and management on quality of renovated
water.
4. The control of underground movement of renovated water below the
water table.
The final design of a land disposal treatment system must include design application
rates, quality improvement and longevity desired, the most appropriate system for
application, and the groundwater management below the receiving fields (13).
The recommended depth of soil that the effluent should percolate through is at
least 120 cm of soil (36). Other precautions concerning, pathogens and odors
may be needed before a land disposal system can be acceptable to many.

J. Collection Devices

In order to monitor the quality of leachate percolating through the soil,
collection devices at different soil depths are needed. The most common type of
extractors utilized involve porous ceramic cups or candles (33,39,40). A number
of precautions and calibrations should be completed before the cups are inserted
into the soil. Hansen‘and Harris (39) have found NO3_-N concentrations with up

to +30% variation from the mean in samples that were not pretreated or calibrated.

These devices, however, still serve as the most acceptable method for sampling

lrachate at different soil depths.



IV. Site Description and Experimental Design

A. Site Description

A mountain meadow situated west of the Hayden, Colorado sewage treatment
lagoons was employed for this field study. The land is owned by Mr. Dutch
Williams of Hayden. The meadow is situated on a first terrace or bench along
the Yampa River. The soil profile consists of a dark brown silty clay loam
to a mottled grey~brown silty clay. A gravel lens is encountered at a depth
of 1.5 to 2.0 meters. This soil presently has not been classified according
to the Soil Conservation Service system.

The water table fluctuated between 60 and 200 cm. in the study site.

The poor drainage caused the mottled soil colors observed in the soil profile.

Sewage effluent from the Hayden polishing lagoon and ditch water from
the Yampa River were used to irrigate the plots. Hayden is a town with an
elevation of 6375 feet ( 1944 m) and a population of approximately 1000.
Farming, ranching and coal mining serve as the main industries of the area.
Sewage originates from homes and service-oriented businesses within the city
limits. No source of potentially hazardous material appears to contribute
to the municipal sewage. Characteristics of the sewage effluent and ditch

water are presented in Table 4.



Table 2 -~- Range of values for irrigation water characteristics

Parameter Sewage Effluent Ditch Water
ECx10° iéigﬁztiity 0.51-0.91 0.13-0.39
ppm Na 42-100 15-46
ppm K 4.6-7.9 1.2-3.5
ppm Ca 54-73 24-30
ppm Mg 29-50 8~25
ppm P 2-4.4 .03-.28
NO3 --N ppm .1-14.0 9=-2.1
NH, "~ N ppm 1.4-6.0 .8-3.6
BOD mg/1 9-18 1-3
COD mg/1 25-85 . 10-23
Fecal Coli 200-77,000 10-2600
Total Coli 8200-90,000 62-6000

Fecal Strep 0-1700 0-1000
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B. Experimental Design

Nine 15m x 15m plots were constructed with the following treatments:

Plot 1:

Plot 2:

Plot 3:

Plot 4:

Plot 5:

Plot b6:

Plot 7:

~Plor 8:

Plot 9:

Plots 1, 2,

Receives one 2.5 cm application from the polishing pond and
no subsurface drainage is provided.

Received one 2.5 cm application per week of irrigation ditch
water and no subsurface drainage is provided.

Receives two 2.5 cm applications per week of irrigation
ditch water and no subsurface drainage is provided.

Receives two 2.5 cm of sewage effluent per week, and no
subsurface drainage is provided.

Control plot which receives no treatment.

Receives two 2.5 cm applications per week of irrigation
ditch water and a subsurface drain about 75 cm deep pro-
vides drainage.

Receives one 2.5 cm application per week of irrigation ditch
water and a subsurface drain about 75 cm deep provides
drainage.

Receives one 2.5 cm of sewage effluent per week and a sub-
surface drain about 75 cm deep provides drainage.

Receives two 2.5 cm applications per week of sewage effluent,
a subsurface drain about 75 cm deep will be used for drain-
age.

3, 5, 9 are similar to those established on a rgsearch

project at Steamboat Springs in 1974 (89), while plots 4, 6, 7, 8 will be

utilized so that adequate treatments are completed to give the following

comparisons:
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1. Drainage vs. no drainage.

2. Irrigation ditch water vs. sewage effluent.

3. One 2.5 cm irrigation vs. two 2.5 cm irrigations per week.
This will simulate the low application rate system discussed by Bouwer (12).
The diagrams of the plot layout, irrigation system, and location of extractors
are provided below. The general layout of the plots is shown in Figurel .

C. Sampling Scheme

Soil samples were collected two times. The first sampling was obtained
before the treatments were initiated; the second sampling occurred in spring
1976.

Composite soil samples were taken from 3 different depths in each plot.

Determinations of pH, salts, total N, NO3—N,NH4+?N,P,K,Na,Ca,Mg,B,

Mn, Fe, Cd, Zn, Cu, and Ni were completed. (See Section VI C. materials
and methods)

Water samples were taken nine times (2 samples/month) during the
irrigation season. When possible, each water sample was analyzed for
*_N, NO

total N, NH "-N, P, K, total dissolved sclids, total volatile solids

4 3
biochemical oxygen demand, and chemical oxygen demand (see Section VI A.
materials and methods)

Plant samples were harvested from each plot. Dry matter yields and de-

terminations for total N, NO, -N, P, K, and Cd, Zn, Cu, and Ni were made.

3
Also, a number of quality parameters were determined on the hay samples.
(See Section VI B. materials and methods)

A1l of the resulting data were analyzed statistically to indicate
significant differences and trends in the treatments established on the

nine plots. However, since each treatment was not completely replicated

(due to financial and physical limitations), the statistical tests are not

reliable indicators of differences between treatments. If non-significant
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differences are indicated by the statisticél test, they would probably
remain non-significant even if the treatments were replicated. Significant
differences indicated by the tests would be due to both natural variation
in the plots and to treatments but the tests cannot determine how much

of the difference is attributable to each.



V. MATERIALS AND METHODS

A. Water Analyses

Samples were taken from the ground-water wells, drainage tiles, porus
cup extractors, the sewage effluent and the ditch water.
Analyses were generally completed in the order listed below:
1. COD (Chemical oxygen demand in mg/l).
2. BOD (Biochemical oxygen demand in mg/l1).
3. Electrical conductivity (mmhos/cm)
4.  ppm Cl™ (Chloride)
5. ppm NO, -N (nitrate-nitrogen)

3

6.  ppm NH4+—N (ammonium nitrogen)

T. ppm Ca2+ (calcium)

ppm Mg2+ {magnesium)

ppm k' (potassium)
10. ppm Nat (sodium)

11. ppm P {phosphorus)

12. Fecal and total coliform bacteria (number per 100 ml)
Analyses 1, 2 and 12 were completed only on ground-water, drainage tile,
sewage effluent and ditch water samples. Analyses 3-10 were completed on
all samples when possible.

Specific ion electrodes were utilized to measure Cl , NO3_-N and
NH4+—N (2). Total N was determined by Kjedahl determination (2). A
platium electrode in conjunction with a conductivity bridge was utilized to
measure the electrical conductivity (2). This determination is an indica-
tion of the total salt content of the water samples. Atomic absorption
specroscopy was employed to measure Cd2+, Zn2+, Ca2+, Mg2+, K+, Na+, Fe,

Mn, Cu, and Ni (2). The Murphy Riley colorimetric procedure was used

to find the P content (2). COD was determined using the dichromate refiux

method, while BOD was determined after a 5~day incubation period as described
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by standard methods (2). PFecal and total coliform and fecal streptococci
were analyzed as described by standard methods (2). M and I incorporated
of Fort Cellins analyzed the water samples for COD, BOD, fecal and total
coliform and fecal streptococci. All other determinations were conducted in
the laboratories of the Department of Agronomy at Colorado State University.
The water analysis data is listed in Appendix B.

B. Ground Water Levels

The depth from the soil surface to the water level in each ground water
was recorded on a regular basis (See Appendix B). The relative elevation of
various points in the study area were deterﬁined by the Steamboat Springs

office of the Soil Conservation Service.

C. Plant Analyses

Five plant samples from the 7.5 x 7.5 m center section were taken from
each plot on July 29, 1976. Hay samples were cut using 2-row Jari mowers.
A subsample made up of random grab-samples was taken for laboratory de-
terminations. The dry matter yield and percent moisture were calculated after
over-drying the plant samples in a forced draft oven for 48 hours. The follow-
ing analyses were completed on each sample:

a. Dry matter yield

b. Percent plant moisture

c. Percent crude protein

d. Percent cell contents, percent cell wall contents,

percent hemicellulose, percent acid detergent fiber
e. ppm total cadmium (Cd), zinc (Zn), copper (Cu), nickel (Ni),

iron (Fe), manganese (Mn), magnesium (Mg), calcium (Ca),

percent total potassium (K) and percent total Phosphorus(P).
The crude protein content was found by the procedures described by
Bremmer (18).

Cell contents, cell wall contents, hemicellulose, and acid
detergent fiber represent parameters used to describe hay
qualify. Lipids, proteins and other digestible carbohydrates,
and water soluble matter comprise the cell contents (82).

Acid detergent Ffiber includes cellulose, lignin and minerals
that the plant material contains (81).

Separation of these parameters incorporates digestion of

the plant material in the presence of varlous detergents.
A neutral detergent (84) separates the cell contents, which
are nutritionally available and soluble, from the cell wall
constituents, which are only partially available for animal
nutrition. An acid detergent (80) was employed to separate
hemicelliulose from the acid detergent fiber. Hemicellulose
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consists primarily of pentoses but also contains other material.

Hemicellulose 1s generally insoluble, but delignification

will cause a large portion to become digestible (83). The

digestibility of the acid detergent fiber varies depending

upon the amount of lignification.

Total metal contents were determined after the plant

samples were digested first in nitric acid and then in a

perchloric - sulfuric acid mixture.
Total phosphorus was determined colorimetrically using Barton's reagent
(6) while all the metals were found using standard atomic absorption
techniques (57).

The data were statistically analyzed using Duncan's multiple range
test at the 0.05 significance level (71). This mean separation test helps
determine differences between values found for plant samples from various
plots. Since each treatment was not completely replicated (due to financial
and physical limitations), the statistical analyses were not sensitive enough
to indicate true differences between treatments. However, the F values
(Table 6~9) illustrate that a non-significant F test would probably remain
non-significant with replication. Significant F values may indicate some

differences between treatments.

D. Soil Analyses

Initial soil samples were taken from the plots on August 4, 1975. The
plots were samples in 9 locations to a depth of 90 cm by use of an QOakfield
probe. Five probes per plot were composited for each sample. Samples were
separated into 0 to 30 cm, 30 to 60 cm and 60-90 cm samples. The soils were
then air-dried and crushed to pass through a 2mm sieve.

On April 9, 1977 samples were obtained from each plot following one
season of treatment. Three replicate samples were taken from each plot to a
depth of 150 cm by use of a truck-mounted Giddings probe. Again, the soils
were air-dried and crushed to pass through a 2mm sieve.

All samples were then analyzed for the constituents listed below:



1. pH of a saturated soil paste was measured by use of a pH meter (56).

2. FElectrical conductivity (measure of total salt content) of the saturated
extract obtained from the saturated soil paste was found by use of a
conductivity bridge and platinum electrode (15).

3. Boron content of the saturated extract was analyzed by the colorimetric
procedure of John 1975 et al (42).

4. Using atomic absorption spectrophotometry (57), levels of exchangeable
sodium (Na), potassium (K), calcium (Ca) and magnesium (Mg) were
determined as outlined by (24).

5. Total nitrogen was found by block digestion of samples (74) followed
by micro-Kjeldahl distillation (17).

6. After extraction with potassium chloride (KCl), ammonium-nitrogen
(NH4+-N) in each soil was found by Kjeldahl distillation. WMNitrate-~
nitrogen (NO;7.N)} was determined by distillation on the same extract
Sullowing the addition of Devarda's alloy (18).

7. Available phosphorous (P) was measured by the colorimetric procedure
developed by Watanbe and Olson (85).

8. Available zinc ( n), iron (Fe), manganese (Mn)} and copper (Cu) were
found by atomic absorption procedures (57) after extraction with
diethylenetriamine pentaacetic acid (DTPA) (52).

9. Upon digestion of each soil with 4N nitric acid (HNO.) for 5 hours at
800C Bradford et al (15), these soil extracts were analyzed for nickel
(Ni), copper (Cu), zinc (Zn) and manganese (Mn) using atomic absorp-
tion spechtrophotometry.

After compilation of the soil data, analyses of variance and Duncan's
multiple range test at the 0.05 significance level were completed Steel &
Torrie, 1960 (71). As described in earlier sections, significant findinsmo
may not actually be sipnificant since we were not able to adequately replicate

each treatment. However, non-significant differences would probably remain

so even if replicated plots were utilized.



VI. RESULTS AND DISCUSSION

A. Water Analysis

The regional groundwater level in the experimental area is governed by
the water level in the Yampa River. By mid-~July the water table was suffic~
iently low that adequate volumes of water samples could not be obtained

from porous cup extractors at 30 cm. and 60 cm. and occasionally at 90 cm.

Ground water samples taken from all plots generally contained normal levels
of the constituents measured (29). Utilizing the 1% and 5% levels to indicate
very significant and significant results, respectively, analyses of variance

{(71) on the ground water samples yielded the following results:

2+,

1. The electrical conductivity (EC), chloride (C17), magnesium (Mg+

and nitrate and ammonium-nitrogen concentrations (NO §"N and NHA

respectively) showed very significant variation with the date of

-,

sampling.
2. The SE caused a significant increase in the C1~ levels found
in the ground water samples.
The ground water data generally indicated that the SE was filtered to
concentrations normally found in potable subsurface waters. Samples taken
from porous cup extractors generally followed the same pattern that was
observed for the chemical values found in the ground water samples. The
samples taken from drainage tiles in Plots 6-9 also were similar to the
ground water samples.
The water analyses data for each sample is presented in Appendix A.
Figures 2 through 23 show the concentrations found in the ground-water
samples and the levels found in the sewage effluent (SE)} and ditch water

(DW) before application. The graphs marked "undrained" refer to plots
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with natural drainage while those labeled "drained" indicate plots in which
subsurface drainage tiles were installed. The curves marked by symbols relating
to the "irrigation source” refers to the concentrations of a given constituent
in the sewage effluent (SE) or ditch water (DW) before they were applied to
the soil-plant system. To prevent cluttering of each figure, SE concentrations
before application will always be indicated on the curves designated '"undrained",
and DW levels before application are on the "drained" portion of each figure.
The SE and DW levels can be compared to the ground water levels on both portions
of each figure. This process will allow us to place 3 rather than 4 curves
on each portion of a given figure. The graphs marked "plots receiving" indicate
the concentrations found in ground water samples in the plots receiﬁing either
sewage effluent (SE) or ditch water (DW). The application rates are indicated
in the title of each figure. The following discussions are related only to
samples obtained from the ground water in each plot.
1. Electrical Conductivity (Figures 2 and 3)

Flectrical conductivity (EC) is an indirect measure of the

total salt content of the water samples. During the irrigation

season, the sewage effluent (SE)} had an EC range of 0.5 to 0.9

mmhos/cm whereas the ditch water ranged from 0.1 to 0.4

mmhos/cm. The ground water samples generally had a greater

salt content than the original SE or DW. This indicates that

the bulk of the salts in the ground water came from the soil

and not from the irrigation sources: None of the ground

water samples had an EC greater than 1.2 mmhos/cm. These

values fall in the general range (0.03 to 2.00 mmhos/cm)

reported for potable subsurface water (29).

Note that there were no statistical differences in the

EC of the ground water on plots irrigated with SE and DW even
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though the EC in the plots receiving DW were generally higher
than the plots receiving SE.  Also, no significant differences
between drained and undrained plots were discovered.

2. Chloride-Cl~ (Figure 4 and 5)

The sewage effluent (SE) contained 26 to 87 ppm chloride
(C17) while the ditch water (DW) varied from less than 10
to 40 ppm during the season.

Chloride concentrations in the ground water samples taken
from the plots receiving SE were at approximately the same
concentration as was found in the SE before application.

C1” is a relatively mobile anion in the soil; therefore, most
of the C1~ in the SE will migrate with the percolating water
into the water table The C1~ levels of all ground water
were less than 100 ppm. These concentrations are well within
the range of ground water concentrations (less than 30 to
1000 ppm) reported by Davis and De Wiest (29).

Ground water samples obtained from plots receiving DW
illustrated that the Cl1~ concentrations was greater than the
Cl™ levels in the DW before irrigations. These results indicate
that the soil serves as a source of Cl~ that is leached into
the ground¢ water. Application rate and the presence of drainage
tiles had little effect on the Cl~ concentrations observed in
the ground water samples.

3. Nitrate-nitrogen (Figure 6 and 7)

The nitrate-nitrogen (NOS—N) content of the SE, DW and
ground water samples from all plots were generally less than
the 10 ppm drinking-water standard (80 with the exception

of the SE sample taken on the 63rd day of the irrigation season.
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The reason for this one high value is unknown. With one
exception the ground water sample from the plots receiving SE
contained less NOS-N than the SE. These water table samples

generally showed less than 5 ppm NOS«N. Application rate,

type of irrigation water and drainage did not have a significant

effect on the NOS -N levels of the ground water samples. There-

fore, application of the SE from Hayden to mountain meadows
.
4. Ammonium-nitrogen (Figures 8 and 9)

results in no measurable NO_-N problem.

The ammonium-nitrogen (NHZ~N) content of the SE was

considerably higher than the DW, ranging up to 10 ppm
NHZ—N. However, the ground water samples from all plots

were generally less than 3 ppm NHZ-N. Land application was

relatively successful in decreasing the NHZ-N level of the SE

to the concentrations found in the typically used DW.

The possible mechanisms causing the decrease in NHZ—N of

the SE are:

a. NHZ—N fixation or absorption on soil colloids.

b. Oxidation of NHZ—N to Nog-N by nitrifying bacteria.

c. Plant uptake of NHZ—N and/or NO3

5. Calcium (Figure 10 and 11)

N.

The SE contained 50 to 75 ppm calcium (Ca®’) while the
DW had 25 to 30 ppm. The Ca2+ levels in the ground water samples
from all plots were higher than DW and about the same as the SE.
Again, this indicates that Ca2+ is being leached from the soil. All
ground water samples fell into the range of normal potable ground
water (10 to 100 ppm) (29). Since all ground water concentrations
of Ca2+ were comparable, land application of SE appears to be a satis-

factory treatment for Ca2+.
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Magnesium (Figure 12 and 13)

The magnesium (Mg2+) results are similar to those for Ca2+ except
that the Mg2+ levels were generally higher. The Mg2+ content of the SE
was somewhat higher than DW ranging from 14 to 50 ppm while the DW contained
8 to 25 ppm Mg 2+. A1l plots yielded ground water samples with higher
Mg2+ levels than the SE. There were generally greater amounts of Mg2+
in the ground water from plots receiving SE than those irrigated with
DW; however, these differences are not great. Davis and Dewiest (29)

reported that ground water found in contact with soils rich in Mg2+

may have as much as 100 ppm Mg2+ . Therefore, the so0il on these plots appears
to contain minerals relatively high in Mg2+. Also, Mg2+ will be leached
from the soll to a greater extent than Ca2+.
Potassium (Figures 14 and 15)

The soil-plant system did an effective job of lowering the
potassium (K”) of the SE from 5 tb 8 ppm down to 1 to 3 ppm in the 2.5
cm/week plots and down to 1 to 4 ppm in the 5.0 cm/week plots. Most potable
ground waters contain 1 to 5 ppm K" (29). Consequently, the kKt found
in all of the ground water samples would not pose a serious environmental
problem.
Sodium (Figure 16 and 17)

The sodium (Na+) level of the SE and DW ranged from about 40 to 100 ppm
and about 15 to 56 ppm, respectively. The Na® in the SE and ground water
of the drained SE plots tended to decrease during the growing season. Nat
in the DW and all other treatments increased during the season. Seldom
did the Na® content of the ground water samples in plots receiving
SE exceed those receiving DW. Since common values for Na™ range from 1
to 100 ppm (29), the soil is probably contributing some of the Na® found
in all ground water samples.

Phosphorus (Figures 18 and 19)

The phosphorous (P) content of the SE ranged from 2 to 5 ppm.
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11.

12.

43

The DW contained less than 1 ppm. The soil-plant system did a very effect-
ive Jjob of P removal in the SE. This may have resulted from precipitation
or adsorption in the soil and/or plant uptake. At least 90% of the P
in the SE was removed as the watér leached through the soil.
Chemical Oxygen Demand (Figures 20 and 21)

The chemical oxygen demand (COD) ranged from 20 to 85 mg/l and 10 to
23 mg/l in the SE and DW, respectively. After application, the COD was
lowered to less than 30 mg/l (generally around 20 mg/l) in the ground water
of all treatments. All of these COD levels are well below those reported
for a weak untreated municipal SE (approximately 250 mg/l) (58). Applica-
tion rate, irrigation source or drainage had no significant effects on the
COD concentrations.
Biochemical Oxygen Demand (Figures 22 and 23)

The SE contained 9 to 18 mg/l of biochemical oxygen demand (BOD)
while the DW had 1 to 3 mg/l BOD levels. With some exceptions, BOD
was generally reduced in the plots receiving SE to levels that were compara-
ble to those of the plots receiving DW (3-8 mg/l). All of the BOD values
are also well below current effluent standards (20 mg/l). Again,
application rate, type of irrigation water, or the presence of subsurface
drainage seemed to have little influence on the BOD values found in the
ground water. The subsoil is the primary source of the organic matter
which comprises the BOD found in the ground water. The organic material in
the SE accumulated on the surface of the soil-plant system.
Fecal and Total Coliform

The sewage effluent contained from 200 to 77,000 fecal coliform per
100 ml, and 8200 to 90,000 total coliform per 100 ml.

Ground water samples from the plot receiving sewage effluent
contained 0 to 10 fecal coliform per 100 ml and 0 to 510 toﬁal coliform per

100 ml.
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The ditch water contained 10 to 2600 fecal coliform per 100 ml and 62
to 6000 total coliform. Ground water samples from the plots receiving
the ditch water yielded 0 to 4 fecal coliform per 100 ml and O to 160
total coliform per 100 ml.

The soil-plant system has effectively lowered the numbers of these
indicator bacteria from both sources of irrigation water. Since the ground
water samples were only analyzed twice for these microorganism, graphs
were not made for organism levels during the growing season.

13. Trace metals

Analyses of a few SE and DW samples indicated that the cadmium (Cad)
and zinc (Zn) concentrations were less than 5 ppb. Normal atomic
adsorption procedures could not accurately detect the Cd and Zn levels.
These values are too low to be of concern. Iron (Fe) levels in the sewage
effluent ranged from less than 0.15 to 0.57 ppm while the ditch contained
less than 0.15 to 1.42 ppm. The sewage effluent contained less than 0.1
ppm to 0.7 ppm manganese (Mn) and less than 0.1 ppm to 0.2 ppm copper
{(Cu). In the ditch water, Mn ranged from less than 0.1 to 0.3 ppm and Cu
varied from less than 0.1 to 0.3 ppm. All sewage effluent and ditch water
samples contained <1 ppm nickel (Ni). Fe, Mn, Cu arid Ni in both
irrigation sources are relatively low and pose no environmental problems.
The sewage effluent contained 1.1 to 6.7 ppm total nitrogen and the ditch
water values ranged from 0.1 to 1.0 ppm. The organic nitrogen could be
transformed to NH, * and NO3— which can be utilized by plants. The
influence of this form of nitrogen on the hay yield and quality may not be
observed for 1 to 2 years after application of sewage effluent. A 1 to 2
year period may bhe required to observe if NO3— -N and NH4+-N formed
from this organic-N are leached into the ground water.

14, Summary of Statistical Analyses
Analyses of variance (71) were completed on the data for the ground-

water samples collected during_the irrigation season. These calculations

were utilized to determine if the concentrations of the various constituents



were influenced by the date of sampling, the application rate, the type of
irrigation water and the type of drainage. An F-test significance level
of 1% was used to indicate very significant differences and a level of 5%
to indicate significant differences. Only significant impacts will be
indicated in the following discussion. The coefficient of determination
(71) represents the percent or variation of the constituent or response
variable that can be attributed to the treatments (e.g. date, application
rate, type of irrigation water and type of drainage).

a. Electrical Conductivity (EC)

The analysis of variance (ANOVA) indicated that the fluctuations in EC
were very significantly influenced by the date of sampling. The coefficient
of determination was 51% in this case.

b. Chloride (C17)

For C1~ the calculations showed that date of sampling had a very
significant effect while the sewage effluent resulted in a significant
increase in C1~ concentration. The coefficient of determination for this
set of computations was 65%.
¢. Nitrate-nitrogen (NOS-N)

Date of sampling was found to have a very significant effect on the
NOg -N concentrations found in the groundwater samples. The coefficient of
determination was 45%.

d. Ammonium-nitrogen (NHZ—N)

As with NOS—N, date of sampling had a very significant effect on the

NHZ—N concentrations found in the groundwater. The coefficient of
determination for NH)-N was 46% .

4

e. Calcium (Ca2+)

The analysis of variance illustrated that the changes in Ca2+ con-
centrations in the groundwater samples were significantly increased by the

presence of drainage tiles. The coefficient of determination in this case

was only 29%.
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2+)

f. Mangesium (Mg
Qur calculations showed that Mg2+ in the groundwater samples was very
significantly influenced by the date of sampling. For Mg2+ the coefficient
of detérmination was 58%.
g. Potassium (X"
No significant influences on the K' found in the groundwater samples
were discovered, and the coefficient of determination was only 11%.
h. Sodium (Na')
The major treatment factors had no significant effect on the Na™
concentration found in the groundwater samples. The coefficient of
determination in this case was only 19%.

i. Phosphorus (P)

As with K¥ and Na+, no significant influences on the P concentrations

found in the groundwater samples were found. The coefficient of determination

was 34%.
j. Biochemical Oxygen Demand (BOD)
Again, no significant influences on the BOD levels in the groundwater

samples were discovered. The coefficient of determination was only 17%.



B. Ground Water Levels

Ground water observation wells cased with perforated pipe {n each
plot were monitored regularly beginning in early June. However, by early
July it became obvious that they were not functioning correctly. The
wells were replaced at that time and observations were continued. No con-
sistent pattern in water table change was observed thereafter and it was
concluded that a different method of observation should be used. For the
following season (to be covered in a subsequent report), piezometer tube
sets were installed in each plot and at other locations outside the plot
area.

While detailed water table data are not reported herein, a general
observatibn is that the regional water table due to the Yampa river stage
controls at the plot area, masking out fluccuations due to depth of water
appiied to individual plots or to the influence of drain tubes. For most

of the season the water table was below the depth of drains {75 cm.).



Figure 24 - Surface elevations within treatment plots (relative to NE corner).
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Plant Analyses

The following discussion will focus on the mean values for the various
plant parameters. Again, if statistically significant results were obtained
for a given parameter, these results may Eg&_reflect true differences and
must, therefore, be viewed skeptically. However, if no significant differences
were found, replication of the treatments would probably still result in
non-significant differences.

Tables 6-9 represent the mean values and the statistical results for
plant yield and quality.

The total concentration of a given plant component is of significance
when considering hay quality. From a environmental viewpoint, the total
uptake of a given component is of greater significance. Total uptake in
Kg per hectare (Ha) was calculated by multiplying the plant yield (Kg/Ha)
for a plant subsample by the plant concentration expressed as Kg of component,
nutrient or trace metal per Kg of hay. The mean values for total uptake
are presented in Table 9. Thé following results were obtained for the
multiway analyses of variance (71):

1. Non-significant differences between hay samples from each plot were
found for % moisture, total concentration of Cu, Ni and Ca and total
uptake or production of protein, Zn, Cu, Ni, Fe, Mg, Ca and P.

2. Significant differences (a = 0.05 level) were found for yield,
total K and concentration and total K uptake.

3. Very significant differences {(a = 0.0l level) were discovered for
percent protein, cell contents, cell wall contents, hemicellulose
and acid detergent fiber, total concentration of 7n, Fe, Mn, Mg and P
and total uptake of Cd and Mn.

The following resulis were found from Duncan's Multiple Range Test.

Table 2 provides a list of plot numbers and their corresponding treatments.

*pp. 55, 56, 57 have been deleted from report.
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No trend in yieid was found due to the treatment on each plot even though
some differences existed (Table 6).

Table 7 indicates that plots 8 and 9 (one inch and two inches of
sewage effluent per week plus subsurface drainage tiles) contained a sipgnifi-
cantly higher percent crude protein and percent cell contents than the
remaining plots. Also, plots 8 and 9 (one inch and two inches of gsewage
effluent per week plus subsurface drainage tiles) contained a signifi-
cantly lower percent hemicellulose than all other plots except plot 5
(control plot - receives no water). For the percent acid detergent fiber,
plot 9 (two inches of sewage effluent per week‘plus subsurface drainage)
was significantly lower than plots 3,4,6, and 7. In general, plots 8 and
g irrigated with sewage effluent, seem to have yielded a better quality
crop than plots 1 through 7.

The total zinc (Zn) and iron (Fe) content of the plant material from
plot 9 (two inches of sewage effluent per week plus surface drainage tiles)
showed a significantly higher content than the plant material harvested
in the other plots. A significantly higher total manganese (Mn) and mag-
esium (Mg) content was found in the plant material from plots 8 and 9
{one and two inches of sewage effluent per week, respectively, plus subsurface
drainage).

When total uptake of the various plant parameters was calculated and
statistically analyzed, some significant differences were noted. However,
no definite trends due to the treatments on each plot could be found.

Even though definite statements concerning statistical analyses cannot
be made, irrigation of the mountain meadow with sewage effluent from Hayden
appeared to have no deleterious effects on hay yield and quality found in
this 1 year study. Total seasonal application of 30 to 70 Kg of nitrogen/ha

were added to the plots receiving 5 cm per week of sewage effluent,
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even though our analyses of the plant materials showed little or no significant
accumulation this year. Other than total nitrogen only the phosphorus (P)
concentration was much greater in the sewage effluent than the ditch water.
A total of 20 to 30 Kg/ha of phosphorus (as orthophosphates) was added
during the irrigation season to the plots receiving 5 cm of sewage effluent
per week. Continual application of phosphorus could eventually effect the
species composition and thus the yield and quality of the hay. Phosphorus
tends to foster legumes at the expense of grasses.

From an agronomic standpoint, sewage effluent from Hayden may improve
plant guality. From an environmental viewpoint, total uptake of plant
nutrients and trace metals was within normally reported values (25) and

should have little effect on environmental quality.
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TABLE 3 - LIST OF PLOT NUMBERS AND CORRESPONDING TREATMENT

PLOT # TREATMENT
1 One inch of sewage effluent per week.
2 One inch of ditch water per week.
3 Two inches of ditch water per week.
4 Two inches of sewage effluent per week.
5 No water applied (Control).
6 Two inches of ditch water per week plus

subsurface drainage tiles.

7 One inch of ditch water per week plus
subsurface drainage tiles.

8 One inch of sewage effluent per week plus
subsurface drainage tiles.

9 Two inches of sewage effluent per week plus
subsurface drainage tiles.
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TABLE 4 - AVERAGE YIELD AND % MOISTURE FOR PLANT SAMPLES OF JULY 29, 1976

PLOT YIELD (kg/Ha) % MOISTURE
1 5054 abc 58.76 a
2 6654 ¢ 63.44 a
3 6252 be 64.12 a
4 5752 abc 63.54 a
5 4692 ab 60.30 a
6 5902 abc 60.56 a
T 4924 abc 62.50 a
8 4830 ab 64.64 a
9 4278 a ‘ 66.82 a

F Value (Oneway ANOVA) 2.13% 1.72

¥ Values followed by the same letter are not significantly different at the

0.05 significance level as determined by Duncan's Multiple Range Test.
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" TABLE 5 - AYERAGE QUALITY DATA FOR PLANT SAMPLES OF JULY 29, 1976

% CELL WALL % ACTID A
PLOT % PROTEIN % CELL CONTENTS CONTENTS % HEMICELLULOSE  DETERGENT FIBER
1 5.47 a 47.03 a 52.97 b 17.17 b 35.80 be
2 6.63 a 48.39 a 51.61 b 16.76 b 34.85 abc
3 7.43 a 43.91 a 56.09 b 18.95 b 37.14 ¢
b 8.00 a 43.86 a 56.14 b 19.17 b 36.97 ¢
5 7.86 a 48.84 a 51.16 b 15.28 ab 35.87 bc
6 6.51 a 42.86 a 57.16 b 20.40 b 36.76 ¢
7 7.43 a 46.52 a 53.48 b 17.00 b 36.49 ¢
8 10.67 b 54.58 b 45.42 a 11.83 a 33.59 ab
9 11.73 b 56.36 b 43.64 a 11.54 a 33.09 a
F Value
(Oneway  5.49%* 6.520% 6.5208 3.60 ** 3.45 *n
ANOVA)

#Values followed by the same letter are not significantly different at the 0.05

significance level as determined by Duncan's Multiple Range Test.
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TABLE 6 - AVERAGE TOTAL METAL CONTENT FOR PLANT SAMPLES OF JULY 29, 1976

FLOT ppm Cd ppm Zn ppm_Cu ppm Ni
1 .0322 a 15.2 ab 3.48 a 3.32 ab
2 .0512 abe 15.0 ab 3.68 ab 3.30 ab
3 .0T18 b 16.4 b 4.10 abe 3.28 ab
4 .0366 ab ‘16.4 b 4.10 abc 3.28 ab
5 .0484 abc  16.4 b 5.14 abc 2.90 ab
6 .0240 a 15.7 b 4,14 abc 2.40 a
7 L0276 B 139 a 5.00 abc 2.68 ab
8 .0404 abc 16.2 b 5.84 be 3.76 b
9 0734 ¢ 20.3 ¢ 6.26 ¢ 3.56 ab

F Value (oneway ANOVA) 2.59 # 9.74%% 1.92 1.41

®Jalues followed by the same letter are not significantly different at
the 0.05 significance level as determined by Duncan'’s Multiple Range Test.

TABLE 6 - CONTINUED

PLOT ppm Fe ppm Mn ppm Mg ppm Ca % K %P

1 87.0 ab 21.0 ab 3635 a 2250 ab 1.30 a 0.20 a

2 112.5 bc  28.5 bc 4574 a 2245 ab  1.71 bed 0.23 be

3 111.0bc 17.5a 4550 a 2420 ab 1.56 abed  0.22 abc
4 82.0 a 34.5 ¢ 4245 a 2480 ab  1.40 ab 0.24 ¢

5 92.5 ab 20.8 ab 4420 a 2565 ab  1.64 abcd 0.22 abc
6 107.5 abc 17.8 a 3872 a 1895 a 1.43 abc 0.20 ab

T  108.0 abc  26.5 abc 4340 a 2240 ab 1.51 abed  0.20 ab
8. 119.5¢ 51.8 d 6190 b 3220 b 1.75 cd 0.27 4

9 157.0d  49.54d 5725 b 3200b  1.79 d 0.28 d

F Value (oneway T. 240 16.14%% 6.24%% 2.19 2.88% 8.10%#
ANOVA) .

®yalues followed by the same letter are not significantly different at the
0.05 significance level as determined by Duncan's Multiple Range Test.
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TABLE, 6 CONTINUED

PLOT ppm NO; -N NH,  -N
1 9.2 a 27.7 a
2 36.6 a 42.0 a
3 10.2 a 33.1 a
4 19.4 a 42.9 a
5 15.0 a 34.5 a
6 16.9 a 36.9 a
7 38.1 a 45.9 a
8 47.3 a 76.4 b
9 48.2 a 89.8 b
F Value And

Significance 1.35 4.85 %%



TABLE 7 - AVERAGE UPTAKE OR PRODUCTION OF A NUMBER OF PLANT NUTRIENTS AND

TRACE METALS

Kg/Ha
Plot Protein Eﬂ EE Cu Hl
1 279 a 1.7 x 1074 .077 ab .018 a .017 abc
2 432 ab 3.3 x 10 b .100 ab .025 ab  .022 ¢
3 472 ab 4.5 x 10™% .103 b .027 ab  .020 be
4 456 ab 2.1 x 10™"ab .094 ab .022 ab  .016 abc
5 379 ab 2.4 x 10™"ab .078 ab .025 ab  .0l4 ab
6 346 ab 1.4 x 10 .091 ab .025 ab  .0l4 ab
7 378 ab 1.4 x 107 .069 a .026 ab  .013 a
8 517 b 1.9 x 10™*ab .078 ab .027 ab  .018 abc
9 488 ab 2.6 x 10™*ab .087 ab .035 b .015 ab
F value 1.23 4,08 #% 1.47 0.84 2.15
{oneway Anova)
Plot Fe Mn Mg Ca K
1 .4ha .1lab .18a .1la 6.6 x 10 a
> .73b .19bcd .30b .15a 11.3 x 10 ¢
3 .70ab .1lab .28b .15a 9.8 x 10 bc
4 .47ab .20cd .24ab .14a 8.7 x 10™ ab
5 .hba .10a .2lab .13a 7.7 x 10™>ab
6 .65a0 .1lab .23ab .1lla 8.1 x 10 ab
7 .54ab .13abc .2lab .lla 7.5 x 10 2ab
8 .58ab .25d .30b .16a 8.4 x 10™%ab
9 .68ab .22d .24ab .13a 7.5 x 10 %ab
F value 1.81 4,64 *¥ 1.90 0.72 2.28 #

(Oneway Anova)
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D. Soil Analyses

From the initial soil sampling (August 4, 1975), we determined that no

_ significant soil fertility or trace metal variations existed in the treated area
before implemenﬁation of the project. Consequently, all nine samples for each
depth from an first sampling were grouped together for comparison with the values
found from the samples of April 9, 1977. Mean values for all soil tests and the

results of Duncan's multiple range test are presented in Table 10.

1. Nitrogen Species

As shown in Table 10, total soil nitrogen on the treated plots varied little
from the values measured before the experiment was iniated. Both NH4IN and NO§-N
were much higher in the initial samples. Differences in these values may be due
to different sampling periods. The initial samples were obtained in summer while
the Second set was taken in early spring. Immobilization (conversion of inorganic
to organic forms) may have occured during the year and half between samplings.

Typically both NH4+ and NO .-N do vary greatly during various periods of the year

3
and from one year to the next. Most often the indigenons minorganisms greatly
varied in numbers in early spring. Consequently, the larger population of microbe

will absorb NH4+ and NOS—N because of the greater nutrient demand.

2. Phosphoxus

Application rate and type of drainage produced a very significant influence
on soil phosphours (P). Initial P values were within the range of the levels measured
on soil samples obtained after plot treatment. The plots receiving 5 cm/week

with sub surface tiles contained larger concentrations of Na HCO3 extractable P.
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3. TOTAL METAL CONTENT (HOT AN HNO.ACID EXTRACTABLE)

3
Total copper (Cu) content was significantly affected by type of drainage.

Total Cu generally was higher in the plots that contained subsurface drainage.

In the 0 to30 and 30 to 60 cm sample total Cu of the initial samples was higher
but not significantly different from most Cu levels found in the soil after treat-
ment.

With higher organic matter accumulations at the surface from plant residues,
depth was discovered to be a very significant factor in describing the wvariation
of total zinc (Zn), nickel (Ni) and manganese (Mn). For some unknown reason,
type of drainage exerted a very significant effect on total Ni and Mn with those
plots containing tiles having the lower values for bothh metals.

The total Cu, Zn and Mn in the 030 cm sample taken initially were higher
but not significantly different fom most Cu, Zn, and Mn concentrations found in
the samples obtained after treatment. The total Ni contact in 0 to 30 cm samples
was lower but not significantly different from total Ni values found in the second
set of soils. Even though some variations in total metal content exist between
the initial and second set of soil samples, no concentrations were extraordinarily

high and no important variation were observed.

4, DTPA FOR SELECTED METALS

DTPA is a chelating agent that extracts concentrations of iron (Fe), Zn,
Cu and Mn from soils that correlate well with plant needs and uptakes of these
metals (52). Concentrations of the above metals when extracted with DTPA may
represent their availability to plants and/or suspectibility to leaching.

For Fe it was found that type of drainage produced a very significant différence.
Plots containing subsurface drainage exhibits higher Fe-DTPA values. Little differ-
ence was shown between initial levels and the concentrations found in the second
set of samples.

Depth had a very significant impact on Cu-DTPA values. Initial levels of

Cu-DTPA in O to 30 cm samples were significantly higher than those found in the
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TABLE 8 MEAN SOIL VALUES AND SIGNIFICANCE (DUNCAN'S MULTIPLE RANGE TEST)

PLOT ppm Nth-N ppm NOiLN
. 0-30 ~30~-60 60-90 0-30 30-60 60~-90

# cm cm cm cm cm cm
1 1.27 a 0.10 a 2.20 a 0.45 a 0.10 a .10 a
2 2.90 a 0.40 a .20 a 5.20 a 0.40 a 0.90 a
3 0.60 a 0.20 a 0.90 a 0.90 a 0.10 a 2.20 a
4 0.40 a 4.40 a .20 a 0.10 a 6.10 a .10 a
5 0.40 a 0.20 a 3.10 a 0.10 a 0.10 a 2.20 a
6 0.20 a 6.50 a .20 a 0.10 a 2.60 a .10 a
T 0.20 a 0.20 a .20 a 2.20 a 0.10 a .10 a
8 0.75 a 0.20 a .20 a 1.05 a 0.10 a .10 a
9 0.70 a 4,40 a .20 a 0.10 a 3.10 & .10 a

Sxf‘;ﬁf 48.49 b 53.76 b 45.12 b 21.82b  20.61 b  16.17 b

¥ s.p. %s8.84 315,73 ¥7.89 *8.29 *8.48 X454

F Value 30.41%% 6.6TR® 30,.80%% 6.924% 3.02% T7.56%%

& Sig.

ppm P , "7 Total N

1 15.0 a 8.7 a 5.5 a 0.20 ab 0.10 a 0.08 a
2 15.0 a 20.5 be 16.2 abc 0.21 ab 0.10 ab 0.08 a
3 21.5 ab 36.4 d 30.6 cde 0.19 a 0.16 d 0.08 a
4 37.8 ¢ 51.9 e 35.9 de 0.18 a 0.14 cd 0.09 a
5 48.5 cd 50.2 e 40.6 de 0.20 a 0.14 bed 0.09 a
6 38.8 ¢ 32.7d 44.1 e 0.18 a 0.15 cd 0.09 a
7 42.5 cd 3l.4 cd 26.6 cd 0.19 a 0.10 a 0.08 a
8 54.2 4 37.6 d 49.7 e 0.19 a 0.12 abe 0.09 a
g9 46.8 ed 26.5 bed 24.1 bed 0.18 a 0.09 a 0.08 a

Initial 27.38 b 17.4 ® 11.2 ab 0.22 b 0.16 4 0.10 a

I 5.D. 46,10 +4.7 +5.9 +0.02 +0.02 +0.03

F Value » ™ » e

+ Sig.  13-53* 1671 7.94 2.68 5.32 1.01

ppm Total Cu ppm Total Zn

1l 24.4 ab 25.0 d 21.3 ab 61.5 a 54.5 abc 56.0 ab
2 22.6 a 22.5 be 21.3 ab 73.2 cd 48.9 a 59.2 ab
3. 23.2 a 23.8 bed 22.5 ab 64.2 abc 59.2 abc 56.7 ab
4 24.4 b 23.8 bed 25.0 b 68.5 abc 62.1 abc 57.5 ab
5 23.2 a 25.0 d 23.8 ab 66.2 abc 66.2 cd 55.8 ab
6 24.4 ab 23.8 bed 22.5 ab 64.2 ab 81.0 e 58.8 ab
T 21.9 a 21.3 b 23.8 ab 66.3 abc 50.8 ab 56.4 ab
8 23.3 a 22.5 be 21.3 ab 68.5 abc 54.3 abc 58.8 ab
9 22.7 a 17.5 a 20.0 a 70.2 bc 54.4 abc 50.8 a

Initial 26.7 b 25.0 d 23.1 ab 78.8 4 73.5 de 64.1 b

+ S.D.. +2.2 +1.2 +2.1 +3.5 +5.4 +5.7

F Value 3.00% 8.03 &= 1.32 '6.98*' g,22%# 1.82

+ Sig.
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PLOT Ppm Total Ni ppm Total Mn ppm Fe-~DTPA
¢ 0-30 30-60 60-90 0-30 30-60 60-90 0-30 30-~-60 60~90
cn cm cm cm cm . cm cm cm cm
1 25.4 bc¢ 23.6a 26.4Db | 311.3 abc 332.5 de 321.7 ab 80.0 ab 47.7 ab 49.1 ab
2 26.5 ¢ 23.9a 28.0b | 329.6 cd 296.7 ¢d  310.0 ab 62.8 a 53.4 abc 35.5 ab
3 23.3 abc 23.4a 25.1 abl 322.6 bed 308.3 cd 330.0 ab 64.0 a 65.6 abc 45.3 ab
4 26.3 ¢ 2l1.8 a 24.2 ab| 326.3 cd 297.5 cd 421.7 ¢ 76.9 a 88.2 bc 54.7 bc
5 25.7 be 25.2 a 26.1 ab] 302.6 abc 282.5 bed 310.8 ab 69.5 a 103.2 ¢ 41.0 ab
6 26.2bc 22.2a 2.0 a ], 310.9 abc 306.7 cd 253.3 a 50.4 a 97.5 bc 180.0 e
T" 23.1 ab 24.8a 21.8a | 291.3 ab 260.0 bc  315.8 ab 77.5 a 64.9 abc 88.3 d
8 23.8 abc 21.8a 22.3 a! 290.4 ab 228.3 ab 354.2 be 50.0 a 82.7 bc T77.5 ed
9 25.1 b¢ 22.Ta 22.3 a| 280.9 a 200.0 a 269.2 ab { 108.6 b 67.9 abc 58.0 bc
Mital 22,52 21.9a 23.3a 3454  36lbe 34.9b | 55.0a 4.l a  32.1a
= 1-1.2 +1.1 -¢=-l.2 +16.0 +23.6 +26.9 +11.0 + 3.5 +8.0
ﬁf@“e 3.52%% 148  1.87 6,208 9.87%%  3.23%% |  4.61%%  2.71®  17.78%%
ppm Cu~=-DTPA ppm Zn DTPA meg/100g Exch. Na
1 2.5 ab 2.3 abc 2.5 adb 2.5 a 0.7 a 1.0 ab 0.4l a 0.46 a 0.43 at
2 2.5 ab 2.0 a 2.5 ab 2.5 a 0.9 ab 1.1 ab 0.39 a 0.42 a 0.44 at
3 2.5 b 2.4 bc 2.6 ab 2.2a 1.8 de 1.3 ab 0.43 ab 0.43 a 0.40 at
4 2.6b 2.6 ¢ 2.7 ab 2.2 a 2.3 e 1.6 b 0.44 b 0.47 a 0.38 atb
5 2.3 ab 2.5 bc 2.7 ab 2.3 a 2.7 e 1.1 ab 0.42 ab 0.39 a 0.46 ab
6 2.1 a 2.4 abc 3.0 bc 2.0 a 1.7 cde 1.3 ab 0.44 ab 0.41 a 0.35 a
7 2.2 ab 2.2ab 3.5¢ 2.0 a’ 0.9 ab 1.1 ab 0.38 a 0.26 a 0.29 ab
8 2.3 ab 2.6 ¢ 2.7 ab 2.3 a 1.4 bed l.4b 0.39 a 0.46 a 0.49 b
9 2.3 ab 2.2 abc 2.2 a 2.2 a 1.1 abc 1.1 ab 0.36 a 0.49 a 0.36 ab
Initial 2.8 ¢ 2.6 ¢ 2.6 ab 2.3a 1.5 cd 0.9 a 0.49 b 0.33 a 0.57 b
+ S.D. +0.2 +0.1 +0.2 +0.5 +0.3 +0.3 +0.05 +0.26 +0.22
F Value #x *a r »
& Sign. 5.97 3.64 2.45% 0.63 6.78 . 0.99 3.56%% 0.66 1.53
meg/100g Exch. K meg/100g Exch. Ca meg/l00g Exch Mg
1 0.63 b 0.98 ab- 0.55abj 23.9 cd 15.0 ab 27.8 be 7.0 ¢ 6.4 a 9.6 ab
2 0.65 bc 0.97 ab 0.47 al 20.2 abc 15.4 ab 24,0 be 6.3 abc 6.2 a 10.7 b
3 0.78 bed 0.79 ab 0.53abl 16.0 ab 18.2 b 22.1 abe 6.6 abc 6.2 a 7.1 ab
4 0.89 bcd 1.03 b 0.65 b} 15.2 a 17.9 ab 15.2 a 6.5 abc 6.7 a 10.8 b .
5 0.91¢d 1.05b 0.59abl 16.1 ab 18.4 b 16.1 a 7.3 ¢ 6.6 a 8.9 ab
6 0.95 4 0.91 ab 0.65 b} 17.9 ab 19.7 b 16.1 a 6.3 abc 6.0 a 6.1 a
T 0.39 a Q.66 ab 0.55ab 26.2 d 11.3 ab 27.7 be 7.0 bc 4.0 a 10.5 b
8 0.73 bcd 1.17 b 0.63aby 21.6 bcd 17.4 ab 24.9 be 6.9 abc 6.7 a 10.1 b
9 0.70 bed 1.07 b 0.50abl 19.3 abe 15.5 ab 29.1 be 5.7 a 6.2 a 7.7 ab
Initial +0.74 bed +O.60 a +O.SOab }_5.5 a }_0.7 a }8.5 ab 6.l:ab 4.6 a +7-5 ab
+S.D.  =0.11 -0.36 -0.11 -2.8 6.4 -6.0 0.7 ~2.7 1.7
F Value 3.97%% 2.23 1.94 5.00%% 1.91 5.98 2.49% 0.95 2.24
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second set of samples. (Table 10) However, from a practical standpoint, the
differences are too small (0.2 ppm) to constitute a problem.
ZIn-DTPA was very significantly affected by depth. Intial Zn-DTPA soil values
were not significantly different from those found in the April 1976 soil sample.
Mn-DTPA levels decreased very significantly with depth and with the presence
of subsurface drainage tiles. Plots receiving ditch water contained significantly
higher concentrations of Mn-DTPA. Intial levels of Mn-DTPA (1975) in the O to
30 cm samples were lower but not significantly different from the values measured

in the April 1976 samples obtained after one season of treatment.

5. EXCHANGEABLE CATIONS

Exchangeable sodium (Na) in soil samples was significantly affected by the
type of water with most plots receiving sewage effluent containing more exchangleable
Na than those irrigated with ditch water. The sodium content in the sewage effluent
was generally two to three times greater than that found in the ditch water.

Also, exchangleable Na levels in the intial soil samples (all depths) were higher
but not significantly different from what was found in the scil samples obtained
after one season of operation.

Application rate and type of water exerted significant imnfluence on ex-
changeable potassium (K). Exchangeable K was greater at the surface. In plots
receiving sewage effhuent, (3 to 8 ppm K), the exchangeable K was higher than in
plots receiving ditch water. Lower levels of exchangeable K were found in plots
receiving irrigation of 5 cm per week as opposed to those receiving 2.5 cm per
week. This may result from leaching differences. 1Intial soil samples contained
less but not significantly different exchangable K in the 0 to 30 cm depth than
was measured in the s0il samples taken after the irrigation season (1976 samples).

Application rate and depth had very significant influence on the exchangeable

calcium (Ca) levels found in the 1976 samples. Generally, less exchangeable Ca w™-



found with greater depth. As reflected bypH values of the 60-90 cm samples,
calcareons (CaCO3) or dolemitic (CaMg(CO3)2) soil conditions probably exist.
No significant differences between the initial (1975) and second set of soil
samples was determined.

For exchangeable magnesium (Mg), depth exerted a very significant effect.
Changes with depth indicate, as mentioned previously, that higher exchangeable
Mg in the 60 to 90 cm depth samples might reflect the accumulation of free car-
bonates of Ca and/or Mg. No significant differences between 1975 and 1976 samples

were found for exchangeable Mg.

6. IONIC SALTS, pH AND BORON

Ionic salts (electrical conductivity of saturated soil extracts) and pH
varied very significantly with depth. Salts are generally higher at the soil
surface; however, the salf content found in all soil samples pose no problem to
plant growth or as a hazard to ground water contamination. pH of saturated soil
pastes increased progressively with increasing depth. The boron content of the
saturated soil extracts were not influenced by the major treatment factors or depths.
No significant differences in ionic salt content, pH or boron content was found
between the intial soil samples (1975) and the soil samples obtained after

treatment (1976}.



VII. CONCLUSIONS ON FIELD STUDY

Electrical conductivity (ionic salts) measurements on sewage effluent, ditch
water, ground water, soil solution and soil samples indicated that no salt problem
exists or is anticipated when irrigating the study site with the waste water
from the Hayden, Colorado treatment lagoons. Salt content in the irrigation
waters changed very significantly with date of sampling while the salts found in
the soil samples decreased very significantly with increased soil depth.

For NO3 N and NH4*¥N, the soil-plant system effectively reduced the
concentration of these chemicals as the sewage effluent and ditch water percolated
into the groundwater. No significant leaching into the ground water or accumula-
tion in plant or soil samples were found in this study.

Ground water concentrations of Ca+2 indicated that the soil served as the
major source of this cation. At the depths of groundwater fluctmation (60 to
150 cm), the soil does contain a higher content of exchangeable Ca2+ . Soil
samples from plots receiving 5 cm of irrigation per week contained lower exchangable
Ca2+ than those getting 2.5 cm per week. However, differences in ground water
conéentrations of Ca2+ did Egz_indicate that the higher application rate increased
the leaching of Ca2+. Plant concentration of Ca2+ was very significantly increased
by irrigation with sewage effluent; but, no significant effects were found when
total uptake (plant concentration X yield) was analyzed. From this investigation,
Ca2+ appears not to be a serious problen.

Study of the Mg2+ situation in water, plant and soil samples implied the same
results and conclusions that were reached for Caz+(Mg2+ poses no problem).

Potassium (K+) in ground water samples was not influenced by any of the
treatments while plant uptake of K* significéntly decreased when the meadow was
irrigated with sewage effluent. Higher exchangeable kK" content was found in soil
samples that received sewage effluent, which contained more K" than the ditch

water. Also, higher application rates lead to lower exchangeable Kt indicating

that the higher rates may have produced more leaching; however, ground water samplies
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did not substantiate this hypothesis. Overall, K" does not seem to be
a major problem in using'the sewage effluent of Hayden as an irrigation source.
Exchangable Na* increased significantly in the soils receiving sewage
effluent; but,ground water samples did not show that greater leaching had occured.
Presently, 2% of the cation exchange capacity consists of exchangable sodium.
Exchangable sodium percentages of 15% would disperse the soil and greatly reduce
infiltration of the irrigation water.
Even though the sewage effluent contained a much higher P content (2 to
5 ppm) than the ditch water (less than lppm), no significant differences in the P
levels were found. The P in the waste water accumulated ({(by precipitation or
absorption) at the soil surface and/or absorbed by the plants. Plant concentrations
of P (percent P~ Table 6) were significantly increased by application of sewage
effluent and the presence of subsurface drainage tiles. Plant uptake values
(Kg P absorbed per hectare - Table 7) did not follow this trend because of variations
in the yield for each plant subsample. Soil level of NaHCO3 extractable P were
very significantly influenced by application rate and type of drainage but not
by the type of irrigation water. In any event, P in the sewage effluent poses
no problem to ground water contamination; but, it may provide a macronutrient
required for plant growth. The continual application of sewage effluent with
2 to 5 ppm P could produce a larger percentage of clover in the mountain meadow.
However, as nitrogen availability increases, grasses may crowd out the leguminous
species.
BOD concentrations found in the ground water samples indicate that the organic
material in the sewage effluent probably accumulates at the soil surface. BOD
and COD levels found in the ground water are indications of background levels of
organic material naturally resulting from soil-water interactions. BOD and COD
values from the control plot and the ph&s receiving sewage effluent and ditch water

were not significantly different.



Indications are that the soil-plant system has effectively lowered the
number of fecal and total coliform from the sewage effluent before the percolate
reaches the ground water.

Based on water, plant and soils data, the trace metals, Cd, Zn, Fe, Mn, Cu
and Ni appear to pose no hazards during the first year. If non-agricultural
industries are introduced in Hayden, the potential threat of trace metal
contamination could substanially increase. Constant monitoring of the sewage
effluent would be required to detect any potential problem.

Total nitrogen in the sewage effluent (1 to 7 ppm) could possibly affect
protein content of plants and total soil nitrogen. The protein percentage in
plants was very significantly lncreased by application of sewage effluent and
the presence of drainage tiles; however, total production of protein (%
protein X yield) was not affected by these factors. Before the organic
nitrogen can be utilized by the plants, it must be transferred to NOS and/or
NHZ . This conversion may not be detectable until after years of sewage effluent
application. Organic matter accumulation, primarily from plant residues, accounts
for higher surface concentration.

The quality of the hay crop {81,82,83), measured by methods of Van Soest
and Van Soest and Wine (84) produced was generally better on the plots that
received sewage effluent and contained subsurface drainage tiles. This factor
may be attributed to shifts from grasses to clover species in the plots
receiving the above treatments. Yield, on the other hand, was significantly
lower on plots receiving sewage effluent and in those containing drainage tiles.

Soil pH values indicate a possible accumulation of carbonates in the sub-

2+

surface (60 to 90 cm). Higher exchangeable Ca™ and Mg2+ were found in these

samples as compared to the o to 30 cm and 30 to 60 cm soil samples.
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One year of field observation is insufficient to warrant far-reaching
conclusions but the data herein presented strongly suggest that this land
treatment and disposal site is functioning extremely well with the lagoon
effluent (secondary treatment) from the town of Hayden, Colorado. The
quality of effluent reaching the watertable is not significantly different
from the quality of irvigation ditch water reaching the watertable. Further,
the depth to watertable is relatively small at this terrace site along the
Yampa river.

Future Work.

This year of field plot research, financed by the Northwest Colorado
Council of Governments, the Upper Yampa Water Conservancy District and The
Upper Colorado River Water Conservation District has proved to be so
promising that the U. S. Environmental Protection Agency has agreed to
finance its continuation for two additional seasons. The field observations
will therefore be continued so that conclusions can be drawn with greater
confidence. A report on the extended study should be available in late

1979 or early 1980.
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