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The effluent from on-site sewage disposal systems has been

found to be a source of nitrates (NO
3

) in groundwater. Vegetation

has the ability to remove some of the nitrogen (N) from sewage

effluent as the solution moves through the soil around a disposal

trench, before it reaches groundwater.

Shallow aquifers are particularly susceptible to NO3-

contamination under on-site sewage disposal systems in permeable,

coarse-textured soils. This is due to the relatively rapid downward

movement of leachate from a disposal trench, and to the shorter

trench length allowed in these soils.

The objective of this study was to determine if reducing the

effluent application rate, in a coarse-textured soil, would increase

the percent of N that grass could recover from the effluent. The

potential NO
3

toxicity of the grass was also considered.

A solution with a NO
3
-N concentration of 30 mg/L was introduced

through shallow disposal trenches into a sandy soil vegetated with



tall fescue (Festuca arundinacea Schreb.). The NO
3

solution

simulated sand-filter effluent, since the primary contaminant of

sand -f liter effluent is NO
3

Four treatments were used with three replications of each

treatment. Three treatments received the NO
3

solution. The daily

application rates of this solution were 25.2, 12.6 and 6.3 L/m of

disposal trench for the high-, medium-, and low-rate treatments,

respectively. The fourth treatment received water only, as a

control. The application rate of solution for the high-rate

treatment matched the mean application rate for sand-filter effluent

in a sandy soil.

The grass that grew in response to the NO3 solution seeping

out from the trenches was harvested 3 times during the 134 day study

period. The three cuttings from each plot were mixed and a

subsample from each was tested for total-N, NO3-N and other

nutrients.

Reducing the effluent application rate did not significantly

change the percent of N recovered from the effluent. The mean

(± S.E.) percent N recovery ranged from 25.1 ± 1.8% for the low-rate

treatment to 31.7 ± 0.6% for the medium-rate treatment.

The mean NO
3

concentration of the grass from the high-rate

treatment was 3100 ± 265 ppm. At this NO3-N concentration the

percent NO
3

in the grass is 1.36%. If this grass made up the

entire ration of an animal, NO3- poisoning could occur.
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PREFACE

A sand filter is used as a part of some on-site sewage

treatment and disposal systems designed to serve a single family

residence. They are required on sites when residential wastewater

must recieve a higher level of treatment, before disposal, than

provided by a septic tank.

Components of a sand-filter system consist of a septic tank,

dose tank and pump, the sand filter and a disposal field

(Appendix 1).

Wastewater from a residence is first discharged to a septic

tank where most of the solids are separated from the water either by

settling or floating. The effluent flows from the septic tank to

the dose tank where it is stored temporarily. The storage volume of

the dose tank is usually set at 20Z of the projected daily sewage

flow. When this volume is reached, wastewater is pumped to the sand

filter.

A sand filter for a single family residence consists of a

water-tight container about 6-m square and 120-cm deep. Within the

container, a layer of sand 61-cm deep is sandwiched between two

layers of drain-rock. The upper layer of drain-rock is 30-cm deep

and the lower layer is 15-cm deep.

Wastewater is distributed within the upper layer of drain-rock

through a network of pipes and percolates down through the sand.

Beneath the sand in the lower layer of drain-rock it collects in an

under-drain. From there the wastewater (sand-filter effluent)



discharges to disposal trenches where it infiltrates into the soil

for final disposal.

This study dealt with the disposal trench portion of a

sand-filter system. The final disposal of sand-filter effluent into

the soil was examined. A NO3 was used to simulate

sand - filter effluent.



NITROGEN RECOVERY FROM SIMULATED SAND-FILTER
EFFLUENT BY GRASS

INTRODUCTION

Nitrogen (N) in the nitrate (NO
3

) form is a persistent

constituent in leachate from septic-tank effluent disposal fields.

Brown et al. (1978) traced various pollutants in septic-tank

effluent as it leached below experimental disposal trenches. They

found that bacteria, viruses, heavy metals and nutrients, except

NO , were removed from the leachate within 1.2 m of the trench

bottom.

Peavy and Groves (1978) found that NO3, in the leachate from

septic-tank effluent disposal fields, were the only pollutants that

had a significant impact on a shallow water table. The disposal

fields were in a sandy soil.

Century West Engineering Corp. (CWE, 1982) found that the water

quality of the shallow aquifer in the LaPine basin of central Oregon

was good except in populated areas. The major contaminants in this

groundwater were NO3 . Septic tanks and disposal fields are used

almost exclusively in the LaPine area for treatment and disposal of

domestic sewage. Agricultural activity is limited. The shallow

aquifer is the source of drinking water throughout the LaPine

basin. Nitrate-N levels as high as 42 mg/L were measured in the

LaPine core area. The National Interim Primary Drinking Water

Standard (40 CFR Part 141) for NO3 is 10 mg/L NO3-N.

An estimated 25% of the housing units in the United States use
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on-site wastewater disposal systems to dispose of domestic sewage

(Cooper and Rezek, 1977). As more people move into rural areas and

begin to use on-site sewage disposal systems, the potential for NO
3

contamination of groundwater supplies increases.

Septic-tank effluent receives a high degree of treatment when

passed through a sand filter (DEQ, 1982). The biochemical oxygen

demand (BOD5), suspended-solids concentration, and the

fecal-coliform level of septic-tank effluent are reduced by an

average of 98%, 93%, and 99%, respectively. The total-N

concentration in the septic-tank effluent is reduced by an average

of 47%. Nitrate-N with a mean concentration of 30 mg/L is the

primary contaminant of sand-filter effluent.

The Oregon Administrative Rules (DEQ, 1981) allow the disposal

of sand-filter effluent in sandy soils where the minimum separation

distance between the disposal-trench bottom and a permanent water

table is 61 cm. In such situations, not more than 8417 L of

effluent can be discharged per hectare per day.

The projected daily application rate for sand-filter effluent

in a sandy soil is 53 L/m of disposal trench. According to flow

figures from the Environmental Protection Agency Design Manual for

On-site Wastewater Treatment Systems (USEPA, 1980), the mean

application rate is about one half of the projected rate.

Given a NO3 -N concentration in the effluent of 30 mg/L and a

trench width of 61 cm, the yearly application rate of N to the

bottom area of the trench is 4,757 kg/ha. This is much more than

vegetation growing over the trench can utilize (USEPA, 1975).
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Brown and Thomas (1978) demonstrated that grass growing above a

disposal trench will use some of the N in septic-tank effluent as

the effluent moves through the soil. They found the N removal

efficiency of grass was 9% in a sand, 32% in a sandy clay, and 46%

in a clay. They attributed the higher removal efficiency in the

sandy clay and clay soil, in part, to the lower rates at which

effluent was applied in these soils. The application rate of

effluent in the clay soil was about one quarter of the application

rate in the sandy soil.

The objective of the study reported in this thesis was to test

the hypothesis that reducing the application rate of effluent in a

sandy soil would increase the proportion of N recovered by grass

growing above the trench. The potential for NO3 of

livestock consuming grass grown over a disposal trench also was

evaluated.

Reducing the application rate of effluent in disposal trenches

would require increasing the length of the trenches. To achieve the

desired effect the effluent must be distributed uniformly along the

entire length of the trench. To get uniform distribution a

pressurized distribution system would be necessary (USEPA, 1980).
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LITERATURE REVIEW

Nitrate Removal by Vegetation

To reduce NO
3

contamination of groundwater from on-site sewage

disposal systems, the number of systems per unit area can be limited

(Brown et al., 1978; CWE, 1982), N can be removed from the effluent

before disposal (Sikora et al., 1978; Laak, 1982; Andreoli et al.,

1979) or vegetation can be used to remove N after seepage into the

soil (Brown and Thomas, 1978).

Hook and Kardos (1977) irrigated reed canary-grass (Phalaris

arundinacea L.) with wastewater having a total N concentration of

26.6 mg/L. They found that the grass removed 62% (388 kg N/ha) of

the total N applied on an annual basis.

Ketchum and Vaccaro (1977) applied wastewater N at rates of

196, 340, and 520 kg N/ha. They found that on an annual basis an

average of 32% of the N in the wastewater was removed in the

harvested reed canary -grass regardless of the application rate.

Hook and Tesar (1978) found that tall fescue (Festuca

arundinacea Schreb.), reed canary-grass, and orchardgrass (Dactylis

glomerata L.) were suitable for removing N from the effluent of a

secondary sewage treatment plant. They applied effluent at rates of

2.5, 5.0 and 7.5 cm/week. The mineral N concentration in the

leachate below their plots was less than 5 mg/L.

Lund et al. (1981) applied an average of 9.8 cm of sewage

effluent per week to pasture land. The annual NH4 -N loading rate
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was 1,092 kg/ha. They found that the pasture grasses removed 32% of

the N applied in the effluent.

Hook and Burton (1979) studied the effect of cutting frequency

on the quantity of N leaching below Kentucky bluegrass (Poa

pratensis L.) irrigated with sewage effluent. They used three

cutting treatments: 1) three times annually, 2) biweekly, and 3) no

cutting. During their 2-year study they found that the N

concentration in the leachate was less than 10 mg/L regardless of

the cutting treatment.

Grant et al. (1982) irrigated bromegrass (Bromus inermus L.)

with simulated secondary wastewater. They found that the bromegrass

removed 35 to 42% of the total amount of N applied.

Tall Fescue

Tall fescue is a deep-rooted perennial bunch grass. According

to Buckner and Cowan (1976) tall fescue is tolerant of poor

drainage, responds readily to high rates of N, and can produce an

even sod. They wrote that for best productivity as pasture, tall

fescue should not be grazed closer than 5 to 10 cm.

Peroline is a predominant alkaloid in tall fescue (Bush et al.,

1972). An alkaloid may have a significant adverse effect on the

health of other organisms. Bush et al. (1972) found that peroline

inhibited rumen microflora.

Gentry et al. (1969) found that peroline synthesis in tall

fescue is increased by N. They also found that the highest levels

of alkaloids occurred during July and August in pasture grass but



was reduced greatly when the grass was cut for hay and field-cured.

Nitrate Poisoning

Nitrate poisoning in cattle may occur when they consume forage

containing excess amounts of NO3 1981). According to Cope

(1981) fescue can accumulate large quantities of NO3 under adverse

conditions. These adverse conditions occur if there is inadequate

water or sunlight or the temperature is too low. Cope (1981) also

states that toxic levels of NO
3

in forage are reached when the NO
3

level is about 1% of the total ration.

Nitrate toxicity is caused by nitrite (NO2 ) accumulation in

the rumen and subsequent absorption into the blood stream (Wright

and Davison, 1964). Wright and Davidson (1964) wrote that if an

excess of NO
3

is consumed by the animal, the reduction of the NO3

to NO
2

(which occurs more rapidly than the reduction of NO
2

to

NH
3
) will result in the accumulation of NO

2
in the rumen. The NO2

reduces the capability of the blood to transport and release oxygen

(Wright and Davidson, 1964).



MATERIALS AND METHODS

Summary

A NO3 with a NO3 -N concentration of 30 mg/L was

distributed through shallow subsurface disposal trenches into a

sandy soil vegetated with tall fescue. Four treatments were used

with three replications of each treatment.

Twelve disposal trenches were located in the plot area. The

treatment replications were assigned randomly to these trenches.

The boundary of the plot around each disposal trench was defined by

the growth of the grass in response to the NO3 solution seeping out

from the trenches.

There were four treatments. Three treatments received the NO3

solution. The daily application rates of this solution were 25.2,

12.6, and 6.3 L/m of disposal trench for the high-, medium-, and

low-rate treatments, respectively. The fourth treatment received

water only at a daily application rate of 8.2 L/m of disposal

trench.

The quantity of NO3 solution that discharged to the high-rate

trenches each day, was set to match the average quantity of

sand-filter effluent that would be discharged to disposal trenches

in a sandy soil.

The tall fescue around each trench was allowed to grow until

seed heads began to emerge (3-4 weeks, 38-50 cm in height), then was

harvested. It was harvested three times during the 134-day study



period. The harvested grass was dried and weighed. The three

cuttings from each plot were mixed together and a subsample from

each analyzed for total-N and NO3-N. Phosphorus (P), potassium (K),

calcium (C), and magnesium (Mg) analyses also were done so that any

deficiency in these nutrients could be detected.

The proportion of the total-N removed by the grass that came

from the solution was calculated. For this calculation the mean

mass of N per unit area in the control plot grass was used as an

estimate of the amount of N obtained from the soil by the grass, in

each of the treated plots.

Site Location and Description

The site is located in central Oregon about 13 km northwest of

Bend, immediately north of the crest of a low ridge that extends

west from Laidlaw Butte. The plot area has a 3% slope with a north

aspect.

The soil in the plot area is mapped as a Deschutes Sandy Loam

(Coarse-loamy, mixed, mesic Xerollic Camborthid) (Leighty, 1958).

The surface soil and the upper part of the subsoil is a sandy loam

to a depth of about 51 cm. Below 51 cm the subsoil is a gravelly

sandy loam about 13 cm thick over a gravelly loamy sand about 22 cm

thick. The substratum is a gravelly sand (Appendix 2). A number of

stones and boulders occur in the plot area at and just below the

surface. A test pit revealed tall fescue roots to a depth of 135

cm. The area was vegetated almost exclusively with tall fescue.
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Site Preparation and Layout

A soil sample from the plot area was analyzed to determine its

nutrient status. Fertilizer was applied to the plot area in May,

1982 as recommended by the County Extension Agent, except for N.

Super phosphate was applied at a rate of 90 kg/ha and sulfate of

potash at a rate of 112 kg/ha.

Twelve disposal trenches, each 122 cm long, 18 cm wide and 24

cm deep were dug in the plot area (Fig. 1). The trenches were

filled with 16 cm of drain rock (2 cm 6.4 cm; porosity 40%) in

which a 90-cm long section of 2-cm diameter perforated polyvinyl

chloride (P.V.C.) pipe was installed level and about 7.5 cm above

the bottom of each trench. At one end of the pipe was an elbow with

a 2-cm diameter riser to the ground surface. The gravel was covered

with filter fabric and backfilled with soil and tall fescue sod.

It was necessary to offset every other row of trenches (Fig. 2)

to avoid most of the stones and boulders within 24 cm of the

surface. Stones had to be removed from the trench in plots Cl and

Ml.

A few bare spots occurred within 60 cm of some trenches. These

were filled with sod. The site was sprinkled until May 20, 1982 to

allow this sod and the sod over the trenches to become established.

All the grass in the site was mowed at that time to a uniform

height; clippings were discarded.
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which NO3- solution seeped into the soil.
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from distribution apparatus

M3 C3 H3

*Plot number. The letter signifies the treatment
(H = high, M = medium, L = low) and the number
signifies the replication.

Fig. 2 - Disposal trench and distribution pipe layout in the plot
area. The distribution pipe conveyed the NO3 solution

to the disposal trenches for seepage into the soil.
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Distribution System

A schematic of the distribution system is shown in Fig. 3. The

NO
3

solution was mixed in a 1200 L mix tank weekly. The solution

was pumped from the mix tank to a 53.7-L dose tank. The solution

moved by gravity flow from the dose tank through the rest of the

distribution system to the trenches. Three 53.7-L doses were

released from the dose tank daily.

The dosing frequency was controlled by a timer-actuated valve.

The solution flowed from the dose tank to the master splitter where

it was split seven ways. Four parts (30.7 L) went to trenches

treated at the high-rate, two parts (15.4 L) to those treated at the

medium-rate, and one part (7.7 L) to those treated at the low-rate.

The 30.7-L flow to the high-rate treatment went directly to the

high-rate treatment splitter which split it equally three ways. One

third (10.2 L) went to each of the three high-rate treatment plots.

The 15.4-L flow from the master splitter to the medium-rate

treatment went first to a dosing siphon. The 7.7-L flow from the

master splitter to the low-rate treatment also went first to a

dosing siphon. A cross-sectional drawing of the dosing siphons used

in this study is presented in Fig. 4. Appendix 3 is a brief

explanation of how a dosing siphon operates.

The medium- and low-rate dosing siphons were set to store 29.5

L before discharging. Therefore, the dosing siphon for the

medium-rate treatment discharged alternate times the pump and valve

cycled and the one for the low-rate treatment every forth time the
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solution tank
(1200 L)

overflow pipe

pump

dose tank
(53.7 L)

solenoid valve

master splitter

to disposal trenches

dosing
siphons

treatment
splitters

Fig. 3 - Schematic of the apparatus used to distribute the NO3
solution to the high-, medium-, and low-rate treatments;
and water to the control treatment.



14

F
A

50 cm

40 cm

Top view

auxiliary
siphon

vent
bell

maximum 13

water cm
level

tank

trap

Section A-A'

'7

A'

outlet
pipe

13 cm

Fig. 4 - Top and cross-section views of the dosing siphon used
in this study.
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pump and valve cycled. The flows from the medium- and low-rate

dosing siphons were split equally three ways by the medium- and

low-rate treatment splitters, respectively. One third (10.2 L) of

the flow from each treatment splitter went to each of the three

plots in that treatment.

Ten liters of water were distributed to each control-treatment

plot each day. The dosing siphon for the control treatment was set

to discharge 30 L. It was filled by hand. The flow from the siphon

was split equally three ways by the control-treatment splitter, with

one third (10.0 L) distributed to each of the control plots.

Apparatus

A 1-m3 hole was dug and lined with two layers of 6 mil plastic

to form the mix tank. The top of the mix tank was framed with

boards 5-cm thick by I5-cm wide and covered with a plywood lid. A

guage was installed and marked at 53.7-L intervals. The tank

contained a 7-day supply of solution.

A Teel self-priming marine utility pump was used to pump the

solution from the mix tank to the dose tank. The inlet to the

intake pipe at the bottom of the mix tank was screened with a fine

nylon mesh. The pump was activated three times daily by a Toro ICA

solid state irrigation controller.

The dose tank was made from a plastic trash can. It contained

an average of 53.7 ± 0.2L of solution between the invert of the

outlet at the bottom of the can and the invert of the overflow near

the top of the can.
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The irrigation controller was set so that the pump ran for 5

min. This allowed sufficient time for the solution to fill the dose

tank to the overflow pipe and begin running back to the mix tank.

Five minutes elapsed between the time the pump shut off and the

outlet valve opened to allow the solution to drain to the invert of

the overflow.

An Asco 24-volt solenoid valve actuated by the irrigation

controller was used to release the solution from the dose tank. It

remained open for 15 min to allow the tank to drain to the invert of

the outlet.

The splitters were made from plastic buckets. There were seven

outlets from the master splitter (Fig. 5) and three outlets from

each of the treatment splitters. The buckets were mounted on

plywood platforms. Each platform was supported on three leveling

screws which rested on three metal posts driven in the ground from

45 cm to 90 cm deep. A 1.3-cm P.V.C. pipe delivered solution into

the center of each splitter. This pipe was surrounded by a plastic

container that acted as a stilling chamber to quiet the turbulence

of the water before it reached the outlets.

The solution flowed from the treatment splitters to the plots

through 2-cm diameter P.V.C. pipe.

Dosing siphons were constructed from 40-L plastic tubes. Clear

plastic 0.5-L freezer containers were used for the siphon bells.

The traps were formed from 1.6-cm flexible plastic tubing. The

siphons were set to store about 30 L of liquid before discharging.

All openings on all components of the distribution system were
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outlet -

5 cm

Top view

26 cm

stilling
well

inlet
pipe

AA

16 cm

Section A-A'

Fig. 5 - Top and cross-section views of the master splitter used
to split the NO3- solution flow to the high-, medium-,
and low-rate treatments.
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screened or covered to prevent the entrance of insects and other

fauna. The splitters and dosing siphons were covered with black

plastic to prevent the growth of algae.

Nitrate Solution

The NO3 was formulated by mixing 233 g of commercial

grade Ca(NO3 )
2

fertilizer with 1128 L of water. The guaranteed

NO3 -N analysis of the fertilizer was 14.5%. The solution had a

NO3 -N concentration of 30 mg/L.

Harvesting

The grass was harvested from the plots three times during the

summer (July 30, August 21, October 2), just as seed heads began to

emerge. It was cut to a height of 12 cm. The clippings were dried

at 54°C and stored in sealed plastic bags.

The boundary of each plot was determined visually. At the

boundary there was an abrupt change in the the color of the grass

and in the height of growth. A rotary mower with a clippings bag

was used to harvest the plots. The grass outside the plot

boundaries was mowed first and the clippings discarded. The

boundaries were irregular (Fig. 6) so some hand clipping also was

necessary.

After each plot was harvested its area was determined by laying

a string grid over it and counting the number of squares within the

plot. The area of the grass in partially filled squares, at the

edge of each plot, was estimated visually. The grid consisted of
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disposal trench plot boundary
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2
Fig. 6 - Shape and area (m ) of the plots around the disposal

trenches.
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strings secured to a wooden frame at 10 cm intervals so that they

outlined squares each with an area of 100 cm 2
.

The three cuttings from each plot were mixed together in a

plastic bag and a subsample taken by hand from the bag. Each

subsample was analyzed for total-N, NO3-N, P, K, Ca, and Mg

(Table 1). These analyses were done at the plant analysis

laboratory at Oregon State University.



21

Table 1. Chemical analysis data of the tall fescue harvested
from the plots in this study to determine the nutrient
content of the grass.

Plot Total
N %

NO -N
ppm

Ca Mg

H1 2.95 3500 0.19 2.96 0.46 0.34
H2 2.95 3200 0.20 3.15 0.44 0.34
H3 2.89 2600 0.18 2.91 0.47 0.31

M1 2.84 1400 0.16 2.68 0.42 0.29
M2 2.78 1500 0.16 2.44 0.38 0.27
M3 2.84 1400 0.16 2.80 0.45 0.31

Ll 2.11 380 0.17 2.54 0.45 0.30
L2 2.17 300 0.18 2.87 0.43 0.29
L3 2.17 460 0.16 2.52 0.45 0.31

Cl 1.56 20 0.23 2.12 0.62 0.35
C2 1.37 30 0.26 1.53 0.66 0.34
C3 1.37 30 0.25 1.28 0.62 0.32



RESULTS AND DISCUSSION

Distribution apparatus
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The mean (± S.E.) volume of a dose from the dose tank was 53.7

± 0.2 L (Table 2). There was a slight increase in the volume of the

dose during the study period. The average increase between April 24

and July 3, and between July 3 and October 9 was 0.3 L. This

increase may have been due to a slight stretch in the plastic of the

trash can used for the dose tank.

The master splitter was designed to discharge an equal quantity

of solution through each of 7 orifices. The flow from orifices 1,

2, 4, and 5 was combined and piped to the high-rate treatment

splitter. The flow from orifices 6 and 7 was combined and piped to

the medium-rate treatment dosing siphon, and the flow from orifice 3

went to the low-rate treatment dosing siphon. The projected flow

split for the combined flow was 57.1%, 28.6%, and 14.3 % to the

high-, medium-, and low-rate treatment plots, respectively.

Although the splitter did not achieve an equal seven way split

the mean combined-flow split to each treatment was within 1% of the

design flow split (Table 3).

The treatment splitters were designed to split the flow to each

treatment into three equal parts, discharging one third to each

replication. The flow from each treatment splitter was set on May

24 and July 4 so that one third of the flow plus or minus 0.5%

discharged from each orifice (Tables 4, 5, 6, and 7). The high-rate



Table 2. Measurements of the discharge volume of the dose tank
used in this study.

April 24, 1982
Volume (L)

July 3, 1982
Volume (L)

23

October 9, 1982
Volume (L)

RUN 1 53.450 53.850 53.950

RUN 2 53.425 53.650 53.975

RUN 3 53.525 53.675 54.100
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Table 3. Master splitter flow-split measurements used to
determine the proportion of solution discharged to
each treatment.

April 24, 1982

RUN 1

Orifice Flow Flow Treat- Combined Combined

# (ml) % ment flow (ml) flow %

1H* 7725 14.5 High 30,650 57.3

2H 9200 17.2

3L 7625 14.3 Medium 15,175 28.4

4H 7400 13.8

5H 6325 11.8 Low 7625 14.3

6M 7550 14.1

7M 7625 14.3

53,450

RUN 2

1H 7675 14.4 High 30,675 57.4

2H 9225 17.3
3L 7625 14.3 Medium 15,125 28.3

4H 7450 13.9
5H 6325 11.8 Low 762 5 14.3

6M 7500 14.0
7M 7625 14.3

53,425

RUN 3

1H 7700 14.4 High 30,900 57.7

2H 9300 17.4

3L 7600 14.2 Medium 15,025 28.1

4H 7525 14.1

5H 6375 11.9 Low 7600 14.2

6M 7475 14.0

7M 7550 14.1

53,525

*Upper case letters indicate the treatment to which the
flow from that orifice discharged.
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Table 3.

July 3,

(cont.)

1982

RUN 1

Orifice Flow Flow Treat- Combined Combined

# (ml) % ment flow (ml) flow %

1H 7800 14.5 High 31,375 58.3

2H 9100 16.9

3L 7475 13.9 Medium 15,000 27.9

4H 7675 14.3

5H 6800 12.6 Low 747 5 13.9

6M 7600 14.1

7M 7400 13.7

53,850

RUN 2

1H 7800 14.5 High 31,325 58.4

2H 9125 17.0

3L 7550 14.1 Medium 14,775 27.5

4H 7700 14.4

5H 6700 12.5 Low 7550 14.1

6M 7375 13.7

7M 7400 13.8

53,650

RUN 3

1H 7775 14.5 High 31,325 58.4

2H 9125 17.0

3L 7500 14.0 Medium 14,850 27.7

4H 7725 14.4

5H 6700 12.5 Low 7500 14.0

6M 7525 14.0

7M 7325 13.6

53,675
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Table 3. (cont.)

October 9, 1982

RUN 1

Orifice Flow Flow Treat- Combined Combined
(m1) ment flow (ml) flow %

1H 7125 13.2 High 30,875 57.2

2H 8150 15.1

3L 7500 13.9 Medium 15,575 28.9
4H 8500 15.8
5H 7100 13.2 Low 7500 13.9
6M 7900 14.6

7M 7675 14.2
53,950

RUN 2

1H 7200 13.3 High 30,625 56.7
2H 8125 15.1

3L 7500 13.9 Mediun 15,850 29.4
4H 8375 15.5
5H 6925 12.8 Low 7500 13.9
6M 8050 14.9
7M 7800 14.5

53,975

RUN 3

1H 7175 13.3 High 30,850 57.0
2H 8225 15.2
3L 7600 14.0 Medium 15,650 28.9
4H 8450 15.6
5H 7000 12.9 Low 7600 14.0
6M 7925 14.6
7M 7725 14.3

54,100
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Table 4. High-rate treatment splitter flow-split measurements used
to determine the proportion of solution discharged to
each replication.

Orifice

May 24, 1982

Flow

July 4, 1982 Oct. 9,

Flow

1982

Flow

RUN 1 1 33.0 33.0 33.3

2 33.5 33.7 33.3

3 33.5 33.3 33.3

RUN 2 1 33.4 33.4

2 33.1 33.4

3 33.4 33.1

RUN 3 1 33.3 33.4

2 33.3 33.3

3 33.3 33.3

Table 5. Medium-rate treatment splitter flow-split measurements
used to determine the proportion of solution discharged
to each replication.

Orifice

May 24, 1982

Flow

July 4, 1982 Oct. 9,

Flow

1982

Flow
%*

RUN 1 1 33.4 33.3 34.4

2 33.3 33.3 32.1

3 33.3 33.3 33.5

RUN 2 1 33.5 34.8

2 33.2 31.5

3 33.2 33.7

RUN 3 1 33.3 34.9

2 33.6 31.5

3 33.1 33.6

*The difference in the mean percent flow between
orifices on Oct. 9, 1982 is significant (0.05 level).
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Table 6. Low-rate treatment splitter flow-split measurements used
to determine the proportion of solution discharged to
each replication.

Orifice

May 24, 1982

Flow

July 4, 1982 Oct. 9,

Flow

1982

Flow

RUN 1 1 33.3 33.3 34.4

2 33.6 33.3 32.3

3 33.1 33.3 33.3

RUN 2 1 33.4 34.7

2 33.2 32.5

3 33.4 32.8

RUN 3 1 33.5 34.7

2 33.2 32.3

3 33.2 33.0

*The differences in the mean percent flow between
orifices on Oct. 9, 1982 is significant (0.05 level).

Table 7. Control-treatment splitter flow-split measurements
used to determine the proportion of solution discharged
to each replication.

Orifice
#

May 24, 1982

Flow

July 4, 1982 Oct. 9,

Flow
70

1982

Flow
70

RUN 1 1 34.2 33.0 33.3

2 32.9 33.0 33.5

3 32.9 34.0 33.3

RUN 2 1 33.2 33.3

2 33.2 33.3

3 33.5 33.3

RUN 3 1 33.1 33.4

2 33.3 33.2

3 33.6 33.4
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splitter and control splitter stayed in adjustment throughout the

study. The flow distribution of the medium-rate splitter and

low-rate splitter changed from an equal three-way split as set on

July 4 to an average split on October 9 as follows:

medium rate 34.7% 31.7% 33.6%

low rate 34.6% 32.4% 33.0%

In both instances the change was significant (0.05 level). The mean

discharge for each orifice between the July 4 and October 9

measurements was used in calculating the weight on N applied and the

proportion of N recovered.

All splitters were cleaned and adjusted on July 4 because of

the growth of algae in all containers open to light. After

cleaning, all the splitters and the dosing siphons were covered with

black plastic.

Nitrogen Recovery

Grass grew around the disposal trenches in response to the

solution seeping from them. The high-rate treatment plots were the

largest with a mean area of 1.66 ± 0.03 m
2

(Table 8, column 2). The

medium-rate treatment plots and control-treatment plots had a mean

area of 1.29 ± 0.07 m
2
and 1.05 1 0.07 m2 , respectively. The

low-rate treatment plots were the smallest with a mean area of 0.97

± 0.10 m
2

. The high-rate plots probably were larger because more

solution was available for lateral seepage in them than in low-rate

plots.
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Table 8. Data summary of measurements (columns 2, 3) and analysis
results (column 4); calculated N uptake amounts
(columns 5, 6) and N recovery rates (column 8) of grass
harvested from the plots. Amounts of N applied to
the plots (column 7).

1. 2. 3. 4. 5. 6. 7. 8.

Dry N Mass Mass Mass N

Plot Plot mass in N in sol'n N N ap- recov-

# area grass grass grass in grass plied ered*
(m2) (g) (%) (g) (g) (g) (7)

H1 1.63 1144.0 2.95 33.7 32.2 123.4 26.1

H2 1.71 1267.9 2.95 37.4 35.8 123.4 29.0
H3 1.64 1348.0 2.89 39.0 37.4 123.4 30.3

M1 1.41 773.3 2.84 22.0 20.6 63.1 32.7

M2 1.16 721.5 2.78 20.1 18.9 60.2 31.5
M3 1.30 711.6 2.84 20.2 19.0 61.9 30.6

Ll 0.77 381.1 2.11 8.0 7.3 31.5 23.2
L2 1.02 445.7 2.17 9.7 8.7 30.4 28.6

L3 1.11 382.2 2.17 8.3 7.2 30.7 23.5

Cl 1.00 84.2 1.56 1.3
C2 1.18 57.3 1.37 0.8
C3 0.96 62.1 1.37 0.9

*The difference in mean percent recovery between the
medium- and low-rate treatments (6.6) is significant.
The difference between the high-rate and medium-rate
(3.2) or low-rate (3.4) treatments is not significant.
L.S.D. (0.05) = 4.46
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Mean grass yields among the four treatments were closely

related to the amount of N applied (Table 8, column 3 and 7). The

high-rate treatments produced the highest yields.

The percent N in the grass also was related to the amount of N

applied, although not as closely as the mean grass yield (Table 8,

columns 4 and 7). Brown and Thomas (1978) reported that the mean N

concentration in the grass they harvested over experimental disposal

trenches was 1.48%. The mean concentrations of N in the grass in

the study reported here were 2.93 ± 0.02%, 2.82 ± 0.02%, 2.15

± 0.02%, and 1.43 ± 0.06% in the high-rate, medium-rate, low-rate

and control treatments, respectively.

The total mass of N in the grass from each plot was determined

by multiplying its N concentration by the yield. This mass,

however, included not only N obtained from the NO3 solution but

also N obtained from that which was already present in the soil.

The mean mass of N in the grass from the control plots was used

to estimate the proportion of N, in the grass of the other treatment

plots, that originated in the soil. By use of these proportions the

mass of N in the grass from the solution was calculated.

The mean mass of N recovered by the grass from the solution was

35.4 ± 1.54 g in the high-rate treatment, 19.6 ± 0.55 g in the

medium-rate treatment and 7.7 ± 0.48 g in the low-rate treatment

(Table 8, column 6). The total mass of N in the grass was 1 to

1.5 g greater than the mass of N in the grass from the solution

(Table 8, column 5).

During the 134-day study period 123.4 g of NO3-N were applied



32

to each of the high-rate plots, and a mean of 61.7 t 0.8 g to each

medium-rate plot and 30.9 t 0.3 g to each low-rate plot (Table 8,

column 7). Assuming that the solution was distributed evenly over

the entire plot, the mean application rate was 744, 481, and 328

kg/ha, respectively (Table 9, column 3). The mean application rate

does not change by the same proportion between treatments as does

the mean mass of N applied because the high-rate plots are larger

than the low-rate plots.

The mean percent of N recovered by the grass during the 134-day

study period ranged from a low of 25.1 ± 1.8% on the low-rate plots

to a high of 31.7 t 0.6% on the medium-rate plots (Table 8, column

8). An analysis of variance (ANOVA) was used to test the

significance of the differences in mean percent recovery of N

between the treatments. The means were not all equal at the 0.05

level. The least significant difference (LSD), in mean percent

recovery of N, at the 0.05 level is 4.3%. Therefore the difference

in mean percent recovery of N between the medium- and low-rate

treatments (6.6%) is significant. However neither the difference in

mean percent recovery between the high- and medium-rate treatments

(3.2%) nor between the high- and low-rate treatments (3.4%) is

significant. These data fail to support the hypothesis that

reducing the application rate of effluent in a sandy soil would

increase the proportion of N recovered by grass.

Assuming that the main growth period for the grass coincided

with the 134-day study period, the percent recovery of N on a yearly

basis for all the treatments is around 9%. Brown and Thomas (1978)
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Table 9. Calculated grass yields from the study plots and
application rates of N and water to the plots.

134 days 1 year

1. 2. 3. 4. 5. 6. 7.

Dry Amount Depth Depth Amount Depth

Plot mass N water water N water

# grass applied applied applied applied applied

(kg/ha) (kg/ha) (cm) (cm/d) (kg/ha) (cm)

H1 7018 757 252 1.9 2047 688

H2 7415 722 241 1.8 1952 655

H3 8220 752 251 1.9 2033 683

M1 5484 448 149 1.1 1211 406

M2 6220 519 173 1.3 1403 471

M3 5474 476 159 1.2 1287 432

Ll 4949 409 136 1.0 1106 372

L2 4370 298 99 0.7 805 270

L3 3443 277 92 0.7 749 251

Cl 842 134 1.0 365

C2 486 114 0.8 309

C3 647 140 1.0 380

To calculate the above application rates it was assumed
that the solution was distributed evenly over the
entire area of each plot.
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reported an 8.9% N recovery rate for grass growing in a sandy soil.

The total mass of N in the grass was plotted against the total

mass of N applied to each disposal trench. The relationship of

these variables is linear through the range of data points obtained

in this study (Fig. 7), because the percent N recovered was

essentially the same for each treatment.

On a yearly basis the amount of Nand water that would have

been applied to the grass, even in the low-rate plots, was in excess

of the crop needs (Table 9, column 6). However, during the study

period the mean amount of N applied (280 kg/ha) to the low-rate

plots was slightly less than the published annual N requirement (308

kg/ha) for tall fescue (USEPA, 1975). The mean amount of water

applied per day, to the low-rate plots (0.8 cm/d), exceeded the peak

consumptive use requirement (0.53 cm/d) for pasture grass in the

Bend area by 50% (Watts et al., 1978).

It is unlikely that the solution was distributed evenly over

the entire plot area as was assumed in calculating the amounts of

water and N applied per hectare that are noted above and in Table 9.

Much of the solution probably leached out of the root zone directly

below the disposal trenches because of the coarse-textured soil.

This would have caused a shortage of N and probably water in the

low-rate plots and possibly in the medium-rate plots, especially

toward the plot edges, and would account for the lower yields from

these plots.

To realize the N recovery benefit from grass growing over a

disposal trench, it is necessary to remove that grass from the
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Fig. 7 - Regression analysis of the mass of N in the grass per
unit area (dependent variable), with the mass of N
applied to the plots per unit area (independent variable).
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disposal area. Using it as livestock feed must be done with caution

because of potential NO
3

poisoning (Cope, 1981; Wright and Davison,

1964).

Nitrate Toxicity

The mean NO3 -N concentration in the grass from the high-rate

plots was 3100 ± 265 ppm (Table 1). At this NO3-N concentration the

percent NO
3

in the grass is 1.36%.

According to Cope (1981), when the NO3 level in forage reaches

1% of the total ration, NO 3 poisoning may occur. Several factors

effect the level of NO
3

that cattle can tolerate. Nitrate is less

toxic if (1) the animal is conditioned to eating high NO3 feed

gradually, (2) the animal is healthy and (3) adequate amounts of

carbohydrates are available (Cope, 1981).
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SUMMARY AND CONCLUSIONS

A solution with a NO3 -N concentration of 30 mg/L was introduced

through shallow disposal trenches into a sandy soil vegetated with

tall fescue. The daily application rates of the solution were 25.2,

12.6, and 6.3 L/m of disposal trench for the high-, medium- and

low-rate treatments, respectively.

Reducing the application rate of simulated sand-filter effluent

in a sandy soil did not significantly (0.05 level) change the

percent of N recovered from the effluent.

The application rate of the solution, in the high-rate

treatment, was set to match the application rate of effluent from an

actual sand-filter system serving a single family residence.

Therefore, this study suggests that installing longer disposal

trenches in a sandy soil would not be of value in increasing the

efficiency of N recovery from sand-filter effluent by grass.

Nitrate poisoning of cattle could occur if the grass from the

high-rate plots made up their entire ration.
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Appendix 1. Typical sand-filter system and cross section of
a sand filter.
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Appendix 2. Soil profile description of the soil in the plot
area.

Ap 0-22 cm. Very dark grayish brown (10YR 3/2) sandy loam;
moderate, fine granular structure; friable; nonsticky;
nonplastic; many very fine and fine roots; clear smooth
boundary.

E 22-51 cm. Very dark grayish brown (10YR 3/2) sandy loam;
moderate, medium subangular blocky structure; friable;
nonsticky; nonplastic; common very fine roots; clear smooth
boundary.

2B 51-64 cm. Dark brown (10YR 3/3) gravelly sandy loam; strong,
medium subangular blocky structure; firm; slightly sticky;
slightly plastic; common fine tubular pores; common very fine
roots; clear smooth boundary; 41% gravel.

2BC 64-86 cm. Dark brown (10YR 3/3) gravelly loamy sand; strong,
medium subangular blocky structure; firm; nonsticky; nonplastic;
common very fine roots; clear smooth boundary; carbonate
coatings on lower surfaces of gravel fragments; 33% gravel.

2C 86-135 cm. Dark brown (10YR 3/3) gravelly sand; single grain;
loose; few very fine roots; 35% gravel.

Colors are for moist soil.

Location: 75 meters east of the house at 64645 Mock Rd., Bend.
Section 35, T16S, R11E, Willamette Meridian.

Slope: 3%

Date: July 30, 1982

Described by: Thomas D. Hall
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Appendix 3. How a dosing siphon operates.

When first starting a dosing siphon, the trap must be filled

with liquid manually, thereafter it remains full.

At the beginning of a cycle the incoming liquid starts to fill

the tank. When the liquid rises to the open end of the auxiliary

vent it seals the air inside the siphon bell. Then as liquid

continues to fill the tank, it exerts a pressure on the air trapped

inside the siphon bell, which begins to force liquid down and out of

the long leg of the trap.

When there is a sufficent head of liquid in the tank to

displace all of the liquid in the long leg of the trap, air is

forced around the lower bend into the short leg of the trap. This

upsets the balance and the siphon begins to discharge. It continues

to discharge until the liquid level in the tank reaches the lower

edge of the siphon bell and air bubbles into the bell. This stops

the discharge and another cycle begins.


