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NUTRIENT MANAGEMENT

TREATED EFFLUENT RECYCLING
AT GREEK FARM SCHOOL

The farm includes 120 cows and 100 calves (above), as
well as 22,000 turkeys and 15,000 chicken.

OR over a century, the Amer-
ican Farm School (AFS) in
Thessaloniki, Greece has
been a strong advocate of the
holistic concept in education.
Dr. John Henry House,
founder of the school, used to
say, “To educate the whole individual:
the head, the hands, the heart.” Stu-
dents at the School learn math as well
as plowing. The campus houses 470
students and staff, with another 150
living off-campus.

A holistic model also has been em-
ployed for many decades to treat and
recycle AFS’ solid and liquid waste.
Liquid waste comes from the campus
and its educational farm. The farm in-
cludes 120 cows, 100 calves, 22,000
turkeys and 15,000 chicken. All liquid
waste, including campus sewage, milk-
ing house and milk processing effluent,
barn effluent and composting facility
runoff, is collected and treated.

The treatment facilities include a
two stage activated sludge plant, verti-
cal flow reed beds, a concrete aerobic
lagoon (Lagoon A) and a final storage
lagoon (LLagoon B). The Plocher Energy
System, a holistic approach of environ-
mental management, has been used
since 1996 (Willis and Nikolaidis,
2005) with the following objectives:

Maintain strictly aerobic conditions
and reduce pollutants and odors; ORP
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A holistic model is employed at
the American Farm School in
Thessaloniki, Greece to treat and
recycle its solid and liquid waste.
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(oxidation reduction potential) moni-
toring is used throughout the year for
measurement of aerobic activity levels.

Minimize sludge quantities and im-
prove sludge quality.

Maintain high effluent quality in the
storage lagoon and sustain efficient
water use by the irrigated crops.

LIQUID WASTE TREATMENT

Liquid waste at the AF'S is separated
into two lines of treatment: nonanimal
liquid waste and waste of animal ori-

Vertical flow reed beds provide direct
treatment of the organic load in the
lagoon. Each bed is 6.5-feet in diameter
and 5-feet high, and planted with
Phragmites Australis spp.

gin. The nonanimal liquid waste line
includes human sewage, milk process-
ing, slaughterhouse and winery
wastewater. It is treated in the school’s
activated sludge wastewater treat-
ment plant — a two stage process using
coarse bubble air diffusers. An auto-
matic coarse screen and a fine screen (a
rotating drum to separate solids of 0.4-
inch (1 mm) size) are used for pretreat-
ment. Excess sludge is pumped to La-
goon A for further treatment.
Wastewater from the slaughterhouse
facility also goes through a coarse and
a fine screen and then flows into La-
goon A for further treatment.

The animal liquid waste slurry is de-
livered to the treatment facility in a
small tank pulled by a tractor. The
slurry is emptied into a homogeniza-
tion tank. Wastewater from the milk-
ing facility is pumped to the same tank
to give the right consistency to the slur-
ry. The homogenized slurry is pumped
to a solids separator; the liquid part
flows to Lagoon A for treatment. Solids
greater than 0.3 inches (75 mm) are
separated and treated (see below).

Lagoon A has a depth of 20 feet (6 m)
and a volume of 20,000 m? and accepts
a considerable amount of rain runoff.
Several treatment systems are used to
maintain aerobic conditions and reduce
odors, digest and minimize sludge set-
tled to the lagoon bottom and improve
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the water quality flowing to Lagoon B.
Since 2007, vertical flow reed beds pro-
vide direct treatment of the organic load
in the lagoon, improving the microbial
quality of the wastewater. The 16 circu-
lar beds, each planted with Phragmites
Australis spp., are 6.5-feet (2.0 m) in di-
ameter and 5-feet (1.5 m) high. Up to
230 m3/day of wastewater may pass
through the beds, which operate inter-
mittently. Various organic loading rates
have been attempted. The reeds are har-
vested once a year and the top layer
(sand) is cleaned and replenished. In ad-

dition, a floating aerator supplied by
Oloid has been in use since 2009. It ef-
fectively mixes the contents of the la-
goon, especially the bottom sludge, so
that it can be pumped and processed.

After a number of years of slow di-
gestion, sludge in the lagoon is lique-
fied and made suitable for pumping.
During the dry warm months (April to
October), sludge is pumped to an as-
phalt pad and allowed to dry. It is odor-
less and regularly analyzed for soil ap-
plication suitability. This process stops
during the wet season.
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All treated wastewater is collected in
Lagoon B for recycling. The lagoon has
a depth of 13 feet (4 m) and a storage
volume of 40,000 m3. It accepts rain
runoff as well from part of the AFS
campus. Water is stored during the
winter months and is used for crop ir-
rigation from May to September. A UV
unit has been installed for disinfection
of the final effluent before irrigation.

A portion of the animal manure from
the School’s livestock is composted in
an in-vessel facility. The rest is stored
and allowed to mature for almost a
year. Most of the finished compost is
used by AFS for soil amendment, ani-
mal bedding etc. Stored manure is dis-
tributed to farmers in the wider area of
Thessaloniki, following a specific appli-

A floating aerator mixes the contents of
the treatment lagoon, especially the
bottom sludge, to facilitate pumping
and processing.

cation program. The procedure is close-
ly monitored by the School so that cor-
rect farming and sound environmental
practices are followed by the farmers.
About 5,200 cubic yards (4,000 m3) of
manure are distributed annually.

TREATED EFFLUENT RECYCLING

The hot dry summers in Greece are
very demanding in terms of irrigation.
The School operates a state of the art
recycling system for crop irrigation.
Wheat is being cultivated in the winter
and corn in the summer. Both crops
are used for AFS animal feed. Corn is
harvested and turned into silage on
the campus.

A new strict effluent reuse legal
framework has been in place since 2011
(Ministry of Environment, 2011). The
AFS has successfully met the require-
ments and obtained the relevant ap-
proval (Theodoridou and Nikolaidis,
2012). The parameters in question
were: Long term effects of effluent re-
cycling on the AF'S soil; Efficient water
use and sustainable nutrient balance;
and Health and safety of AF'S visitors
and personnel.

Long Term Effects: The long term ef-
fects on the soil were studied by com-
paring soil analyses carried out in the
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A portion of the animal manure from
the American Farm School’s livestock is
composted in an in-vessel facility. Most
of the finished compost is used as soil
amendment or animal bedding.

years 1996 and 2012. Based on grain
analysis, the AF'S soils were character-
ized as clay loam or clay. The soil pH re-
mained slightly alkaline in the range of
8.2 to 8.5. Organic matter in the soil
dropped from 2.0 percent in 1996 to 1.5
percent in 2012. BODj in the treated ef-
fluent has traditionally been in the
range of 70 to 150 mg/L. Higher organ-
ic matter inputs are required for keep-
ing organic matter at satisfactory lev-
els. Soil conductivity has gone up
slightly (1.17 mS/cm in 1996 to 1.53 in
2012). The micronutrient levels in the
soil have not changed much between
1996 and 2012.

Water Use and Nutrient Balance:
Overall irrigation water demands
based on the climatic conditions in the
area for corn cultivation range from
450 to 650 m3/str (1 str = 0.1 ha) which
is equivalent to 450 to 650 mm or 17.5
to 25.3 inches. The area where corn is
planted is close to 10 ha and the total
treated effluent volume applied is ap-
proximately 50,000 m3 (19.5 inches).
The same field is cultivated in the win-
ter time with wheat. Corn planting fol-
lows right after wheat harvesting.

The average nutrient content in the
treated effluent based on biweekly
chemical water analyses, is 92mg/L to-
tal nitrogen (N) and 20mg/L total
phosphorus (P). The annual nutrient

The School’s corn (above) and wheat
crops are irrigated with treated effluent.
The area where corn is planted is close
to 10 hectares.
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amounts in the effluent water are
4,600 kg (5 tons) for N and 1,000 kg
(1.1 tons) for P.

Both the organic and inorganic
forms of N and P are included in these
amounts. The Greek Agriculture Min-
istry’s Guidelines (Ministry of Agri-
culture, 2000, 2002, 2004) for sustain-
able cultivation methods call for the
following fertilizer application rates:
Corn cultivation—18 to 24 kg/str N, 0
to 4 kg/str P; and Wheat cultivation—
9 to 18 kg/str N, 0 to 4kg/str P. The
rates refer to inorganic N and P mass-
es. The combined needs of the field
(corn and wheat) therefore are 27 to 42
kg/str N and 0 to 8 kg/str P. The pres-
ence of nutrients in the recycled efflu-
ent is assumed to be 20 percent in or-
ganic form and 80 percent in inorganic
form. Thus the yearly applied inor-
ganic nutrient loading to the field is
32.2 kg/str N and 8kg/str P.

Health and Safety: One of the key is-
sues in the new treated effluent legis-
lation is the health and safety of com-
munity and workers. A number of
practical requirements have been fol-
lowed by AF'S over the years regarding
safe water application methods, work-
er protection and timing of applica-
tions. Microbiological quality of treated
effluent is of primary importance and

organic waste
into easily

handled
compost

legislation calls for a maximum of 1000
colony forming units (CFU)/100 mL of
E.Coli. Microbial quality analyses on a
biweekly basis for 2011 and 2012 have
shown E.Coli levels in the range of 0 to
20CFU/100mL and only one sample at
110CFU/100mL. |

A.Petras is the Environment and Techni-
cal Works Manager at the American Farm
School. G. Theodoridou is an Environ-
mental Geologist Consultant to AFS.
N.Nikolaidis Environmental Engineer
Consultant to AFS.
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= Expertise in actual composting
= Utilize our experiences in your projects
« Industry leader in bioremediation
of contaminated soils
« Consulting Services and Sales
of Machines Worldwide

. Proven Reputation for Quality and Service
. = Sturdy, Rugged, Low Maintenance, Reliable

. * High Horsepower — High Capacity

. * Wide Range of Standard Models

* Innovative Modifications Designed for Your Project

. » Tracks, Rear-Wheel Drive, High Flotation Options
. Reversible, Variable Speed Drum
. * Choice — Belt or Hydraulically Driven Drum

. * Option of Drum Designs

* Rectangular Tunnel for Maximum Throughput
.+ Excellent Mixing Blending Machine

« Successfully Used in MSW, Sludge, Leaves/Yard
. Wastes, Livestock/Poultry Manures, Crop
Residues, Racetrack Wastes, Paper Mill Wastes,
BioRemediation
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