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Absirnct. The applicatlon of septic tanks can be enhanced by replacing
septle tank leaching ficlds with microbialfplant filters. BODyg and total sus-
pended golids (TSS) can be reduced boldw the EPA secondary effluent dis:
charge standing of 30 mgsf or less by adding plasticlined reed (Phragmites
cammunizhmicrobial rock filters n sorlon with septile tanks. Nutrient removal
can also be accomplished by adjusting the filter depihs and the hydraulic de
tentlon time,

Introduction. The dispossl of domestic wagtewater in such a manner &5 o

A prevent contamination of surfsce and groundwater s o pever-cmding sinagicle
Partially treated waste from septic tanks can slowly seep Into groundwater
suppdies from which rural and uiban populations receive their drinking woter,

Septic tanks are used principally for trentment of waste from individual
realdlences, Inrural arens thay are alio used for estoblishments such ns schosls,
parks, rest areas, and private dovelopments, The septic tank is a simplifsed
form of s spnorobie digeater. Waste s partially degraded snd stalalesd by
anacroble microorganisms which live in the alsence of free oxygen and utilize
chomically bound oxygen to motabolize and brenk down organic materials
found in wastewater., Effluent from anserobic digesters such as seplic Lanks
rormally consisis of a dark, edorovs aulfide lguld solution stil high in bio-
chemical oxvgon demanding (BOD) substonces which require further treats
manl. This liquid fraction from a septle system is distributod back into the
enviranment via a deadn field wndor standard operaling conditions,

b areas where septic tonk systems are very concenlrated such as private
developmaonts, the land can become saturatad with the soptic discharge. Excess
orpanics, nutrionts, olc. can cause unacesptable odors and saturate the earthin
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the vicinity of the draln flold with the renell polluting noarhy lakes and
slreams,

Rocently an advanced wostewnler troatment process has boon dovebepod
at NSTL thraough & joint NASAFEPA program which combines microblal filcer
tochnology with the vancular aquatic plant wastewater troatment teclinalagy
to produce an efficient hybrld system (1-4). This aystem uses rooted, cold-
tolerant plants such as the comman reed (Phragmites communis] Erowing in
the sucface aves of a mlerobinl rock fllter bed.

The resdfmicrobial filter unit can ba used to further troat wastewater from
which the sludge hes been removed such as that from = geptie tank, A plastic
lined plant/microbital rock filter can ba used to reploce denin flelds normally
used with septic tanks, This new system will ollow neptie tonks Lo be installed
in most any location. Combination septic tank and plant/microbial rock. filter
systems were used Lo replace sernled packago plants st e Marth and South
THeception Centers at the National Space Technology Laboratories. Data fram
the first yeor of operation of thesa new sy slams is prosanted in this report and
compared to the previous year's average data from the gepated package plants.

TDrescription of Syetems. In 19E1 an aerated package treatment system at
NETL's South Ieception Conter was replacod with a septie tank and roed
{Phragmites eommunis|frock filtor system { Figure 1). The system consists of &
2.8 md (1,000 gal) seplic tank in nerbes with a read/rock filter, Th filter bed
consists of 8 metal trough measaring 122 mx LB mx 2. T4 m (4" x 6 x 91 The
traugh wan filled almant Lo the top with pockn (2676 em in diameter]. The top
15 em waa filled with pea gravel (0.25-1.27 cm in diameter] and planted with
reeds (Phragmites eammunisl. The resulting filter bed has an estim pled void
volume of 3.0 m? (800 gall, The system recelves approximately 1.9 gk (500 jeal)
of raw sewnpe per day from 1518 office workiers,
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In 1862 the perated package plant ol the NETL North Receptlon Conter
was also raplaced with a 3.8 m3 (1,000 gal) l-agl'.ic tank and a similar rock filter
Led having an eatlmatod vold volume of 1.9 md (500 gal). The filter waa covored
with plastic and maintalned free of reeds. The effluent from the anserobie fllter
Mawn Lhrough & (hird component conalating of 6.1 m (20 ft) of 5.4 cm (10")
diameter plastic plpe containing reods planted (b rocks (2.6-7.6 em in dinmater).
Habos wern cut out of the top of tho pipes for adding rocke and planta (Figure
2). This system receives approximately 1.9 m® (800 gal} daily of wastewater
from 16 alfice workara,

Monitoring and Analytlcal Prooedures. Grab anmplos wero collected from
dischnrge pointy once a week. Due to the canfiguration of the syatem, it was
not possibld toscollect an initial snmpla or one from the septie tank dischnrge
point. The samples were analyzed for S-doy blochemical oxygen demond
(BODg), total suspended solids (TSS), dissolved oxygen (DO, and pH ac-
cording to Standard Methods (6),

Itesults. By adding reed/microbial filters to anserobic digesters or septic
tanks, o high quality effluent can be obtained, Figures 1 and 2 show how pack-
age plants can be reploced by septic tanks and filters or how popile tanks can
be upgraded o produce a high quality waste effluent.
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K5TL damestic wastewater effluents must meet EPA and State secon-
dary standards of 30 mg/ or less of BODg and tatal suspended sallds [TS5).
S0 the ohjectives in replacing the package plants at the reception centers with
septic tankfresd-rock filtars waro to meet EPA and State standards while re-
duging malntenanee and operating costs o NSTL. Tables 1 and 2 demonstrate
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the efficiency of this hybrid system in meeting gocaondary standards whila
iminating proctically all oparntional and maintanance costs, Tuble 3 demon-
strates the poor quality of effluent discharged from the package planis during
1979, All data on the new hybrid system obtained Lo dote from bath the South
and Morth Reception Centers are simllar to the [lirat-year data presented In
Taliea 1 and 2.

Dincussion. The design of a plant/microbial rock filter for BODg and TSS
reductlon is less erltical as to depth and hydraullc detention tima if nitrifica-
tion/denitrification is not impartant, The NSTL effluent discharge permits do
not require pulrent removal. Therofore, conditlons for nutrient romoval wiré
not considered dn constructing these syslems,

feduced forms of nittogen such as ammonia and organle nitrogen aro nor
mully found [n effluent from anaeroble treatmont procestes such ai aeptic
tonks. Therefore, the design for nitrogen removal from septic Lank effluent is
critical as to dopth of filter and hydraulic detention times, Since autatrophic
nltrifying bocterin have a growth rote that is much slowor than the letere:
trophic baeteria which predominates in the annerobic septic tank, a longer
mean eoll resldence time is required In the plantfroch Mtor systom. Aquatic
plants such as reed (Phragmites communis) release small amounts of sxygen
traim thelr rools inte water in which they grow, Recant studies with plantfrock
filters () sugpgest that agquatic plant roots are contributing suflicient oxyen Lo
aepitie tonk-Lypo elfluent liquid to enhance nitrilication, but not enough to sus-
tain this zone in & complete aerobic stake. Thereforo, pnaxle conditions eon:
ducive to denitrification also prevall, Since nitrite is an inlermediate in bath
tlie mitrification and denlirificatlon processes, tho most pratinlle W pathway |5

Ammanilicotion
Orpanic Mitrogen et e NH:

rarieal -
Hlirfientlon NO, DentrilicnLisn NEI

o ono must consider Uhe elfluent quality desired in designing the plant/rock
filter for treating effluent from anaérobic processes. Shallow filter depths with
increased hydraulic  detention  times  are required o schiove nitrifica:
tion/denitrification,

By replacing leaching flelds with plasticdined rock/plant filiers, septle
tanke can e usoed in areas where they were previously banned Lakefront
develnpments that presently have septic tanks are excellont candidatos [of U
radingz wslng this filter pracess.



Toble 1. Data from Wastewster Treatment System Shown in Figaee 1. _
NSTL SOUTH GATE WASTEWATER EFFLUENT QUALITY,
. i
REED/MICROBIAL FILTER SYSTEM
AV. MONTHLY CONC.. MG/L

EE

MONTH BODs TSS Do
AUGUST 1381 1n B 5.0
SEPTEMBER 13 2 53
OCTOBER 15 4 57
NOVEMBER 21 4 6.0
DECEMBER 2 . 7 51
JANUARY 1982 - 18 1 50
FEERUARY 21 12 5.0
MARCH 12 17 55
APRIL i | 5 5.0
MAY 12 5 50
JUNE 16 15 i
JULY 18 & 2.0

pH

T4
T4
75
75
T4
T8

73
76
78
8
71
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Table Z.

MONTH

AUGUST 1982
SEFTEMBER
OCTOBER
NOVEMEBER
DECEMBER
JANUARY 1953
FEBRUARY
MARCH
AFPRIL

MAY

JUNE

JULY

NSTL NORTH GATE WASTE WATER EFFLUENT QU#L[T‘!":.._.F

fl

34
27
i)
42
46
-]
42
55
47
=0
36
34

BODs
n

T4
8.0
6.5
2.0
4
157
11.7
24.0
15.0
25.0
162
=

REED/MICRORIAL FILTER SYSTEM

AV. MONTHLY CONC_.MG/L

i

0.5
8.0
9.3
a8

215

' 15.0

20

2.7

180

5.8

6.8

39.0

1 = ANAERONDIC ROCK FILTER EFFLUENT

2 = MICROBIAL/REED ROCK FILTER EFFLUENT

TES

E.F.A. Permit Levels of 30 mg/l or Less of BODg and TSS Required

n

0T
a8
i -]

1.2
0.5
1.0

0.8
1.1

0.5

2z
20

23
2
&1
&5
4.7
a5
iz

24

+

r

75
7.6
7.4
T.6
1.6
T4
74
71
6.4
6.4
.0
7.1

pH

77
!
1.8
1.7

1.6
1.5
7.3
7.2
1.1
T.8
T.4



Table 3.

HORTIH AND SOUTH GATE WASTEWATER EFFLUENT QUALITY

FrROM

AERATED-PACKAGED PLANTS BEFORE REPLACEMENT

Yearly Average for 1979, mg/f

BOD TSS

Morth Gate . .= %", 1 123

South Gate - - al 100G
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