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SEGREGATION AND SEPARATE TREATMENT OF BLACK AND GREY
HOUSEHCLD WASTEWATERS TO FACILITATE ONSITE SURFACE DISPOSAL!

Robert Siagrist?

For many years, subswface soil disposal via the convgntional septic
tank soil absorption system has been the primsry method for disgosing of
wastewater in unsewered locations. When located, designed, consfructed and
maintained properliy, this system can provide'a very sultsble methed of waste
disposal. Unfortunately, approximately 2/3 of the total land ares in the
United States has soll conditions which are very poorly suited to this method
of disposal (1). Mownd and fill soil disposal systems were developed as an
alternative for certain problem scil areas (2). But, there are many other
areas where even these alternatives do not facilitate subsurface soil disposal.
At present, the only widely accepted alternative for these areas is the uss of
& holding tank with frequent pumping and cff-site disposal. However, its very
high operaticnal cost has for the most part, excluded it from seriocus consid-
grstion.

The lack of adequate wastewater disposal systéms for problem soil arsas
has caused concern for public health and snvironmenzal quality, limited ncn-
urban development, hindered rational land-use planning, and frustrated both
public and private interests. Clearly, 2 need exists for alternative freat-

ment systems whose applications are not dependent on site soil conditions.

_IContribution of the Small Scale Waste Management Project, 1 Agriculture Kazll,
niversity of Wisconsin, Madiscn, Wisconsin 53706. November, 1975.

'ZSpecialist, Civil % Environmental Enginesring, Small Scale Waste Management
Project, University of Wiscomsin, Madison, Wisconsin 53706.



One alternative“currently being evaluated at the University of Wisconsin,
ermploys septic tank or aerohic mit pretreatment of household wastewatar
followed by sand fiitration, disinfection and surfacs disgharge. 4 detailed
discussicn of this elternative may be found in two recen* publications (3, k).

Another alternative which .is under rralimipary investigation utilizes
the in-house separation of the toilet wastes {biack water) and the other
nousehold wastes (grey water) to facilitats their separate treatment znd
dispcosal. This wasta segregation-separate treatment concept appears to offer
certain technolegical advantages over combined wasts treatment, especially
whan considering.surface discharge. If the black waters wers removed from
the liquid waste stresm through use of zn elternative toilet system, the re-
maining grey watsrs should te more amenable to tresiment for wltimate surfacs

disposal. This paper contains a discussion of the theory and apvlication of

h

a means of facilitating an onsite
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wastewater dispesal systenm not dependent on site soil conditions.

BACKCRCUND
Initially the search for improved methods of cn-site wastewater disposal

centered largely around improving trestment and soil disposal tachnology,
Recently, more zttention has been directed toward developing methods for
altéring the charzcteristics of typical housahold wastewater, not oniy 1o
enhance conventional dispesal methods, but to facilizate the davelooment of
alternatives. CF the varicus alteration techniques nrcposed, waste segrega-
ticn appears to offar the greatest petential, especizlly -in regard to faci-
litating the development of am altarnative treatment system not dependent on

Si%e scil conéiticns. To agoreciate tha afficacy o segregating the Slack

i

tment and disposal, requires an undsr-
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standing of how various pollutants are distributed between the two waste

streams,

Typical Combined Wastewster

To provide perspective for subsequent discussicns reiated to the nature
of segregated wastewater, the characfefistics of combined household wastewater
will be examined first. Several studies have been conducted to determine %he
characteristics of typical household wastewater by various investigators

across the cowntry. Although the daily pollutant contributions can vary

considerably gt a given home and between homes, several recent studies (5, 8,
7, 8, 9, 10) indicate the average contributions shown in Table 1. It should
bea noted‘that the wastewater contribution frem househnold garbage disvosals
was not included in %he results presented in Table 1. Tt is felt that the
use of a garbage disposal is not Justifiable for a home employing onsite

. 3&wage disposal since it can contribute substantial qusntities of pcilutants

‘Which could be effectively disposed of as solid wastes (T, 9, 10).

TABLE 1. Average Pollutant Discharge in Household
Wastewater!, mass/capita/dayz '
Study | Olsson | Wallmen Ligman | Leak | Bennett | Siegrist ; Mezan Mea
Pollutant (5) (6) (| (8 (9) (10) | g/e/a | mg/
30D ks.o - hg.1 48.6 34.8 ho.s hs.2 26
Suspended Solids 48.0 - L6, 3 - 47.3 35.1 ; k.2 26
Nitrogen 12.1 - 16.8 - T.2 £.1 10.6 6
Phosphorus 3.8 - k.1 - - L.o 5.0 2
Flow, gal/c/d 52.1 52.0 4.0 | b1k | 3.7 36.5 k5.3 -

’.m‘_‘e

-l

All

results are

T -

poliutant contributions are expressed in grams/capita/day excent flow, which
1s in gallons/capita/day, and the mean concentraticn, which is in mg/1.

for households with tyopical appliances excluding garbage disposal

S.
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-2 addition to the chemical/physical contributicns shown in Tabla 1,
tecteriolegical characteristics are of interest. Since very little research
nas been performed on raw individual household wastewater, the bacterial con-
tents determined in househeld sepiic tank effluesnt ars presented (11).
Aithough the values presented are for septic tank effluents, rather than raw
wastewater, they do give an idsa of ths bééterioiogical character of typical
individusl household wastewater. A5 shown in Table 2, the quantities of
indicator vacteria ars consistently very high and pathogenic bacteria, as

Pseudcomonas esruginosa, have commonly been isolated. In addition, results

of anzlyses for staphylocoecus aursus and salmonellse have indicated their
Presence in septic tenk effluents, but infrequently and in much lower con-
centrations (Table 3).
TABLE 2. Bactericlogical Guality of Housenold Septic
Tank Effluent’ (11), Bacteria /100 mis
Data

Organism Points Mean? 85% Confidence Intarve
Fecal Streptocosci a7 3800 2000 - 7200
Faczal Coliform ak 420,000 290,000 ~ 620,000
Total Coliform 91 3,400,000 2,600,000 - 4,400,000
Pseudcomonas Asruginose 33 84600 2800 ~ 19,000
Total i T . 7
Tetal 3acteria 88 34 ¢ 10 25 - 8 x 10

lm a c s .
The resulis are for samples from septic tank effluents 2% five residencss,

2Log normalized data.




TABLE 3. Frequency of Staphylococcus Aureus and
Salmonella spp. in Septic Tank Effluent (11)

Staphylecoccus Aursus Salmonella spp.
Household Total Positive Total - Positive
Samplss Samples Samples Samples
A 15 0 8 0
B 14 1 6 0
c 5 3 1 0
D 0] 3 0
E 8 1 10 0
F T 1 9 1
G L a - -
" 1 9 6 Q
I 1 0 T 0
J 1 0 1 0
K - - 2 0
L - - 2 1
TOTALS 63 6 55 2
Range of :
Concentrations 10/100 @l %0 100¢7100 ml | 3.4/100 mi to > 20/100 ml

In regard to the virological cheracteristics of individual heusshold
vastewater, very little data has been pregenied. OCne investigator estimested
the level of viruses in raw municipal wastewater to be about 7000 PFU/litar,
while another investigstor reported recoveries of oniy 22 to 107 P¥U/liter

(12).

Segregated Wastawatars

Of special interest in the context of this discussion, are the charac-
teristics of the separated black and grey washewater streams. The results
of the characterization studies mentioned sarlier (5-10) hawve been used o

-~

predict the division of chemical/physical nellutants betwaeen these two waszhe

(0

str2ems. The resulis ars shown iz Tzble L. On She araraga, the grey water



. . L s n - \ 5 - a
ccniributes about 85% of the flow, TO% of the ohosphorus and 63% of the BOD_;
, . 3

while the black water contributes zhout 1% of the suspended solids, 329 o7
the nitreogen and 37% of the ROD

5"

TABLE b4, Pollutant Division Betwesn the Black
and Grey Wastawster Streams!

POLLUTANT GREY

Mean Ranga [ Msan Mean | Mean Range | Mean Mezan
7 % g/c/d | meg/l | 3 4 g/c/d | mg/1

BOD5 63 51-80 (28.5 235 37 20-Lkg 118.7 28¢

Suspended
Solids 39 23-€L 1172 135 61 3677 127.
g8

1.9 17 82 67-99
o

-
|
(9]
L

Titrogen 18

Phosthorus 70 58-.86 .8 25 30 1h-ko 1.
Flow 65 52-8L [29.4 gail/e/d 35 19-L7 115.9 zal/e/a

The values shown ars based on Lhe results of the studiss used to compils
Lasle 1, {Ref. 5-10). The results are averags values for households
with typical conventional eppliances, excluding the garbage disposal.
The bacterial contants of the two waste strzams are of vrime importance.
Az zenticned in the previous section, =f7luents from sentic tanks receiving
combined housszhold wastewaler wers found +o consistently contein signiicant
concentrations of indicator bagteria =nd the pathogen, Pseudomcnas serugircsa
(Tabie -2). Staphylococcus auwrsus and salmonellae were also isolatad, but only

infrequently ané in much lower concan<sr ations (Table 3). Intuwlitivaiy, one

2

vould expect that the grest majority of these orgasnisms in combins=d hcusehol

wastiewater ars contributed in the toilst wastes, wita fthe grey walar being

Zairly innocucus. To evaluate this insuitive hypothesis conc“rnﬂra the gray
L < Ty - . - . . rr_ . I A v 7 o- - =
waisr, fi2ld studies were conducted af the Universisy o Wiscomsin 10, 13,

—n i 3 Tl e o, T a A S L mameat Ta s
CaLlllg sna Ccoothes 42301%%, Wersa gotainzsi Iror each of six [lng A-4C ke TN [SR0=




& two~week periocd. Bacterioloéical analyses were performed for total and
Tecal coliforms and fecal streptococci. Details.regarding the sampling and
analytical procedures may be found elsewhere (10, 13).

¢ sumrarized results of the study are presented in Table 5. As
shown, the results demonsirate that a wide range of indicator organisms can
be expected in the raw bath and laundry wastewaters, which in twrn indicatas
& potential for their pathogenic contaminaticn.

TABLE 5. Selected Bacteriological Characteristics of
Bath and Laundry Wastawaters (Siegrist)!

CONFIDENCE INTERVALS 5,

_ Mean #/100 ML
Event ORGANISM SaMpLEs | #/100 mL 957 [ 9ay
CLDTHESB TotaL CoLi=ormMs 41 215 85 - 700 45 - 1020
HASHING FecaL CoLIFoRMS 41 107 39 - 295 | 28 - 405
' FecaL STRePTococCI 41 77 27 - 220 | 19 - 305
BaTHING ToTAL CoL1FoRMS 32 1810 710 - 4800 1 530 - 6180
Fecat CoLIFoRMs 32 1210 450 - 32401 330 - 4410
Fzcal STREPTOCOCC! 32 325 100 - 10501 70 - 1510

'The results gshown are besed cn in~house event sampling at each of six
househelds.

2Log—normalized data.

3Sa.nrples were obtained from the middle of the wash ¢ycle, Samples taken
from several rinse cycles alsa were consistently lower than the corresponding
wash cycle values.

To get a better feel for the actusl magnitude of this "potential,”
analyses were performed on several of the samples for iwo ccmmon pathogens,
Pseudcmonas aeruginosa and Staphylococcus aureus. The results as shown in
Tahle 6, indicate a very low incidence of Pseudomonas asruginoesa and in t
samples where 1t was isolated, the concenirations wers always below 20/100 ml.

taphyloccocus aureus was net isolatad in any of the samples asnalyzed. Based



on these rssulfs, the pathogenic contaminaticn in these raw bath and laundry

wastawaters would appear %o be fairly insigni

TABLE 6. Pseudomonas zeruginosa and Staphylococcus
aursus in Bath and Lawndry Wastewater (Siegris:)

Bathing Laundry
Pogitive | Highast | Positive Highest
Pathogen Home | Samples | Samples Value Samples | Samples Value
N 10 2 2/100 ml 17 3 20/100 ml
Pge
-s‘udogonas 3 , 0 _t L 0 2
aeruginosa
W 10 0 -2 5 0 -2
¥ | 9 0 -3 17 0 -3
Staphyiccoeccus 3 1 O' e I 0 _s
aureus )
W 10 0 -3 L e =3

06 ml, 220/100 w1, ¥10/100 ml
*10%/100 m1, 310/100 m1.

Since the bath and lsundry are the two major household activitiss which
Dossess the potential for contributing pathogenic bacteria to the grey water,

N

the low pathegenic contamination of these wastewaters would sesm &
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= low potential Jor pathogenic contamination ia ths 2y waiter sireszm as a

i

wnole. To facilitate ccmparison of the bacteriological characteristics of
several nousehold waste streams and vrovide perspective, Table 7 has besn
prepared. As shown, while the raw grey water iz not innocucus, its poteantial

for pathogenic contamination apvears to be substantially lower than that of

eivher the toile: wastes or ccmbined household wastewatar (Table_?).




TABLE 7. Comparison of Selected'Bactefiological
Characteristics in Various Hous=hold
Wastewater Streams, #/100 mls
Effluent Combined Raw Raw
Septic Tank Tcilet Gray
Organism . Effluent’ Wastes? Water®
Tatal Coliforms 3,400,000 6,300,000 1810
Fecal Coliforms 420,000 5,000,000 | 1210
Fecal Streptococei 3,800 - 326
Pseudomonas aeruginosa 8,600 - 0-20
Staphylococcus aureus 10-1QC0 - 0
*Mean values Trom Table 2 and 3.
*Based on the values determined by Olsson ef al. (5) as

diluted in four toilet flushes of five gallons each.
*Based en the highest mean value determined in the bath
and clothes washing sampling, Tables S and 6.

Very little is known about the concentration of virus in the total raw
wastewgter from an individual household, much less the concentraticn of
virus in the gresy and black water Tractions. Based cen the resulis of the
bacteriological analyses previously described, it seems rsasonable to assume
8 household were shedding virus,

that 1f scmeone in the potential would exdist

for viral contamination of the grey water. As was the case with pathogenic
bacteria, however, this potential is most likely wvery low, with the virus

concentrated in the toilet wasta.

In an attempt to better identily the potential for conteminstion of
household grey water by pathogenic bacteria and virus, studies are in Drogress
at the University of Wisconsin. The results of these studies will be sum-

marized in a forthcoming publicstion (13).



Any small-scale waste treatment system which includes surface discharss
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quzlity effluent to enswre protecuion of the public health and the environ-

ment. The point of final surface disposal, be it a
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tae final discharge polas, howevar, it ig likely that only very low concen-

trations of pollutants will be tolerated.
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For most applications the pollutants of concern will nclud
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suszended solids end pathogenic organisms and in many application
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&nd phosthorus also. Renmoving quantities of these waste constituents at the
scurce reduces the quantities fo be removed ip the onsits waste trez
system. This should facilitate the development of & trestment system capabls
ot satisfying the effluent critaris for surface ¢ischarge. Tn addition, it
would minimize the hazards in the event of a system malfunciion.

The previous review of the pollutant distribubion beiwesn the blaok and

tci
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grey wastewater streams, should illustrats the afficaey of wasta sagragation
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FIGURE 1. Typical Distribition of Pollutants
Between Black and Grey Waters

Gre*c Water Pollutant Black Water
653 € ———  Flow —>  35%
633 < BODg > 37%

39%  <-—— Suspended Sclids ———s> 614
18% <———— Nitrogen ———> 827
703  <€—— Phosphorus ———> 309
Very Low e Pathogens —— Vast Majority
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Alternative Tollet Systems.
Many alternatives to the coenventional flush toilet have hean proposed wnich

the black waters. Tn a

This paper to describe all of the proposed alternative

)

beyond the scope o

systems, mueh less evaluate their suitability for various 2pplications. FHaowever,

t

a few of the alternatives which appear to be most feasible for household use

shell be discussed, including the composting, incinsrating, rscycle, and low-
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volume Tlusn/nolding tank systems. In the following page

[=N

of each of these tollet systems alonz with its basic principles of aperation may

De Tocund. It should be noted that Ffor the moss part, the alternative toilex
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ticon ror housshold use.

-may differ scmewhai frem that suggested by the statad princivlss of operaiion.

Composting Teilsts. These units accept the toilat westes and commenly tha
garsage wastes =nd a5 the name impliss, utilize the natural procass of composting

to affact their decomposition. Two types of composting toilets ars availaple:
thcse widch have the point of use separated from the dscomposition chambar

" 3 : s . . :
("seperated systems"), and these which have the pcint of use diresctly attached

e T ; s = et A 3z .
YO the chamber | non-sevarated systems'). A bris? discussion of each tiyne
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ne kiichen. e coepmper, commonly lccatad in the hezsman

sloping bottom and may te dividad into several ssctions. T
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deposited in the upﬁer end of the chamber, are oxidized by aerobic microorganisms
a3 they slowly move dovn the sioping chamber bottom. To maintain proper composting
conditions, the chember is well vented. Tn addition, in certain cold envircnments
a2 small space heater may be required. During the composting process, any cdors

or vapors produced are conducted upward through a vent pipe tq the roof, either
naturally or with the aid of a sm=ll fan.

Upon reaching the lower end of the chamber the waste materials have been
convertad td a stable, hiumus-like material whose-volume is about 107 of the
originel waste volume. Over time, humus sccumulates at the chamber bottom znd
periodically, its removal is requifed. _%n‘access panel is provided %o facilitzte
this. The freguency of removal varieg depending on the size of the decomposition
cramber, but is usually less than two or three times yearly for an average
family of four. Once removed, the humus reportedly can be used as a scil amend-
ment.

The non-separated composting toilets usually have a much smaller decompesi-
tion chamber which is attached directly to the toilet seat, the entirs unis
teing located on the same floor. The toilet wastes are deposited dirsctly inte
the decomposition chamber {garbegs wastes may be added alsc). The wastes in the
chamber are oxidized over %time, again by aerchic microorganisms, to 2 stable,
humﬁs ﬁaterial. D;e to the smaller decomposition chamber size, these units
of'ten times inclgde hesting elements in the chamber in an attempt to accelerate
the process. As with the separated systems, the chamber is vented to ensure
aerobic conditions and any odors and vapors produced are conducted through a
vent pipe to the roof, either naturally or with the aid of a small fan. The

accumulated humus must Se remcved pericdically. With these wunits, removal is

A4

ususlly required yearly for a family of four. Once removed, the oxidized waste

iy

materials can repcrtedly be used as a soil amendment or disposed of as refuse.
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Incinerating Toilets. Incinsrator toilets ars small self contained units

which, as the name impliss, utilize +the process of incineratiocn %o buwrn the
solid wastes znd evaporats the liquids. Toilet wastes ars daposlited dirsctly

into a combustion chamber znd upon clasing the toilet 1id or flinping a switch,

T

incineration of the waste materiasls starts autematically. The incinerztion is
usealiy fueled by propene/natural gas, ele&triciﬁy or a combination of the two
and usuelly lasts for 10 to 15 minutes followed by a S-minute ccoling period.

The cycle may be intefrupted at any time and the unit used, by ovening the 1i4d.
Mest units are.equipped with & blower end vent pive to remove any odors éné the
vapars énd heat produced. The incinerated waste materials, besicaily ashes, mus:

-

be removed pericdically and the unit cleaned. Fo
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Lyplcally occur weelkly. Once removed the ashes mayv he disposed of iz a manner
simii=r to that for mest refuse.

Recycle Teoilets. All aof the recycle ftoilets available and undsr develcpmant

~a =

addizion, severzl of the systems employ s toilet fixtura which is almost iden-

tical To that of tha conventional. However, thess gysiams zre markadly diffar-

ent in that they do not utiiize tap water, but instead purify and use the sare

atedly (usually water or a mineral o0il)., The actual orocess usad to

b
'-—l
(=7
L1
13
o
i

purify the flushing medium varies considerably betwesn systems but commenly
includes separation, aeration, filtration or = combinatien thereo?. The puri-
fication normally takes plece in a treatment/storage tank installsd outside tha
structure contalning the toilet fixture. This tank is normally siza2d so thati
removal of accumulated solids is not raquired more than cnce 2 vear., {ncs

3 oy = E T ° 34 3 o=
ranovad =02 30LLES Or s.Ludgs mey oe ALETssaeq oL 2% 2

S

or nessitly 2 suitable land disposal site.



Low—-volune Fluéh Toilet/Folding Tenk System. The very low-volume flush

toilets are very similar to the conventional flush toilet in aprearance and

user operation. TFresh tap water is even used as the flushing mediwm. However,
the very low~Tlush units utilize less than cne gallon of water per flush. This
Iis normally accomplished by employing compressed air or a vacuum tc ‘assist in the
flushing. The smaller volumes of wastes produced_through use of a low flush
toilet can be directed to a retention tank for periocdic pumping. The pumpage
from the tank can be disposed of offsite similar to the manner in which septage
is handled, i.e. to a suitable land disposal site or possibly a municipal waste-—
water treatment facility. For a typical family of four, this servicing would

be required aporoximately twice a year.

To facilitate a general comparison of the previously described systenms,
Table 8 has been prepared. In sddition, a partial listing of unit menufacturers
has been imcluded in Appendix 4,

The actual decisicn as to whether or not a given alternative toilet system
can be utilized is usually subject to the approval of an appropriate state or
local regulatery agency. Cbvicusly, any system which is considered for use,
should provide for (1) sanitary conditions at the point of use, (2) safe ulsimate
disposal of the toilet wastes, {3) reasonably low maintenance and user atifention,
(L) long-term user acceptance, and (5) reasonably low capital and operating
cests. Mmfortunately, these criteria are scmewhat subjective and their inter-
pretation will most likely vary bvetween individuals, as well as applications.

In addition, it is difficult to assess whether certain of the alternative toilets
meet these criteria, since they are really still under de?elcpment and/or
evaluation for household use. As a result, cne must be enccouraged to exercise
care in gelecting an altemmative toilet system. As develovment and evaluation

continue and performance information is compilad, wnit selecticn will become easizsr.
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Grey Water Systems

1

In contrast to the development of alternative toilet systems, tc date, there
nas been only limited research conductéd and experience gained regarding the
onsite treatment and disposal of household grey water. Thié is especially true
when considering cnsite surface discharge. FHowever, a grey water ftreatment
system is herein proposed which appears suitable for many applications. The
system includes septic tank pretreatment followed by sand filtration and then
surface disposal. Although this system has not been evaluated thoroughly, its
feasibility is supported by the performance of a similar system used for traatment
of combined household wastewater {3, 4, 15).

A schematic of the proposed grey water treatment system is shown in Figure 2

13

and a description of the individual components is given in the following pages.
The grey water generzted within the home is collected in conventional
plumbing end transcorted to a 750 or 1000 gallon septic'tank. The effluent from
the septic tank flows into a small wet well where either a dosing siphon or a
1/3-1/2 hp submersible pump intermittently applies the effluent to a sand filter.
The filter consists of 30 inches of sand (approximate effective size énd mifor-
mity coefficient of 0.4 and 3.0, respectivaly) overly‘ng 8 inches of supporting
pea gravel. The surface sarea of the filter is established so that the average
daily loading rate will be approximately 5 gallon/day/ftg. With this leoading
rate, the surface area regquired for a filter serving a typical family of four
would te 25 fte_kbased on a per capita grey water flow of 32 gallons/day). A
schematic of 2 palr of filters is shown in Figure 3. The effluent frem the
filter is collected in perforated pipes laid in the pea gfavel end then trans-
vorsed to a-small wet well for holding pricor te surface disdosal. Derpending cn

conditions, especially tomography and distancs To the discharge vpoint, the

Je

4=
\..

0]

sS2

}

treated wastewater will be transported by gravity or with the z2id of a 1/3-ho
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-a.

Schematic of a Sapnd Filter for
Treatment of Household Gre*f Water
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submersible pump. The surface dischargs point will depend on %the site conditions

¢f individual applications, but could include irrigation methods or surface

Q
&N

water disposal for individusl houssholds or clusters therse
The effectivensss of this type of sand filtration aftsr septic tank pretreat-
ment has been demonstrated for combined household westewatar (3, 4, 15, 18).

Based on ssaveral years of monitoring field instellations treziing combined wasts-

weter, Sauver has demonstreted significant reductions of EODS, suspended solids

= I

end indicater organisms with average sffluent quelitiss of L-10 g/l for BuDS,

3

&-11 mg/l for susvended solids, and 1.3-18 x 10~ bacteria/l00 ml for fecal

coliforms. The nltrogen and phosphorus wers oxidized, but only minor quantities

3=

-

were removed (3), Similar results and cbservations nave alsc hesn mads in the

[N

laboratory {16). Based on the resulss of thase field and laboratory studies,
Ior sand filtration of the =2ffiuent from a septic tenk receiving combined waste-

As shown in Table 9, sand filtration after sentic tank pretreatpent of
combined wastewater produces a Teirly high quality effluent, containing low

cuncentreticns of chemical/physical pollutants and indicator bacsaria. With &
knowledge of the pollutant contribution of typical grey water (Teble L) 235 com-
?aréd_to compined wasteweter (Table 1), it seems rezsonsble to eaxpect at least en
equal, ard possibly higher quelity =ffluent from a2 similar system treating jus:
gray wagar, Tﬁs megnitude of the BODS, and phoschorus concsntrations would moss
likely be similar to that shown in Tabls 8, but the pollutant mass would be

lower dus to a decreased influent mass., A censiderably lower ccncsniration and
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In addition +to the chemical/physical pollutants, of prime Iimportances is
the bacterial CODCEHt*°t1onS ¢xpected in the offluent. Based on a mueh lower
influent concentration, the coliform and pathogenic becteria concentraticns

in the effluent should be fairly ingignificant. In addition, przliminary
laberatory ressarch suggests that this type of sand filtrzticn should also
remove the small gquantities of virus which might enter the grey wazter stream,
i they were not removad in the septie tank first (18).

For meny applications, the effluent quality that the propossd grey water
treetment system appesars cspabls of producing, should be suitable for surfacs
disposal. However, the anticipated nitrogen and phosvhorus conecentrations may

high for certain applications. In these cases, further nuirisnt removal

o
0]
ct
(o]
(e}
oy

would be necessary. The phosvhorus concentration could probably be sizmifi-
cantly raduced through the use of ncn-phosphate detergsats. In addition, near-
ccaplete removal of both nitrogen and phosphorus may be posszible fhrougﬂ the
use ¢U simple ion-exchaenge cartridges inserted in the basic Fflow shest at
appropriate locations. Research is currently on-going at the University of

Wisconsin to davelop effactive cnsite nutrient removal procsesses.

Continuous system operation and production of & high quality 2fflusnt
will require a certain amount of maintenance to the sand filters. 3ased on

the results of sand filiration of combined wastewater, the 5 gallon/day/ft°

loading rate specified will result in clogging of the sand after several

]
"y
4]
Nal
.
ry
1]
[«

months of continuous cperation, at which time maintenance will b
To facilitate this maintenancs, the filter surface ig readily accessitle from
the ground surface via insulated removable covers (Figuré 3). The maintenance

is of raking the sand surface and then removing the filisr Trom cneraticon

o - _ - f2e] N _ - o < 3 - 3 Bl
for at lsast onse menth. To anzple shis resting pericd, =2 sscond identical
EaC A - - N TV, o - h 3 = Ty .y =1 PR - + m By
Snlter iz initially imstallsd in parallel wisth the first. Thus., a2 tar




approximately threes months of bperation with one filter, the waste flow would
be diracted to the seccnd filter and the Ffirst filter's sand swrface would be
reked and the filter rested for three months at which time the proecesss would
ba repeéted. In addition to the raking, periodic replacement (onee per year)
of the top b inches of sand appears necéssary {3, b).

It should be emphasized that these pradicted effluent qualities and main-

tenance requirements have been based on the performance evaluations of small

scale treatment systems recelving combined wastewater. In an attempt to con-

firm the previcus extrapolsticns and pradictions, laboratory studiss are on-
going at the University of Wisconsin at a SSWMP research faeility. Although
the laboratory studies will provide certain valusble information, there remains
2 need for the experimentation and evaluation of this and other promising grey
water treatment systems under actual field conditions. To facilitate this, -
segregated waste trestment research facility is scheduled for construction in
Jme, 1977, by +the University of Wisconsin at a nearby thres-bedroom honme.
Subsequent invesiigations will be conductsd ta develop and evaluate the
segregated treatment/disposal system concept with special emphasis placed on
developing methods for treatment and surface disposal of the grey water
fraction.

The ultimate decision as to whether surface discharge of an effluent,
such as that produced by the propossd grey water treatment gystem, will be
allowed, will rest with the appropriate regulatory agency for a given location.
If appro#ed, the successful use of this type of system will devend om ensuring

that the system is inspected and mairntained properly. To facilitate this,

fi:

H
I-l

some type of institucicnal supervision, such as a sanitery dist ‘et, will most

: 1 =
SNEL aingrna-

likely be required. A detailad

is

scussion of wvarious institut

2

tives has been outlined by Stewart (19).
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Zxample Jystam

A segregated waste treotment system wnhich eppears very vromising end is
scheduled for evaluation at the University of Wisconsin is shown in Figurs L,
The system utilizss 2 low-volume flush toilet connected to & 1500 Zallon

nolding tenk for semi-aznnual pumping and off-site disposal of the black waters,
The grey waters are treated for ultimate surrace dispesal utiliz ing the pre-

viously described septic tank-sand filter system (certain applications may

requirs further nutrient removall.

STSTEM COS87TS

The costrof & segregatad waste hendling system for a household would
vary éonsidera cly depending on several ractors, including the number of
residents, the type of awelling (seasonal or ysar-round), the alternstivs
toilet system selected, ths availability o a sultsble sand Tor the sanéd
filters, lebor costs for the reqguired maintenancs, 2nd the cost for nutrisn
removal 1f required. As 2 result, it {s difficult o accurately estimats the

system costs for a2 given apoiication. dewever, to Turther illustrats tha
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system describad in the previous section have been compiled in Table 13. In
prgparing these astimates it was assumed that the system would serve a family
of fouf in a2 yesr-round home and a suitable sand Tor the sand filters and =2
suitable dispgsal site for the segregated tollet wastes were availapla. It
was also assumed that an individual would he paid to perform system malin-
tenance and that further nutrient removal would not be required.

As shewn ia Table 10, the capital costs for the systam wers astimated at

32900 with ap armmual operating cost of 515L, Tha csast

‘D
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FIGIRE L. Zxampla Segregated Waste Treatment System
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TABLE 10. Estimated Costs ‘o* an Zxample
Segregatsd Treaiment System
Item Capital Costs Operating Costs
Toilet Svstem
Low Flush Toilet and Ancillery Tarts 3 500 $2.30/year
1500 gallon Holding Tank o . $ 500 . 375/year?
CGreywater Svstem
750 gallon Sevtic Tank % 350 $10/year3
Cesing Chamber '3 350 $3/year
3" diam. x &' wet well, 1/2- no
submersible pump with alarm
Send Filters 5 $ 850 $60/yeart
2 filtersrwith covers -~ 25 % esach
Discharge Basin 3 350 $3/year
L' diam. x 6' wet well, 1/3-hp pump
i if needed, hose
L TOTALS | $2600 BL54/yesr

£Ir & typlcal family of four in = year-round home.
*Based on 2 pumings/yeer at 2.5¢/zallon.

*Based on 1 pumping every 3 years at which time dosing chamber weould ba
bumped also.

N .
Basad on a sita wis

and rake sand suri
replace top L' of

every 3 months to switch flow to ths other filtar
(3% 2 nr/visit x $5/nr = $30) plus one vi to

it
acs sig
sand {1 x 3 ar/visit x 35/hr + 315 for sané = $30).

en effluent sempling vrogram. I raquired, sampling costs could rum up o

$20 ar mors 2er month. However, partially offsetting these casts, and also

Hy

cmitted from Table 10, are the savings which would result with reduced water
consumption. It should be noted that the estimated costs shown in Table 19
are felt to be somewhat conservative, In addition, the costs most likely

D .

]
could be reducesd significantly if the waste Srsatmens facilit
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meintenanes wars providsd for sevaral individual homes or e o
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A capital cost of $2900 aﬁd an ennual operating cost of 3154 for this
examele segregatad system are somewhat higher than those for a conventional
septic tank-soil abserption system. However, where site scil conditions
prohibit subsurface soil disposal, the conventional system is not a viable
alternative. The only alternative commonly available for these areas is the
holding tenk. The proposed combined wastetsand Tilter system with disinfec-
tion referred to earlier may become anothe? alte%native {3, 4). To facilitate
a compariscﬁ of these three slternative systems, Table 11 has been preparad,

I% must be emphasized that the figures shown are estimates.

TABLE 11. Alternetive Disposal System Cost Comparison

i
Approximatas Approximate
System Capital Cost Cperating Cost
Segregated Waste
Treatment (Table 10) 32900 $15L /fyrear
Combined Waste
Holding Tenk (3) Lhs 1825
Sand Filter System For
Combined Wastewater (L) 305¢ 154

NOTE: These costs are estimates and may vary considershly depending
on the application,

As shown in Table 11, the exampls segrégated waste irestment system is
very cost~effective when compared to the combined waste nclding tank. When
compared to the proposed combined waste sand filter systam it appears only
slightly cost-~effective. However, segregated wasta treatmert becomes mors
etiractive and most likely, mores cost-effective, when one considers that its
use should result in (1) a lower effluent pcllutant concentration and mass,

(2) a reducsd poteatial for vathegenic contamination in th2 effluent %o he
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discharged, especizlly in the event of
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of water rasources and (4} a potential for recycling valusble nutrisnis o the

SUMMARY

- Many areas of the country have site soil conditions which pronibit the
use of the conventicnal septic tenk-soil ebsorption system for omsite waste-
water disposal. A need exisis for an alternative disposel systam not depen-
dent on site soil conditions. fhe use of in-house segregstion of black and
grey wastewatgrs followed by separats treatment has been reviewsd as a meansg

ting such en altarnative.
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incinerating, water recyels, mirceral ail recycle, ané low volume flush/hclidinzg

e . . . .
<8IX systems. Very 1ittle information has boesn gathersd regarding gray wasar

The success of 3 segragsted waste treatment gystem employing surrace
disposel will depend on proper meintensncs being performed regularly. A
suitable method of ensuring this would most likely Involve some form of in-
stitutional supervision.

The cocst for a segregated waste treatment syscem can vary considerably

depending on seversl factars. For a Tamily of four in 2z year-rouné home, the
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tank for the black water were estimated to include a capital cost of $2990
with an anouael operating cost of $154 (excluding wmscheduled maintenancs COshs
end sampling costs). ‘This system appears to be cost-effective when compared
10 a combined waste holding tank or sand filter/disinfection system.

It is recomended that a few segregated waste treatmént systems as
described herein be installed at private residences umder experimental ap-
orovals. Evalugtioﬁ‘of these Systems under actual field conditions will
provide valuable information regarding system performance, acceptability,
maintenance requirements, and system costs. This type of information is

necessary to establish the feasibility demonstrated in this vaper.
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AFPENDIX A
Parfisl Listing of Altarna

A. Cocmposting Toilats 3.
"Clivus Multrum"

livus Multzum USA

1kA Bliot Street

Cambridge, MA 02133

617/491-5821

L.

"Toa Throne'

Enviroscone, Inc.

P.0. Box 752

Coraona del Maxr, CA 92425
T1L/673-777h

3. "Zeolet”

Recreation Ecology Conservation
9800 West Bluemound Road
Milwaukze, WI 53226

Lo "Biu-Lat"
3i0-Utility Systems, Ine.
2.0, Box 139
Narberth, Pa
215/66Lk-5238

15072

5. "Mull-Toa"
Biomat Zaterprises
739 2ad Sitreest
Coeeur d' Alene, ID 8381k
3. Incinerating Toilats
1. "Littls John"
Sisrra Sales
2637 Eass 3900 Scuth
Salt Lake City, UT 8LiiT

2. "Destroilat”
LaMera Industries, Inec.
Walwortn, WI 53184
hiksats-2171

MThe inclusion or lack of any product in the above
endorsenment or lack thareo? 9y the author a= tha
Frojecs.

3.

Hecyele

-

n

Ve

1.

a

"Incinolet”
Research Products M7z, Co.
2639 Andjon Driwve
Daellas, TX 75220
21k/358-4238

"Inciromade”

Incinomode Sal=s Co.
P.C. Box 879
Sherman, TX
21L/892-5137

75090

Tollets

"Magic Flush"

Menogram Industries, Inc.
3226 Thatcher Avenue
Vanice, CA 50261
213/870-8772

"Sarmax"

Sarmax Corporation

2207 South Colby Avenue
Los Angelss, CA GQ06L

"Cycle Tat!
Thetford Corvoraticn
?.0. Box 1285
Ann Arbor, MI 431048
313/769-5000

v Low-Flush Toilats
"Low Flush Toilst"
Microphor, Inc.
P.0. Box 49C

452 East Hill Road
Willits, CA 95Lk9o
TO7/459-5563
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D. {continued)

2.

"Envirovac" ,
Enviro-West Sales Ccmpany
P.0O. Box 8880

Stockten, CA 95208
209/478-1137

"Dinky-Flush"
Enviroscope, Inc.

P.0. Box T52

Corona del Mar, CA 92625
TLL/6T3-TTTL

"Meanflusher'
Aquasaver, Inc.

6701 Forderest Road
Baltimore, MD 21237
301/483-1331






