44804
l* National Library
of Canada

Canadian Theses Division

du Canada

Ottawa, Canada
.. K1A ON4

Bibliotheque nationale

Division des théses canadiennes -

PERMISSION TO MICROFILM — AUTORISATION DE MICROFILMER

e Please print or type — Ecrire‘ en lettres moulées ou dactylographier

Full Name of Author — Nom complet de I'auteur

Cuh ko TR e

Date of Birth — Date de naissance

Ve 22 1982

Country of Birth — Lieu de naissance

 KEN YA

I

Permanent Address — Résidence fixe ]
ot Zo6, LSS - Yifue
- EDMopToM,  ALBERTH

Title of Thesis — Titre de la thése

CaleNwiTer

\Sou‘r’fEb WL THERN

- Cwfthete Ry 2 AT ion ﬁ\'Tmm%MENT

Fort

CommoliTies

University — Université

OIMVERSITY  oF i BeRTA

Degree fpr which thesis was presented — Grade pour lequel cette thése fut présentée

YASTERL. of Sciepce

~

Year this degree conferred — Année d'obtention de ce grade

%0

Name of Supervisor — Nom du directeur de these

. STeve HRODEY |

Permission is hereby granted to the NATIONAL LIBRARY OF
CANADA to microfilm this thesis and to lend or sell copies of
the film. -

The author reserves cth=- publication rights, and neither the
" thesis nor extensive extracts from it may be printed or other-
wise reproduced without the author's written permission.

%—-—’té—_ﬁ-&’-o

>

L'autorisation est, par la présente, accordée a la BIBLIOTHE-
QUE NATIONALE DU GANADA de microfilmer cette thése et de
préter ou de vendre des exemplaires du film.

 L'auteur se réserve les autres droits de publication; ni la these
ni de longs extraits de celle-ci ne doivent étre imprimés ou
autrement reproduits sans l'autorisation écrite de I'auteur.

Date’ .

b 2w 1%

Signature

NL-91 (4/77)

NN



l * . National Library of Canada

Collections Development Branch

Canadian Theses on . ;. Service des’théses canadiennes

Microfiche Service sur microfiche

y

NOTICE

Tre quality of this microfiche is heavily dependent
upor the quality of the original thesis submitted for
microfilming. Every effort has been made to ensure
the highest quality of reproduction possible.

VoW

If pages are missing, contact ‘the university WhICh
granted the degree.

Some pages may have indistinct print especially
if the original pages were typed with a poor typewriter
ribbon or if the university sent us a poor photocopy.

Previausly copyrighted materials (journal articles,
publisied tests, etc.) are not filmed.

Reproduction in full or in part of this film is gov-
erned by the Canadian Copyright Act, R.S.C. 1970,
c. C-30. Please read the authorization forms which
accompany this thesis.

-

THIS DISSERTATION
- HAS BEEN MICROFILMED
EXACTLY AS RECEIVED"

»

Ottawa, Canada -

Bibliothéque nationale du Canada
Direction du développement des collections

AVIS

La qualité de cette microfiche dépend grandement de
la qualité de la thése soumise au microfilmage. Nous
avons tout fait pour assurer une qualité supérieure
de reproduction. ’

*S'il manque des pages, veuillez communiquer
avec |'université qui a conféré le gr - ie :

La qualité d'impression de certaines pages peut
laisser a désirer, surtout si les pages originales ont -été

dactylographiées a I'aide d’ur ruban usé ou si l'univer-

sité nous a fait parvenir une photocople de mauvaise
qualité.

Les documents qui font déjd l'objet d'un droit
d‘auteur (articles de revue, examens publiés, etc) ne.
sont pas microfilmés.

lLa reproductlon, méme partielle, de ce microfilm
est soumise a la Loi canadienne: sur le droit d’auteur,
SRC 1970, c¢. C-30. Veuillez prendre connaissance des
formules d’autorisation qui accompagnent cette thése.

. LA THESE A ETE
" MICROFILMEE TELLE QUE -
NOUS L'AVONS RECUE

NL-339‘(Hcy. 8/80)




THE UNIVERSITY OF ALBER1A

Y
o~

&4

Greywater Characterization €& Treatment for Isoleted Northern

-

-

Communities
by

SHAKUNTALA RANIGA

S A THESIS
SUBMITTED TO THE Fkéq;rr OF GRADUATE STUDIES‘AND PESFAKCH
IN PARTIAL FULF IL “ENT OF | THE REQUIREMENTS FOR THE DEGREE
OF MASTER OF SCIENCE
IN .
ENVIRONMENTAL SCIENCE

§

. CIVIL ENGINEERING

4".
EDMONTON, ALBERTA

SPRING, 1980



THE UNIVERSITY OF ALBERTA

FACULTY OF GRADOATE STUDIES ANDVRESEARCH

'
3

The undersigned certify that they have read, and-

recommend to fhe Paculty of Graduate Studies and Research,

for acceptance, a thesis entitled .G.r.erater Characterization &

Treatment for Isolated Norgberp Communlgaee..‘ .. e . ..

' i
10-..--..‘.‘.‘.O..l.................\‘0..........‘-....0.
.

v . G
submitted by ..S.h?l.“.“lt.a.l?.lfa.n.igil............;................

in partial fulfilment of the requirements for the degree of

>
\

~Master of Science
in
- Environmental Science .
Civil Engineering

I w2 R

‘ Superv:.sor; '

00 d

November 9, 1979

DATE:.-..... -.o.o...o‘..-..-”.— .



’ B P >

ABSTRACT
Waste disposal methods in the Arctic environment create many

problems due. to soil conditions and extreme climate that are

not found in southern climates. Most communities in the
Northwest T.fritor!es use 'honey-bags' for toilet wastes,

which are collected and disposed of onto the land at a dump.

.
\‘z

Greywater, 1.e. wastewater from the kitcheny bathroom and

laundry is-discharged directly onto the groyd surrounding
hduses.
Although greywater characteristics have been reportea

in the literature, information was not avaeilable on

grgywater\generated 1n the Northwest Territoriesre. An

evaluation program was deslgned to assess the nature of the
greywater for an 1solated northern community, Samples from a

site in Whale Cove were used in thie investigation. The

characterisation included measurements of total coli forms,

fecal coliforms, fecal streptococci, total organic carbon{

>

’suSpendeq solids, total and ortho phosphates, nitrates and

ammonia. This greywafer contained slgnlflcant quentities of
. * L :

coliform organisms as well as organic carbon, suspended

v

solfds, phosprates and ammoniae Presence ot large numbers of
colltorm drganisms lndlcated the potential for patrogen'~
© e . ,
occurren?e.}-
In" order to develop moasuris to prevent any potential
adverse health and environmental effects of this wastewa ter,
2 .

a treatment system Iinvolving sand filtration and o

dislntection was evaluated. Saupleu_ot greywvater from a site

iv



e

i

in Edmonton were used in treatment experiments.
: »

. &
The results of this ifnvestigation provide an estimate

of the pollutional potential of éroyvator. Send filtration

and chlorination appear to be a practical solution for

'

areywvater treatment.
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Ie INfRODUCTION o
The Canadlan Arctic is an enormous, sﬁarsely populated land.
The political boundariss of the Yukon and Northwest |
Territories (N-W.f.) contain most of the Canadlaﬁ Arctic.
This area of 3.2 million square kllo;eters. of which 140,000
igs fresh water, éontaln a total population of scme S0, 000

peopley, chiefly inhebiting the southern latitutes (Watmore,

1971). Waate disposal methods in the Arctic rnvifonmenf

‘
N

crehte nany probLemsathat are not tounq in southern
climates, In Qddltion, economic resources often do not exist
to éupport central sewerage systems for residential
dwellings in isolated northe:n commurities. The management

“

of wastewater discharged from single family dwellinge which

ar;hnot connected to central Sewerage systems is a major
L
prob%em throughout the Northe.

For many years, subsurface sclil disposgal via the
ponvonfional Beptic tank-soll abscrptlion system hLas been the
primary method for disposal of wastewater in unsewered
locations, anortunately, most of the land area’in the
NeWeT. 18 simoly unsuitable for on site treatment and’
disposal by the septic_tank system due to poor scll
conditione and permafroste.

Permafrost 1s defined as the thermal condition of earth
materials such as soil and rock whereby temperatures remain
below 00C continuously. Thus, permafrost means ground that

. .

remains frozen throughout the annual cycle of seasons. Thre

extent of the discontinuous and continucus permafrost zones

i -
N



in Conada has been genera}ly d{:;irlned during the past 10
vears, although dotgll.d local information 18 still sparze ~
in all but a few areas. Contlnuocus permafrost is permhtrbst

consistent throughout the reglon, whereas discontinuous “

4

permaf?nst is permafrost intermingled with unfrozen garounds.

P ' .
Permafrost varies in thickness from a few centimeters or
maters at the southern limits to about 60-90 m at the
boundary of the continuous zone,

Poor dreinage is a t&plcal condition ot permafrost
terrein because of the presence of impervious frozen grounz
at shallow depth, even in summer. Saturetec ground
conditiong in summer and & frozen surface in winter cauce
infiltration rates to drop to As low as zero, thus
disallowing the use of conventional septic tenk-soil
ebsorption treatment systems for wastewatere. Altefndte
systems need to be devaloped to pf.venf health hezards from
occurringe. The lack of adequate wastewater disposal aystems
for pfoblem goll areas has caused concern for public he;lfh
and environmental quality. Several alternate treatment

“tems whose applications are not dependert on site soii
itions are under lﬁvostlgatlon (Otis pt gl;, 1975; Sauer
7 19763 2iehel gt ale, 1974:1701 € BReinke, 1975;
@ skey 1778)c. One alternative that sppears to offer
* poten*ial s waste segregation. Besically this
ap, . h L ves raretion of tollet wastes (black water)

a 1 tie taere’ T wrates(greywater) to facilitate their

separate . 2atme ant disposal,



In huqh of the north, piped water supply systems are

not avallable. This may be largely attributed to piped

L4

syatems being subject to damage from freezing in permafrost

7
(3

and cold-dominated sites. The construction and operation of
1nsu1uté&, heat-sensitive and cdependable systenms can impose
severe dnglneérlng,vlogistlc aﬁd economic constreintse. The
comaunities tc be gerved 19 the N.W.T. are very’smmll.
generally leas than 1000 perso;s taving little or no tax
revenue or skilled labore

There i3 no doubt that for 6;}nanent com anities a
plped, buried water distrihution and sewage collection
system ls desireble from both a nublic health and soclal
perspective, Hovever,vlack of engineering decign
information, ade;uafe insutation materials, transportation
probfems. uncertain aéonomics, sparsoly‘DOpuleted and

' .
imolated settlements have contributed to tte use of
alternat? solutions. )

Lack of piped water supply precludes the use of flueh
tollete, Hence people rely on "honey-bags" for tcilet weétes
and thereby ée;regutlng greywater, Even witt a trucked water
ayatemy, flush tol lets are too wasteful eo waste eegregation
must be mainteined. The tollet wastes in hone_. begs are
either dumped indiscriminately on the grourd, or to empty
barrels which are hauled away by trucke. Greywater is
generally dlschkrged onto the ground outside houses by a

plpe 1ead%ng directly from_ kitchen sink and E;throo-.

Greywater rspresents all the vastovgter produced in a



household other than toilet wastes and idcludQs kitchen,
dighwasher, laundry, shower/bath end bathroom sink
wastewater. .7

Greywater {s more amenable to tfeatment for ultimate
surfeace dlaposal because toiiet paper and feces, both goll
cloggirg materials, have been eliminated.e The total
wastewater flow s decreased by about 40% if2 greywater i3
segregated (Laak, 1977), It is believed that ttre bable
potential health hazard from excreted pathogenic ocrganisms
would be lower tﬁr greywa t-ri; however laurdering of soliled

»

diaepers {a a direct source of fecal matter {n greywater.

The character of was+te flows frcm indivldual householis
can have a profound affect on the performancg of indivicual
tousehold treatment and final disposal nethods; Varil ous
water use events within a home create an lnte}mlttent flow
pattern of wastes that vary widely Iin strength aﬂd volumes
In order to study and lmprove individual freéfmenf and
disposal alf;rnatlvos ottectlveiy, the gquantitative and
qualitative charactcristic of household vnsf?vater muat be
understood.

Tte bpurpomse of this study was to adeguately
characterise greywater both quantitetively and
qualitatively. Based on the information obtained, the gtady
attempted to evaluate the feasibility of treeting greywater

to reduce any potential adverse healttr and environnentalw

effects due to greywater disposal,



A. SCOPE OF STUDY
4

To comprehensively investigate the feesibility of
treating greyvater,>to reduce any potential edverse health
and environmertal effactas, the following problems were
explored: .f
1. chemical and biological characteristics of greywater.
2. effluent qualit+y that could be produced ty selec ted

treatment processes; and )
3. relliability of a treatment scheme.
Tre ma jor concern with a greywater treatment system is
minimizing the amount‘of homeowner operaticn and malntenance
necassary while insuring s reliable, effective systeme. ’

Chapter Il contains an extensive litermture survey to
eatablish *he’current practices of treating grey ter,
including a detailed analysis of its character bo -
qualitatively and quantitatively. Chapter IIT presente a
discussion of the management of greyweter frcm residential
dwellings in isolated commuhlfleq in the N.¥%.Te The
procedures used to characterize greywater are outlined ina
chapter IV, Alsc !ncluded Iin chaopter IV sre the resultm of
lsbe . ry research and a dliscuasion of thelr meaninagae.
Chapt=. V contains “he procedures used to e;;Luate~fhe
effactiveness of the treatment process studled an& an
analysis of the feasibility ot treating greyvntef in
relation to resul+s of the inveastigation.: Conclugions and

recommendations for further study are presenfed in qhapfers

VI and VII, respectively,

A
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IT. REVIEY OF PREVIOUS WORK

A. HEALTH IMPLICATIONS OF GREYWATER MANAGEMENT

Maﬁy microorganiams and viruses that occur lnrya+q;
produce diseases in man. Pathogenic organisms found in
wastewater are di scharged by human beings wto are infected
with disease or who ar; carriers ;f a particular disease.
The usual bacterial nathogenic organisme the+ may be
excreted by man cause diseases of ‘he gastrointestiral
tract, ceuch as typnhold and paratypholid fever, dysentery,
dierrhea and cholera. Because thece organisms ar; highly
1nfectig§s, they are responsible for meny thousards of
doafrsbeuch yvyear In areas with ooof sanitation, especially
ln»fﬁe.tropics.

In atfe;pflng to assegs the hazerds In drinking water
"1+ is important to know how many viable pethogenic cells are
nececsgary to inlitiate an i{nfection. McCuilouah and Eilsele
(1§F1) found that a dose »f 106-105 salmonellee per person
was necessary for most strains, altrough 103 cells of some
stralins could initiate Infectlion. Some enteric pathogens are
highly virulent, causing infectlion when relaflvely few cefls

N

are adminstered. For example, a2 dose of 103 gShigella
dyseanteriae and of S, flaxneari cen cauee inrfection. (Levine
et aley 1973; Dupont ot ales 1972) Otrer peathogens require

lﬁrge nmmbofs t int t, for example, a dcse of 107

-
Salmonella ityphosa per person (Bornick, 1270) and a dose of

10%- 10® of Yibrigo chc _~ae per persone (Cash et plo.y, 1974)
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The infecting dose warles with age and general health of %he
host populatlon. Infants and the aged may be particularly

susceptible. ; N
- \\/

Ir normal hosts pathogenic enteric bacteria must be
ingested in numbers(10%-10% or more organisms) sufficient to
overgrow the normal flora of the }ntestine completely before

o . o, !

disease occurs. In conpromised/ﬁosts, however, and perhaqs ®£J
in some normal hosts ag well, the ingestion of small numbers
of some of these rathogens-may {nduce diseasme. Thus, the
presence 6f even a small number of enteric pathogens in a
consumed water may not be innocuouse. Also, an innocuous
situation can be converted into ong that i razardous. For
example, i1f water that contains a small number of pathogenic
enteric bacterlia is used in the preparation of a; infant's
formulsa and the prepared formula remeins at room tempe rature
for geveral hours be fore feedlng,_the few pathogencs
originally presant may multiply to aisease produclng doses
by thertime the formula is fed. Waters thet conteln small
k\.
numberse of patt-genic enteric bacteria may also be use “+o
reconstl tute dehydrated foods (such ae milk powder) and ir
the preparations of custards and othe -~ foodstuffé that ere
not cooked before they are eaten, Moreover, the presence of
enteric viruses in water, must always be judged to0 be a )/W\
potential threat to health. : \ g

The smallest numbers of infective virions detec ted in &

water that is consumed constitutes a potential direct risk

of Infection to the consumer. The risk of di csease is
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probably not greet when such small numbers of virions are

ingested, but individuals gso Infected often excrete large

numbers of virione in their feces. The rick of disease in

contact~ of those who are infected by ingestion of

el

conf&minated\vater. thereforg is relatively grea? because of
the 1érg? ﬁumberi of virions that tﬁelcontactrmay ingest.

The diseases that may be borne by water include
cholera, dysentery, infectious hepatitls, scfiétosomlasls,
fypho{d,»leptq;pivosls, saimonellosis. tulerémia,
pollomyelitls ahd tuberculosis. Thé access ;f fecal
>p011u1i0n'¥0 & water codrse or a water‘supply may edd a
variety of intestinal pathogense. The mosf common waterborge
pathougens include Sglmgnglln, Shiggll&' enferopathoéenlc
Escoll, !inzLQ,AQ;Qthgigngm and humen enterévlruses.
(Bell,1975)

Fnteric orga. ! "sy, that ig the gram negativ; bacilli
that normally colonize the 1nte§tlnal traét,‘have become

. A

increasingly important in human diseese. Tre gerere
Salmgnellas Shkigella, certaln strains of\ Escterichia coli
end xgggiﬁlg ;re pathogens that cen ceuse éerlous intestinal
diseases. The remalning enterics ére Oppo}fur!sts ;tich
under normal circumstances are either 1ﬁcorscquen+iat or
beneficial to mane However, in an appropriasately altered or
debilitated togt, opportunist Organismsﬂcan ceuse diseage.

Salmopella 1ntect1§n is almosf always due to the

ingestion of contaminated materials. The orgenisms enter the

tissues from the intestines., There are three mein typer of

(
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cl}nical\muniiostaflons of Salmongllu iﬁfaci}on. namel&,
enteric.?ever. éaStrqenterLtls, add septiceﬁ1a. Amﬁngnfhe
entsric teyers the classlc example is typhold fever. 

The sourée of alleaImonella lnTection 1; the reservoir

of organlems living in the tissues of human belngs/br

!
¢

an{mals. Infection occurs through food, milk or water
cantaminated with infected feces or urine or by the actual
ingestion of the !'nfected animal tissues. The hosts which

harbbr the organigma may boé clinicdlly-recogn}zed cases,

sick animalas or carriers.

s

The natural habitat of Shiﬂilln 18 the gastrointestinal
fract of man. Thus the onlv A mportant source bf infection in

) . .
man is the human hoste In man, fhase crganismrs may cause n

fulmina+ing cease of classgle dysentery, a mild'diarrhes or

perhaps most freguently un‘inapparent.or subclinicay

o

\\
infection folibwing the oral introduction of the épecif!c -

orgafisms. Because of thle wide variaticn in seVérlty'of

clinical aymptoms the term "shigellosis" ie cften applied{td

lnfecfiong caused by this aroup of organismga The disease is
spresd from person fo ¢ ~g0n by a variety of'meffodsﬁ
Contamination of'huéan ﬁingers with fecal mater;plv
Eontaining dysentery bacilll is the ﬁost common mode of

transmissiona. Contamination of lavatory seats is another
) A e . .
imporntant \factor. The disease can also spread 1ndlrg¢t1y

- 1

through contaminated water and food supplles&
The‘developmen* of a true carrier state is of rare

occurrence, perhaps due to the fact that dysentery bacilli

~
>

ST

3
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only invade the intestine and show no tendency to invade the
biliery tract, Clinical attack rates are higher in children

as compared with adults In the same communi ty.

Escherichia ¢9ll is the predominant organiesm in the

intestinal cangl of mane The organlswms gain entrance to the

.~

lnteetlnal-canel shortly after birth and pdrslst throughouf
llt;- Many, if not all, members may stow opportunistic
vathogenicity. A limited number of well definéd Eerotypes is
closely asgociated with cértain Infectious enteric dlse?éés
in human infants and young of other animale. There are
usually m;ghanlsms provided whereby‘tfo nevbgrno may resist
bagtérigi lnvasion and adjust itself to an equifﬁble
hoat-parasite relationshipe This felaflénsrlp may be upset
-by varlous_facfors. The clinical picture represenfs in
infants a profuse diarrhoea, high fempera{ﬁre, debhydration
end p;ostratlon often aseoéia*ed with a septiceemian. Es gali
organisms may be found in the bone marrow end blood s;reim.
In adult human beings'ﬁ;gﬁll mayflnvade the appondix.'aull
bladdor,'porlton?ul cavity, kidneys end the urinary bladder.
It has been éﬁové th;t epidemic diarrhoea caused by certain
specieq aerotipes of E;ggl* ma} be introduced by carriers.
(qupoﬁ 2t 51..'1955)L |

Vlbrlbﬂ'conmo;}y ar§ found in gstuarlno; coaatal‘and
do(p oco;n ;ntof. However, man}\Froahvator Vlhﬂfo specles
~ also have bqoﬁ 1&on%1f1ed. Thp salt requiring and freshwater

° >

Vibrios include species pathogenic for man, for exanp}o, Y

Wn and Yo thl\zm,rospectlvely- Cholera has

\ 1
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been recognized as a waterborne disease of m;n since the
tura of thq centurye. The in“ectious agent may entér ;ater
‘dlrectly from the infected host or indirectly vie wastewater
from ereas inhabited by clinical cases of chcolera, persons
in the incubation stage, or healthy carriers,

Intectlonjls acqui;ed ei ther by the ingestion of
érganlsma present in contaminated water or to a léssor
degree contaminated vegetables and frui+ts ~ from a.cholera
patient b direct contact. The bacteria multiply in the
small intestine and because the organism autolyses very
readlly considerable amounts of endotoxin ar; Iiberateq
during growthe Cholera lé an acute infectious disease
charecterized by abrupt onset, vomiting, extraordinary
didfrhea, muacular cramps and other slgns of dehydra tion,
subnormal temﬁlratures, ;;11 of blood pressure, supprescslon
of urine and rapld collapse. Survival of cholera Vibrlos
outside the host is not of long duratlbn. The orgenisms
remain viscle in s+ools and in river water up to 17 day;
(Solytys, 1963).

Outbreakailn England and Germany are very gcod exemples
of the role of water In thé.spread of choleres One of the
eplidemics In Edgland, known as the "Broad Street Pump"
epidemic 1in London was SQPY“ to be spread from one person to
another at the pumpes By removing the bhandle of the pumb the
epldemic was'termlnated. The disease is now found only on
the Aslan continent. There has been no cholera in A;erlca

since 1882 and in Europe since 1925, Cholera is & disease

Y
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which occurs only under the most deplorable gani tary
condltions. Adeguate sewage disposal and proper supervision
of water supplie= make large-scale epidemics of chc era
imposslblq. |

Peeudomonas asrugingosa, while it is often considered to
be an ubiqui tous. bacterial inhabitant of surface wsters and
soll, appearsbto enter the environqen? mainly with human
fecal wastes or with "i,e fecal wactes of animels ascsociated
with man, it is said to be shed by approximately 15% of all
persons (Ziebel et al., 1974). Pseudorocas ceruglicosas is arn
opporturistic p;thogan of man and animals which may be
spread by vat;r. Gastrointestinal infections witt
Pseudomopnas aeruginosa have been documented, particularly in
infants, There is some evidence that guch infections can be
caused by consumpf!on of contaminated foods or water,
Lartigau (1898) firet described two outbreasaks of

gastroenteritis inveolving 15_1ndlv1duals of whom 4 died.

Pszudomonas neruginosa was isolated from fecal meterial and

1}

from each of S well waters used by the individuals involved,
In addition to the enteric (intestinal) organisms,
non—e?teric organisms such as thoge discharged in sputum,
and washed from mkin can be pathogeinic 16 mane For example,
Streptococci are primarily found in the huren upper
respiratory and intestinal tracts, and can also be present
on the‘skln. around the anus and in the vagina and cervix.
Streptococcl infections in man are usually initiated by an

]

apparently healthy carrier, when conditions become favorable



for the propaga tion ot the infecting agent. The infections
range from phearyngitis with an acute onset, to the m e
insidious posmstinfection sequelae Buch aes rheumatic ﬂZ:er.

Pathogenic Staphylococci are found onbfhe skiq and in
.the nose and are carried on var{ous mpcbcufaneous surfaces
of humens from Slrth until death. Human beings beccome
{nfected only when hias sueceptibility 1s apnreciably
affected. Staphyloeo;cl may produce a yidgmrange of
ihfecflons, inclﬁdingkpustJles of hair follicles or sweat
glands, meningi tig, sndocardl tis, pericarditis, $
pyelonephri tis, enterocok}tia, osteomyelitis and wound
infections. The pathogens washed frqm_skin of en irtected
person can be trenemitted to another persbn comirg in
contact with waste washwater,

Westewater is a possible mode of trenemission of
Mvcobacterium tuberculogise whiph rag lsolatéd frcm
wastewater and polluted streams (Laird et e¢l., 1913).
Tubercle bacilli have been detected in the untreated ana
treated sewage discharges of sanatoria (Jensen, 1384 ). Cases
of tuberculosis in children who had fellen into river
contaminated with sewage, have been reported (Miller and
Anderson, 1954). Skin infections caused by Mycobacterie in
swlmmlnp poole and in natural bathing waters have also been
reported ( Schaefer snd Davla! 1961). \

Tubercle bacilll can persist in the aqhatié“qnvlronncnt
for weeks. Rhines (193S5) demonstreted the survival of the

avian strain of tubercle bacilli for 73 deys in raw sewege
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and estuarine water. Low water temperature and availlable

. v
~

organic nutrients are “he two important factors influencing
prolonged survival of the Pathogenlc Mycobacteria (Rudolfs

et al., 1950).

Humans are the only established source of _
Metubercuyloasis. Thé organlisms are mainly trensmitted among
humans via droplets or aerosols or Qy direct contacte. fhe
usual portel of Jntry is the lung but the diegease may spread
to other organm, for.example. larynx, lymph ng%eé and
inteatinal tract.

Mstuberculosig has a degree of increased resistance to

chemical agents, particularly to chlorine end que ternary
S~

g ammonium compounda, and it porsists‘for extended periods irn
dried sputum. Thus, washwater fronm a bathroom &ink is a
motertial mode of transmission for Ms tuberculasis. However,
phenolics and lodidog are effective disinfectants for the
tubercle dacillus (Slack & Snyder, 1978).

In addition to bacteria as infectious agents that are
potentially waterborne, there are viruses thet could
contaminate water, The'lnfecflous hepatitis virue deserves
special attention since it has been detini tely recognized as
& waterborne pathogen. The ecoloay of enteric viruses isg
generally governed by the season of the yeer and by the

-
socioeconomic level of the populatione. The viruses are shed
in large quantities ln‘teces of even healtﬁy carriers and

their numbers in raw municipatl se-age may renge from 103 to

‘more than 103%/L (Bitton, 1978). These viral rethogens may
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survive sewage treatment operations a;d come into contact
with man via food or water. Unfortunately, the virus that
causes infectious hepatitis has not yet been isolated. Nost
of the virus survlvil studies h;ve used poliovirus as a
mo#ol and infermation is still lacking on the behaviour of
the elusive virus fhat causes infectious hepefitls. Since

the causative virus has not been cuitivattd in cell culture..
2all available evidence about tﬁo transmission of infectious
hepa+itis by polluted water is epidemiologice

Infections may result from exposure of oral, ocular,.
nasopharygeal and abraded skin.surfaces to viruses.
Contamination of water with human viruses ueually‘results
from pollution by feces or urine, but shedding of virus from
respiretory, genital or ocualar sources lnt; bath ard
washwater occurs, as well.

Of the disesses mentioned above, infectious hepatitis,
shigellosis, gestroentéritfs, salmonellosis, streptoccccal
sore throats and tuberculosis have been found to occur ;n
the N.WeT. Table II-1 lists the number of cases cof each
disease reported by the nurses in each community in the
NeW.T. tor the years 1974~1978. It skould be reallzéd, that
the table could be incomplete due to inadequets rellability
of reporting occurrences of diseaseg for small 1solated
com-unlfloa.

w

There may be a potential for the tranemission ot

disease by land disposal of wastewater because of the largs

variety of disesase causing microorganisms end paras] tes that
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are present in domestic westewater, In addition, bacteris
have bee; found to survive for a long period‘iﬁ cold
climetes and in solle that retain a high amount of woisture
(Beard, 1940). Also, high quentities of nutrients are
pre®ent in wastewater that enhances bacterial survival, Land
epplication of v;a?evater over long periods of time could
result in the accumulation of orgenisms at tre goil surface
where fhey will be concentrated. Runoff from such areas
could contaminate surface waters, i1 f not controlled, At
pregent, there is no mvidence availeble to suggest that land
dlsposal of iastewater la a major mode of digcase

<
transmission Iin the N.W.T. However, - it 1s 1rportert to rote,
that the potentiml fnr the spread of disea=se througt surface
runoff doea exist,

‘Alfhough most of the above diseases sre caused by
contamination of water with fecal matter, j.ee. meinly black
water, areywater is capable ot harboring vattowxense.
Particularly, bath and laundry wastewa%er could edd fecal
pollution. As well, washwater from bathroom £irnks could
contaln pathogens from people suffering frem résplratory
ilinesses.

Of special Interest Is the likelihood of encountering
pathogenic organlsms4curried in the wastewater gstreem from a
&lven household a;& {f so .nc&untered, in what
concentrations. Obviously, the ideal epproach would be to
test for pathogenic microorganisms in water.‘ﬁowever.

different pathogens occur at different and highly varieble
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denslities in feces and in polluted watera, This veriabllity
reflects the intestinal infections prevalert at different
tlmoa-in ;aru~blooded animal populations. To &etecf all
dimsease producing organisms, microbiologists would have to
perforgga variety of complex, time-consuming, and often not
fully verified procedures for each sample snalyzed. None of
the currently available procedures are applicable to routine
rquantitative isolatlion of samall numberas of pathogers 1in
water. A more expedlent approach is to seek a microbfal
indicator group common to the feces‘of all warm-bklooded
animals,

The coliform organiams have long been recognized as
suitable mlcrbblologlcaltindlcators of water quality largely
because they occur Iin relaflvely-large numbers; they are
epecifin, they are relatively resistant to conditions In
most water anvironments and their detectlion in water is
retatively eery and reliable (Buttlanx and Mossal; 1961)e An
indicato~ of pathogegg ig ultimately an Indicator ot
possible hazards $to public health. Indicator organiems may
suggest the presence of feces, domestic sawagé. viryses and

24
other pathogens or sufficient numbers of pathogens to
produce disease, but they do not necessarily cauee digease
tremselves.
g If the coliform grouo Iis to be used or ar indicator of
fecal pollution of water, it 1ls important to know that the

coliforms dc¢ not lose viabllity {n tre water environment

faster than pathogenic bacteria, such as Salmenella and

o
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shigella.

Llftlo‘intormaflon exiata on the survivel of bacterina
16 wvater. McFeters gt al. (1974) recently reviewed previous
work and presented. their own data on die-off of intestinal
pathogens inﬂwell wafor. They f&und the die-off rates for
pafhogene‘and coliforms to be approximately the ;ame-

Another factor to be cops{dereduis the relative
sens] tivi+ty of coliforms and bacterial patrogens. to
disinfectants. Although this subject fras -been Tittle studied
recently, the older work (Butterfield et al.y 1843;
Butterfield £ Wattie, 1946; Wattle £ Chambers, 19423)
indicated that there was esaentially no diffenence between
these different organisms iﬁ sengitivity to disinfgctlon.
However, viral pathogens survive longer then becterial
pathogens thqs; indicating that viruses are more resistant
tp disinfection than bac terla (Colwell & Hetrick, 1876,

The coliform te°£ ls notr infallible, rtowever, A
nregative co}ltorn teat result. does not rule out the preaenc;
of harmful organisms, esbecially the more rardy viruses.
La~yl et gle (1967) 1sola'§_ed Bseudodorar 2 .uglpose from
drinking water samples regarded as sstisfactory on the ba-'g
of the coliform count. ‘

Smith ¢t %L. £19773 found srhower wastes aboard a Great
Lakes vessal to contain }I.OOOIioO'mL of P, peruginomas This
organism is a pathogen of particular cogcern to man‘%ecause

it is highly resistant to antibecterial agentse. This

organism may be found {n wound infections, erd in eyé and
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ear infections. Far infectlions may lead to complications,
such as abscess of the brain, mastoiditis, thrombophlebltis
of the lateral sinus, and sometimes ménlngltis. Also it may
play and 1mpoq3ant.role in gastroihtesilnal dféturbancts.

¢

(Grabow, IQ;O).
v/"

The washwater digseases (mostly skin, eye,'gnd ear
infections but also including some very rare ard very
serious nervous sfsten infections) are indlrec’ly, if et .
all, related to fecal contamination. Ttus, .1t must be

/ I
recognized that there are'qlseases qhiéhfmay be coptracted
by water contact for which the fecal 1nd1cptors are
extremely pdér. if not irrelevant. - -

‘ -

Total coliform as a fecal indicator 1e rot valid
becau;e it includes organime of nonfecal orligir. The fecol
coliform group is a better te;altgndlca*or syster and a part
of the total coliform group. Yet, the total coliform grouap
is useful in dimsinfected waters because it comprises mote
organisms than the fecal collform group and thereby surwvives
longer In a disinfec ted water, adding a megpsure of gafety as
an indicator of more resistant pathogense. ﬁéwever. even when
indicator bacteria are absent from a wgter, one cannot bhe
certain that viruses are.also absent. Th;ltofnl coliform and
fecal coliform tests have been'pd;amounf in the
bacteriol. ical monltoring of water quality; A‘cinselc

failure of the coliforms as indicators of fecal pollution .

occurred in Ri#eraido, California, in 1965 when a waterborne

outbreak of Salmonella tvphimurium 1n1§5tions afflicted more

,,J L’\\ ’ | | 22 )

L.v/‘ |
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than 16, 000 persons (Condit and‘Stohe,'1965). Alfhohgh

Sglmgngllh‘jxgnimgngm was reco%ered from the incriminated

vater supply, fecal coliforms were nof. Thusy rigid relliance
. . —sy ]

upon a singlte lﬁdicator»group may lead to & false assurance

' of the bacterial safety of a water.

The use of fecal gtreptococci s indicatér of fecal
poliufion:of v;ter has been suggested by Qarious
reseaécheré. The advantages of fecal étreptoco&ci as
pollution indicators arise from tﬁeir abéence ffom pure
waters, vinglin soils, and ehvlrbnments havihg no contact
with human and anipal'iife, thelir perSlstenc; witrout
mulfipllcafion outgide the animal body, and their oreéencé
in much greate;'hﬁmbers than pathogense.

Fecalbcollforms and other coliforms as wel}, can
mﬁltiply in weter ngen sufflclenf nutrient mat;rial.
Streptococcl do not aultiply in polluted waters, glving ttem
e cslgnificant adventage ﬁver collfo;m~1ndicgfors for {

detecting recent poltlution. Fecal streptococci }enernlly

have been found to be more persistant than fecal coliforms

- o

and are therefore a safer indicator of pollution. €ince

v .
fecal s*reptococci survive longer than feceal coliformgy they
. . (, 2, i

are a better indicator of viral contamination (Kenner,

1978).

A fully adeguate indicator system does not exist for
viruses Iin the water environment. Nor, for trtat matter, does

there exist an indicator system that serves wekl-for

rathogenic bacteria in all situations. Ushally."the presence

13
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fecal coliforms end fecal

of indicator coli forns

r.ptnrocgl in ater implies the possible presence ot

»

vlgﬁaea andvother pathogens,

Be GREYVATER FLOW AND LOADING PAYTERN
= A summary of the average flow volumes d;ternlﬂéd by
several lnvostlcﬁtors for hPusehold croyvator.ovents ie
'presented in Table I1-2. As({mshown, the primary gontrlbufors
to the'greywate? flgvlarc t activi:iee of bathing 4{1.3
L/c/d or 40%) and lanndry (37.8 L/c/d or 34%). Ir total, the
greywater generated in a typical res “ential-dwelling was,
on tﬂe average, 105.2 L/c/de

Severalzinvgstlgators (Bennet and Linstedt, 1875;
B;sik. 1973; Kaney ESHaman, 1967; Laak, 1974:‘L1utann. 1272;
Slenr}st et al., 1975 'alimen, 18725 ) have deterained the
wat&r usege for differant household ev.éts aL a percentage
of‘the total avoraﬁe flowe. Tho'rqeultsvbée sumﬁérized in
Table II-3.

Bagod on the asgunptlon of four persona‘pef fousehold
BonnettAand L!hatodf (1975) estimated &he compbaltlon of
soad-related wastewater. The bathroonm sink wes estimated to
contribute 20%, dbathtub and shower 35%, laundry 40% and
dlnhva+or 55 of1tota1 was tewa ter.

For designing & _proper treatment -ysfe‘. additionatl
information on pattorni or variations in fhc flov.ia
éoqulrod. ln?additlon to the volumes of wagtewater produced

‘per day. Witt (1974) investigated wastewster flows from 11
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homes in Wisconsin, with the objective of studying

contributions made to the volume of wastewater fron various
events in a home on a day—-to~day basis. The usage pntterﬁs
throughout the day on an hourly bpsls was also studlid to
identify periods of high or low flow and the frequency of
the various events contributing to tre f}ow.

Monday was found to have the hilghest average flows with

.,

187.8 L/c/d while Friday had the lowest with en sverage of
141.,8 L/c/de Little variation in the flow existed for any of

the events except  the bath and laundry. Baths showed a

-

significant difference between Friday at 30.4 L/c¢/d and
Saturdey at 45.8 L/p/é. The laundry contributed a
significantly higher value to the flow on Monday and
Tuesday, when compared to other days of the’week.

On a typlcal day, peak water uéage occurred during the

.
te

morning and evening hours producing flows of 161.2 L/c/d.
Laundry was largely concentrated in the morning with 63% of

flow occurring between 7 aseme to 2 pems Peak flows from

-

baths and shoveﬁs were most oft found ir the evening Ltours
between S p.ms and midnite although the morning hours of 6-9

aeme almo showed an Increase }npn this evert., Dishwashings

were meagured in 3 peaks following the mealtimes with the

largest flow'betvoen S aad 7 peme

In a similar study by Siegrist gt al. (1976) the vast

¢

na jority of polluta s produced by an average household

s r
etween the houre of 6 aeme. and @

was found t0o be genertra ted

pPeme with distinct peaks occuring at 9 aemey 1 peme and 7
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PemMe

Ce GREYWATER CHEMICAL CNARACTERISTICS

The characteristics of greywater depqrd on tre living
habits and personal hygiene. The different cleaning agents,
dishwashing, bathing, and other household ligquids used by a
family w%ll influence the physical, chemicel and
microbiological characteristice of greywater between
families. Thus, averages of representative greywater
éharactoriatlcs must be used cautiously. Tebles I11-4, II-5,
11-6 & I1-7 summarize some average characteristics of _ .
individual wastewaters as determined from the liferé#ur;. As
shown, the greywater does contain slanlfgcanf'concentratlona
of the pollutants m;nltorod. The ki tchen wastewaters

primarily contain food residues, diehwashing detergent and

wastewater from food preparation whict can produce a

signilificant organic contribution. In addﬁﬁ*dn, kitcten

wastewaters occaslonally contatn drain cleaners, scouring
L
cleansers and bleache
Bathroom greywaters carry shaving wastes, stower/beth
waters, moaps, toothpastes and mouthwashes. Laundry
contributes body oils and dirt, detergente, and a Iarge

volume of water. Rinsing dirty diapers will edd to the

numbers of coliforms and fecal coliforms-



28

93s:. Aupuneq
% woudyjeg
G.ol *379Uuag

8961 *l® 39 uoss|g

v/61 *SsadAy

§'9 --- £ L1l
<
--- ( z2Lo
62°0 (

L0°0 ( 00

§'0 SL°0 A
--- 08 1Al
841 £€ 29l

vZ'0 === Lo

8L 261 vl

9}SeM uaydILy J433eM Asuy jue | u_“amw

B woouyieg J133Y3ufg 433eM Aoun

LL61 *‘Sapueag

b-11 378yt

ARANS INIVITLTT WOY WILYM A390 40 SITISTHILIVHVHI

J01
SpPLLOS 'S

d se

¥0d- 04340

d se

Yod Le301

/Bu

Jajawedey



TABLE II-5

CHARACTERISTI®S OF GKEY WATER FROM LITERATURE SURVEY

Parameter

Total PO4
as-P

Ortho-PO4
as P

S. Solids
TOC

NH3-N

NOZ-N

NPB-N

TKN

K TCHEN WASTE

720

880

. 0.3

74

Witt et
al, 1974

{mg/c/d)

419
177

411
5000

32.3

1.8

424

30
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TABLE 11-6
CHARACTERISTICS OF GREY WATER FROM LITERATURE SURVEY

BATHROOM WASTE

Siegrist Pancuska, Witt et
Parameter et al, 1976 1975 al, 1974
(mg/L) - _{mg/L) (mg/c/d)
Total PO, 2~ 10.0 36
as P
Ortho-PO4 1 - 21-
as P
S. Solids 120 3¢4 2261
TOC 100 103, - 1749
NH3-N ¥ 2 - 40
NOZ-N - - -
NO;-N 0.4 - . ' 7.4

TKN 17 | 1.2 306
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D. GREYWATER MICROBIOLOGICAL CHARACTERISTICS

In surveying 1! terature, microbiologiceal studies have
demonstrated that raw greywater does possess a potential for
contalg;ng pathogenic orgenisms. Ilcroblologlpal
charactofg;tics reported by smeveral investigators (Bennetf
and Linstedat, 1275; Brandes, 1977; Hypes, 1874; Elegrist ¢4t
gley 1976; Olsmon st ale, 1968;) are presented in Teble
IT-R.. As shown, the results demonstrate thet a wide range of
indicator organisms can be expected in greywe ter, which {n
turn indicated a pétential for their quhogenlc

contamination. Siegriat (1977) monitored the greywaters

prc ficed { . bat-voom and froy washing clothes, from 6

ho sero = cver a 2-week period, yieldfng the results shown
1., Te=2 1=l « Ba!’. and laundrv are tte 2 major household
act v! t.a which possess the potential for contributing

pathogenic bacteria to the greywater.
In addition, bacteriologlical enalyses were performed

for two common pathogens, Paseudomonag aeruginosa and
‘ “

.

Stapbylococcus aureus. The results are shown in Tatle I1-10,
indicat{nn a very low inclidence of P, aeruginosge In those
samples where it was isoleated, the concentrations were
elways below 20/100 mL. S, aureus #as not isolated in ery of
_tho écmploa analygsed. Based #an these resdl?;. the pathogonli
contamination in these raw bath and laundry ;a-tovatora
appear to be falirly lasigni *‘cante

However, Smith at al- - :977) found shower westes ai sard

a Great Lakes vesse! to contain >1,000/100 ol of 2&
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geruginosa, a level qignlflcantly above‘ihe background B; o,
ngnuglngga count(22/100 ml) in the utility vater-
A wery limited data base exists tor concluslvely

determining pathogenlic content oj greywater, Also, very

little i1s known about the concentration of viruses iIn tre

total raw wastevatér from an 1nd}v1dua1lho§§eholq.‘ln ;nv

attempt to better identify the b%¥ent[a1 fgffﬁbnfaMInation ‘
of household greywater by pathogbnlc bacft?{ﬁ 7Ad viruses,b
furtber studies have to be conduéted.

[Y P . .
In addi tion to the resulte shown in Table 1II-9,

élegbisg et al. (1976) obtained gseverel isclates from
laundry ;aSh cyclq, rinse cycle nnd'bafhfshc sr.actlvity.
Slx%&—on; facal 1golateé vere.ob}ained froew wash and rinse
wagstewaters and characterised as‘§5% Esghg;igﬁig Saéo(ma*nly e
Ee coli), 27% Klebaialla pnsumenis (with tre ebility to grow
. at 44.59C), 5% high temperature Enigzghagign aerogenes
biotypes, and 2% Citrobacter xnquQLii Approxirately 50% of
the 24 fecal coliforms lsolafes froh bath waters were’
Escherichia Spo% with the remalnfxer. Klebsiella ppeumonia-
Certain biotypes ;f the genus Klﬁnainggmare geaociated
mostly with upper respiratory th;ct and hospital acquired
infections. E, lei can causo‘protuse diarrhea in infants.

A total of 48 Streptococc&l isolates were obtaine;\from
bathy, wash,y, and rinse waéttvateé sﬁqplgs. Enterococci made
up 38* of these isgolates. The'ﬁajority'ot path énterococcl

X

were S, faecalis Yar, liguefaciens. 2'2% of Streptococcal

isolates were characterised as S, nnxxg. Other Streptococcal

Q : R
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aobc!osvgonorally tognd on and in thorbody of animels apd

mhn, Vlrldon-‘and Pyogenic groups, veré aieo isolated.
Many of the aboyo organi sas, twough associated wi th

anl-alltocos. are often conaidered‘to exist in nature and

probably have less sanitary significance ttan other

-enterococcal speclies. However, the high incldence of Es

coliy Klebsiella mpp. and Enterococeci especially in wash and

rinse wanthvatorn.,lndlcates that these war es potentlally
a0
g

contain pathbgonlc orgaplsme.

In a Etudy.cdnducted'by Brandes (1277), all the teca§§t
coliforms isolates were found to be Ea colie Since thie
org%nlén ig gonerally accepted as an lndlcqtor‘of tcca};/

pollution, a potential health hazard codld possibly be\

,
‘ AN

Elniénéd to greywater,

Es» GREYVATER TREATMENT

A number of studies have beaen conducted on- the on-s&i te
treatment of household wastewater in rural communities. The
septic tank-soil absorption field is the-most comimonly used

-yiton. The system includem septic tark. pretreatment

followed by subsurface dl-oo.al. rhero are baslca"v six

ways to troat and dlspo.o septic tank effluent below the

soil's surface: seepage pite,; absorption trenches, seepege

bhﬁ-. ov;po-trtéiplrution beds, mounds an& leaching chambers
¢ sfon.',-g 1977).

'SQqugo.plt. iro,bﬁcqvutod pitse 906}20 cm wide and '
180-220 ca deep locqtpq about 30 m tio;'thé touse. Theae
i, -

o
) ., -

[}
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plits are constructed only in permeable socils. Abscrption
trenches are the most cpmmonly used treatment method for
septic tank effluent. Basically, this methcd involves
distribution of septic tank e:fluent by pertérated pipes or
+iles into a gravel bed,lvhere it leackes out into the
surrounding soils, Soépage b;ds are compact leach fields
where the bhottom of'the bed is the primary scil interface.
Evapo-transﬁ?éaflon beds evolved from seepege beds. They are
shallbv beds with gravel at the bottom to provideistoraqo of
effluent for eventual evavoration. Plants grow on the snll-
surface and utilize the wastewater. lounds are constructed =
few feet abhove the normal grade ard are traoezol§a1 in
cross-section. Wastewater is pumped up to t?e'ralsed
absorption field. Leéchlng chambers sre precest concrete
s8tructures used in place of absorption trenchese They have
open bbttoma and are usually about 1.2.m wide, 30 cm high
;nd up to 2¢4 m long. Water fr#n a meptic tank fills the
hollow space under. the leaching chamber and is distrlbut;d
evenly across the gol‘ beneath the chember.

Otis et gle (1975) investigated éeverel treatment units
under Iapordtory and . fleld conditions ar . ernatlve; to the
conventlional septic tank system to improve etfiuént quali ty,.
The 1nproved’ottluentvéuullty in turn woula'enhapce sollv
intll;f;tion aq&'roduco‘tho doéond.ncd on soils for final
treot-pn;, o}velluinate the need for solls lnvtlnnlvdi-po;gl

al together. They oxa-lnod:

o single- -ompar tmented septic tank

..
hd ;o ™
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2. a multiple~compartmented septic tank
3. continuous flow-extended ration uni'ts receiving either
raw sevage or septic tan# effluent
4. batch-extended eseration units receiving raw wastes only
and
S« rotating biological disk unite.
The results {ndicate that under 1aborato:y conditions o
multi-chambered eepf{c tank appeared to give £li rtly etter
freatment then the single-chambered smeptic tank. . o
aerobic units rerform significantly better than the septic
tanks. However, under field conditions multiprle conpart-ent
septic tank have not yet been shown +o provide significantly
better treatment over the single-compartment tanke. ther
tield condi tions, eerobic unite yield better tr;at-ent than f;r‘
septlcitanks, but periodic upse;s cause great variability in
effluent gquality. Nearly éomplota nitrificetion was achieved
through the, aefoblc units‘yhlle smmoria gnd crganic nitrogen
were the dominant forms in septic tank ertlggﬁa,‘
The convenflonal septic tank~soil ebscorption field is
not a suitable system of wastevafer dispoegal in many areas,
such as those with slowly permeable soils, excemsively

pormeablo solle, or soils over shallow bcdrock»qr mdgh

ground water, Bouma (1974) suggested en alternate aysten ot }

above-ground mounds that- use the solls ability to absorb and
3

purify wastewater. Mound~ are constructed from soll, sand,

and gravel and are normally trapezoidal in croess—-sec tion.

{ . .
Effluent entering the mound receives treatment in the mound

,.
VoS
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soll just as 1? does in properly suited native soil,

However, at some sl tes, the soils may be totally
inadequate as a treatment and disposal medium. In such
'lnstancoa. aﬁ on-gite wastewater ;isposal eyetem which is=
not dope_dent‘;n solil disposal, but which dlachaggcs thr
treated wastewater to surface waters is necessary.

Sauer 9t al. (1976) investigs ted intermittent sand
filtration of septic tank and ae;oblc treatment unit
effluents, as an alternative to subsurface disposal for
household wastewater treatment. The effluent from the septic
tank flowed into a sﬁ;ll wet well where a subaersible Hump
intermittently applied the of!luont'to.n sand filter. The
filter conslstedAot 61 cm of sand (effective size of 0ed4S mm
and uniformity coeffticlient ofv3.0) overlyirg 20 cm of
supporting pea gravel and 20 cm of coarse stone. Since the
surface area of the filters was 3nail ranging from 1.4F%
square met;r to 2.80 square meter the hydreulic loading
rates of wagtewater applied{{o‘fhe filters were relatlve!y‘

_hlzh (3 L/d/cm?-2.6 L/d/cm2). " .e - and tllfef effluent wes

collected in parforated pipes la’'d in the pee gravel and

¢

flowed by gravity through a dry-fezed chlorinetor and finally
into a chlorine contact chamber. Hypéchlorlto tablgt-
contnlnlna.n minimum of 70% free chlorine were ueed with
dctontion tl-olranglng from 3 hourq to 21 rours. Sauer et
.&. (1976) has demonstrated -lanltlcanf‘eruc;ion? of BODg,
-u-p‘ndod solids and !ndlc.tér orglnla-; vlfh4avor-¢o

-

 effluent qgulltlo- of 4-10 mg/L for BODg, 6-15 mg/L for

oy
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suspended solids and 2-61 fecal coliform /100 mL. The smeptic
tank—sand-tl{tered effluent without chlorination showed a
BODg of 6-20 mg/L, suspended soilde renged from 6-22 mg/L,
and fecal coliform count was found to be 0.5-9.8 X 1037100
mL. Sand-filtration after septic t:ﬁk or eerocblic urit
pretreatment of combined wastewater produced a fairly high
quality effluent, containing ahlov concentration of
chemical/physical pollutants and indicator bacteria. This
improvement in Gastevator quality mekes 1t possible for sand
filtered effluent to be disinfected ;nd discrarged to
surface waters,

Brandes gt al. (1974) studied phosphorus removal froé
domestic mewage using different kinds of soil filters. Three
colu;n filtere of inside diameter 15.2 cm and length ot 61
cm ver; filled with different media. One column contalned
limestone, a eecénd column contalned homogeneous mixture of
50% sand and S0% limestone, and a thlrd‘cofumn contained a
homogenous mixture of 90% sand, 10% red mud. The romﬁvai of
phosphorus from §he three columns was 71%, 76.3% end 96.9%,
regnectively. The concentration of prosphorus wae 0O.73 mg/L
in the effluent from column three. Also tested were 10
_uﬂd.fd?;and filter beds 30.5 by 25.4 cm end ;0.2 cm deep,
filled with different kinds of filtering wedia. Tte most
‘"effective filter bed was gbd humber 10 containing ?8.1 én
sand ard 38.1 cm mixture of ciayﬁiﬁ.!lt (35% cl,y,'57$:!{it.
8$,sand)‘;h1ch contributed to a r.-ivnl of approximately 99%

of BODg, 890% of the COD, and 96% of the suepended solids
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from sewage and contributed to a reletively high degree of
nitritication. Brandes gt ale (1974) also found that finer
sand appeared to be more o*toctivé in removal of fecal
coliform organisme. A 1.0 m deep sand filter of an effective
grain slzoADld = O.24nn and uni{iformity coefficient, Cu = 3,9
was able to reduce tbo concentration of fecal coliform
organiems from 2.0 X 109/100 mL in the meptic tenk effluent
toe 0.03 X 104/100 mL in the effluent from the sand fil+er
l.e. 28,54 removal. The concentration of total coliform
organism dropped frou 19.9 X 10%/100 mL to 2.3 X 10%/100
mL(88.4% removal)

21§b01 et al. (1974) showed that a sand filter of an
effective grain mize{(D10 = 0. 45Smm) and uniformity
coefficient of 3.0 was a reduce the fecal coliform orgariem
concentration from 2.3 X 104/100 wL of effluent to 4.2 X
103/100 mL(81.7% removal). The concentration of total
coliforme was found to be O.!3 X 108/100 mL(94.€% removal).

Wei and Heinke (1975) conducted‘a bench s&cale
experiment on the olictrolynlp'of rawv domestic wastewater
using consumable electrodes of stainless steel and iron.
They presented a conceptual deglnn of an electrolytic
household wastewa ter treatment unit for a fawily of filve

people. They suggested thaeat an oiectrolytlc waste treatment

unit could be en alternative to tre septic tank and tile bed

system.-in qéea. where the latter is not epplicable due to

poor soll and terrain conditions.

Preliminary experimental data indiceted significant
[¢]

w3
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removal of crgani¢ carbon and phOEphatc; A -coulomb density
of about 500 c/L achleves about 75-80% rcduction in
non-settleable organic matter. A 50% phosphate removal
efficiency was achisved at a low coulomb density of 240 c/L.
However, bacterial reduction in +he procese is small,

Anothe - dis;&vnntnge to the aSove system 1s that 1t !s more
expensive then a standard septic tank and tile field,
consumesn electrical energy and regquires periodlc r}placement
of electrodo;.

All of the above treatment methods dlscﬁssed have been
inv;;tlg;ted and evaluated for combined wastewa ter.

To improve methods of on-si te vaete'at;i manegement,
more emphasis {s helng placed on waste snnrepatlfn and
separeate treatment, especially '-‘devcloping alterna te
treatment system# not dependent on site soil conditlons.
Basically, segregation involves separating the i1ndividual
water uses within a home into two fractions
1« toilet wastea(blackwater)

2. kltchon; battroom and laundry wastewaters (greywater).
The ro-o;al of tollet wastes from the hou-oholg wastestrean,
through non-conventional toilet systems would reduce the
vastewater flow volume and pollutqﬁt load to that of
greywvater, Thl-’greyvnto; is more amenable tc treatment for

ultimate surface disposal,

oo 4
<

To date, there has been only limited research conducted
and experience gained regarding the on-site treatment and

disposal of housé#holda .riyvufor' sspecially wten considering
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on-site surface discharge. The moat-comnonly employed method
of greywater treatment and dimposal is the conventional
sentic tan;-aoil absorpfioﬁ fialde Laek (1€77) modifled the
conventional septic tank 5611 abéorption sybtei'by'deslinlng
& greywater pretreatment tank for which the design.values
were based on total pollutant per baplt; and mean maximum
monthly was tewater flows which are les.gthan for combined
vastewaters This tank iIs smaller in size than conventicnal
septic tunk. The design of a fgreywa ter pre treatment tank
takes iInto conesideration, that Kreywater g typically 200cC
hotter than combined sewage.

Raman and Chakladar (1972) investiga ted tre use of
anaeroblic upflow filtere to reduce soluble BCD«g loeding on
rand fllters and on leaching fields. The tank effluent
entered at the bottom of a filter column ttrough a systems cft
undordr(ins,_flowod upward through & layer of coarse
mate;inl ( for ex&molo, gravel) é1 cm to 122 cm deep and was
dléhargod over - welr or trough at the tope. The flows in ttre
thltors ware Iintermittent, The meen BODg,y, CODy, end suspended
solide removal efficlencies were 73%, 57% end 645,,
resnaectively, among the three filters.

Laeak (1977)'5100 proposed treating the effluent from
upflow filter media with a leaching fleld system. Compared
to a cvonventional septic tunf system, a 40% sqailcr fleld
yongth Perpendicular to groundwater flow wes adeqgua te. Based

upon clogulng load a S50% smaller interfacy area was

adegua te.
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Sleérl-t (1978) studled the performance of a
septic~tank ;and tiltratlon system for poor site conditions.
The system included septic tank pretreatment followed by
sand flltration and then surface disposal, The vas}evnter
g@enerated by tynical household events wes simulated
utilizing éon-u-or materials and waste products. The
simulated household events vere'nade to occur intermittently
durlng_thi day. The greywaters were directed to each of two
septic tanks of 1892.5 L and 3785 L size. zhe third seotic
tank of 3785 L recelved toilet flush wastewaters !n addition
to the mame greywater. Eight sand filter lysimeters, each
having a surface area of about 29lshuaro cmy 61 cm msand, 12
cm peagravel and 18 cm coarse store were established. The
regults are presented in tables II-11 and Ilf12.

Although the concentrations of BODsy¢ COD and suspended
solide were considerably higher in the raw cqmbfned
va-tgvat.r as cqmﬁared to the raw greywater, characteristics
of the ottl&ont- from the tv& 3785 L -optgc tanks were
espentielly the same. Slegrist found that rand filters
receiving 30 cm/day ot greywpter septic tank effluent
vielded filter run lengths over twice as longy processed
over twice as much wastevater and removed over 140% more
BODg and GOS sore -u-p.ﬁdod -ollﬁn than did similar fll(or-
rocoivinq co-blhod wagstewater septic tank effluent.
Infornltt.nt sand filtration of greywater septic tank
effluent through 60 cm of medium sand yielded sffluents low

in BODg and suspended solids, almost complestely nitrified



Parameter

b

80D

0o

TSS

vsS
Total-N
NN3eN

Total-PO
as P

Ortho-PO‘
as P

Flow (L/d)

4

TABLE II-11

SEPTIC TAMK EFFLUENT QUALITY, Wy/L
Siegrist, 1978

GREY WATER COME INED WASTE WATER
1892 L tank 3785 L tank 3785 L tank
Influent® effluent effluent Influent effluent
! _ -
220 101 62 260 55
420 236 S 730 169
110 47 46 410 4%
- 37 34 - 33
12 6.5 1.7 80 79
- 1.4 2.1 - 54
44 44 40 57 43
- 34 34 - 36 -
484 - - m -

Based on periodic analyses of the Simulated waste water constituents as
well as daily flow composited samples.

Based on 10 sample analyses, soluble BOD5 to total BODS equal to 0.8 for
211 units, b

47
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nitrogen present in septic tank effluents, but left the
prosphotrus largely unchanged.

Bennett and Linstedt (1975) designed a bench scale
treatment unit to evaluate the efficiency of bl. .ogical
oxidation, seﬁ-mentation, filtration ondrcarbon adsorption
in treating msoap related wastewater for a tome treatment
symtems The treatment alternatives are shown in Teble II-12.

Biological treatment in the pilot tree tment unit
consi#fod of an aeration reactor g¢nd & settling tank.,fwo
dual-media, sand-coallfilfers, wvete 1n8ta1lgd to ;valuate
the removal of solids by in~deptl f .itretion. The filters,
51 cm in diameter plexlzlass'columns'contalned e 27.9 cn
deen layer of approximately 0.5 mm diemeter silice saﬁd. A
volume of 37.85 L of wagtovuter pagsged thrcocugh the f11l ter
béds every day over a spap of four hours: .

Two columns 1.5 m in length.und 6.4 cm in diampfér
containing 1«1 m of washed virgin acflvate; carbon were
inastalled similar to the ftilter cclumns, 237.85 L of
wagstevater passed through the columns daily over a four bour
time =mpean, giving a contact time of 2” minutes in each
carbon bed.

The authors found tﬁat when the lnfluen?gkhat tad
received no prevlpu- treatment was paseed through thre filter
c;lumn COD was reduced by 39.4%, BQDs by 4f5.9%, 1ofnl.?qt1d§
by 11.7%, d%gaolvod solids by 4.4% and turbidity by 4f;3§.

2
The treatment gt other parameters {s shown in table 11-74.

Dual-media ti?trltion'ot an influent that had previocusly

L od B

N



TABLE II-13

Treatment Alternatives
(Bennett et al., 1975)

Aerobié (biolog{ﬁal) and sedimentation
. a. HNo pretreatment
“Filtration»
a. without pretreatment
b. with pretreatment
1)} aerobic(biological) and sedimentation
Carbon adsofption
a. without pretreatment
b. with pretreahn;nt
1) aerobic(biological) and sedimentafion
2) filtration

3) aerobic(biological), sedimentation and

filtration

i

S0



TYPE OF TREATMENT:

TABLE II-14
POLLUTION REDUCTION

Parameter

COD  (mg/L)
BOD (mg/L)
TS (mg/L)
CTFS (mg/L)
TVS  (mg/L)
DS (mg/L)
FDS (mg/L)
VDS (mg/L)

Total- PO4
. as P

Ortho—_PO4 (mg/L)
as P

NHé-N (mg, L)

Organic-N (mqu)

Turbidity (JTU)

Ub]iforms'

(MQ/LY

N "5,

W

(#/100 mL)

DUAL MEDIA FILTRATION
WITHOOT PRETREATMENT E

1975)

(Bennett et al,

51

~ ~SAMPLE POINT

11" of
Anthracite
Coal

Dual Media
Filter
Effluent

Iﬁf]uent
213 143
8 50 -
299 249
183 173
‘16 76
206 189
151 139
55 50
19.2 | * 9
&
300 >
0 0
.13 1
4§ 26
.gfi%]dG -
%w%

129
46

264
L, 176

27
° 1.5X10

\
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_.been passed through biologicel treatment end subseguent
- "ﬁ' . .

chl-.nfdtlﬁn wvas not effective in r.iov;ug the remaining
pollutants prc;int. The qﬁgllty ét the lnglufpt end the ‘Q;}
'5ft(uonf'v.ro”ﬁonély_1d.ntlcub with tre cié.ﬁtlon of
fnfbld!ty tnd orqanic nitrogon. ;ho rccconf;or thie
.bohcvlopr could be that pollution in tho 1ntluent  was
pf}ilrlly %l-eolypd -l?coult had been ‘treated in eeration
-ahd aodi-ontatlon.rtscfofa. Theretore, the poElut;pf; were

no! oulcoptlblo to capturo in a dual-media f ter.
L '

T*"» In both kinds of filter trqat—ont. cu&lforn- wvere not

removed indicating the need for dislnioétlon‘or other
. . " ' - [ ) . P i
altesrnate treataent me thod. L 3 S T e P
Pour degrees of brotrottnoqf“jﬁ#é'ﬁﬂed when utitizing
. St

cabbon a&-orptlon columnae They are as follows:

1« No provf;u- treatment

dia flltrathn-
acra¥§on and sodlczftgtlon

nd.d -ertfon. --dlnontntlon. and duel~media

1ltrttlon . ‘ " . :
The most efficient gystem was found to be .

. ' ’ N - ‘ ’ ’ v
asrqtion-sedimentation tolloqb&ﬂby'c-rbon adsorptions The

hl.h qucllty effluent fro- tho .orut!on unlt when turthor

- .w.-,w

tro.tcd vlth carbon ro.ultod in an ofthQnt with a BOD; of 6

Kl e “
-clL, -u-poudod -olldu ot . 22 -clhﬁnnd turbldlty ot 6.1 JTU.-

_Boanoft sad qu-tadt (1978)ﬁ-u'¢o-t¢d thtt thi- oitlu.nt. “}

atfcr dl-lnt.ction, voutd be ;ccoptcblc tor unny rdu-o

-pnrpo.ocoAA'

o -
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. : I
-y
They concludod'thgt plain aeration treatment wi+h a 4

day detention time was an eftect!ve‘-othod for stabilizing
. o ° - :
the BODg of soap related wastec.
Rialnfection - ' :
§orm Tk

;Al “bluinxiétiOn is the process ot destroying the ma jority

ay’éh -}c?oorganls-- in or}hn a substance with the probablility
[ Rl s

tmkt all pathogenlc bacterla are destroyed, fhat is.

. ﬁ .
Jscl.cflvt dostructlon of dlaoas.-cauaing organisme., In the

<

fleld o?f wastevatvr treat-ent. the two catergorles of huran
L4

.ent.blc organisas of the groafest coneequence,ln Hroducing
dieeases are bacteria and viruses.

Dlaintoctlon'isvmost coinonly accdmplished'by the use

of either cheﬁical agents or physical aggngf. Chemical

egents that can pelusod inc lude cﬁloring and i ts compvunds,

-

bromine,- iodine, ozone and 1ime. Phyéfcat disinfectants fbut

can used are heat and light (UOV radlatlon).

-

Heat is not a feasible means of disinfegtirg large
quantities of wastrvater because of the high energy cost.

The ettlcloncy ot UV radiat!oa depcnd- on the penetration of
'L'

A

'the raysglnto vaf.rg llcroorgunl-ns' as well as suepended
'.Q ’
uatt.r. dl--olvod organic molecules and water v!ll absorb

W
th&;rndiutlon._ Ne

At proﬂnntp“fho -o.t’co:-on method ot dl-intectlnq v .

LI

vn-tovatcr is by the_idditlon of chlo;lnio However, some of

the adverse dttoct- thaf ﬁay be Eiuso& by the addition of
. ‘? ‘ .':7 i
chtor!no. 1nc1ud!n¢ the possible formation ofac&rplﬂogon!c

e v P A :
cclﬁound-. nrc only fow boco-lng approclutod. mﬁd . vnrloty
- ' ‘ . ) . ek

PR
" 'S
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of other meanc for achleving the disinfection of wastewater

are cu - tly nndor,lnv.-tlcatIQn.

! - . ); b 51%"4.
The wost common chlorine compounds negd- in wastewater

treatm. slants are chlorine gas, cctgbdiﬁ%ypochlorltég
sodium hypochlorlte and chlorlno dloxid‘.'

Yhen chlorine gas is dissolved in vnfcr. lt hydrolizes

, “@
rapldly, forming. hypochlorou- acid (EOCI). vhlch cq@@éprth&nv
D\ :
1onlzo to form hypochlorite ion (OC17) -nd hydrogeﬁ 19 }ﬁi;w-%

(BE+). The amount of sach chlorln:“tpecle- pro-onf at uny '\

time im somewhat dependent on’ ‘onlc strength. qu : o

temperature, but l- prlwarlly dependent %h pHe At?pH ﬁ?O,
. //
more than 95% of free chlorine exists as HOQ%. while ot pH

: _ - ) o - I E
10, over 95% is OCl~ . The relative di-tplbu}!on ‘of HOCL and

oCL” in. Jﬁt.ﬂnll very important because the killing

- N

. efficlency of HOCL is about 40 to 80 tlmou that of OCL . The

quantity of HOCL suﬁ:%CL that 1s preaent in water in called
free avallable chlorlno.»ThQ'lgbllpatlon of hypochlorlfc: to;?yﬂ
vat.r results ia u -l-lﬁkx diatrlbutlon ot hypochlorus acid

and hypochlorite fori. In wastewvater, the free chlcrine

upécldn combine with ap-onla to f6rm chloramines in the

i

‘successive reactions:

HOCl ¢+ NH3 = “zCl + HpO _(1)
NHpCl + HOCl = NHClp + a,o ---(2)
Nﬂctz 4+ HOCU = NCI; 4+ H20 =-=-=(3)

These reactions are oxtro-oly rspld ard will occur

" preferentially to dl-lnchtlon pecause hypcchlorous acid is.

very active oxidizing agent. fho\pouctlon-jgre very -




'dcpend-nt on the pH, temperature, contact time and on the
lnltial ratio of chlorine to ammonia ('hlfo, 1972). At pH 6,
dichloramines (NHCl; ) predominate while at pH 10, a}no-t all
of the chlorine will exist as monochloramines (NH2Cl). The
chlorine in the two predorinant spocleg. NB:CL und NHC1,, 11
cnllaa combined avuiicblo chlorlnc- Thg.o»chloraulnes also

serve as dlulntectant- althouah tbcy ore ex?ronoly

~"¥ov€nnact1ng.

P

chlovamlnon to nltrog.n trichlg;ldo. o!ldatfﬁ

chloramines to nitrous oxlde(NzO)‘and hltrogcn(Nz),

reduction of chlog}no to chlor;de iony may occur according
w , Y ] .

to folloilng‘rocctloni: ‘ga

‘NHZCl + NHCl, + HOCl = N»O ;ﬁgibl -==(4)

4NHCl + 3Clz + H0 = N + N0 + 10HCL ---(5)

2NHzCl1 + HOC1
o,

NH,CL + NHECl,

N2 + H0 '+ 3HCl =---(6)

Ny + 3HCl ~--(7)
After most chloramines have Been oxidized, addlf!onnﬁ
chlorine added to vatoe produces free chlorine resldual@*;

(nocl. oct™ ), Chlor!nutlon of water to the oxtont that all

- .

a-qonia ie conv-rtod to nltrogon trlchlor!de or oxldlzed to

e
I

free nltrogon or otH@r ¢u-.- is rotorrod to as “bronkpoint

chlorination ", : o
. \ ) v . .
The -aln ron-on for .ddln. shough chlorlno to obtain a

' \\

troo chlorine ro.ldunl is that usually dl.ln!ocf!on ch
i‘? %’
a‘

thereby assured, !owov.r, chlorluatlon boyond fho Broaipo{nf

o

4
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;to obtalin tro‘:hypochlorou. acid is not economicelly

feasible in many slituations. In much cases, the cénfuct tinge

"becomes  important since HOCl and monochloramine are equally
VoL . .
N EREEUR. S .,\
effective as disinfecting compounds, only the cnntact time

required is different (Metcalf and Eddy, 197%).
Dichloremine is a more potent germicide than

nonochloréﬁ}%e?*lt PH 4.5 and with 0.5 ppm chloramine

&

( probably 100% dichlornnlno) disinfection was achieved in 20

-

nlnut’-, 'h;roa. at pH 8,6 (probably 100% nonocﬁlpraming),lﬁ
r;qulrod 60 minutes (¥Yhite, 1972).

The relative germicidal value of the three chlorlne
rnalduuls (HOCI,OCL and -onochloraniqp)'ha. bogn summarized
for Escoli by Clarke"ji ale (1964). At & O.1 mg/L residual
chlorln‘. to give a 99% reductlon of Escoll, a 66 fold-
increasé in contact time with OCLl” 1on%Pnd a 360 fold

§
increase in time vlth monochloramine is roau!rod compared to
contact ti-o with HOCI.

A

Bennett and Linstedt (1975) found essentially

‘nngllglblo colltorn count((ll/lOO mL) using in one case

diluted: Inundry bleaCh (NaOCl) and an aéf 1irt teedor a nd in

the locondh.pproach u-ing chlorine tablet feeder which

'

‘lqkﬁdducod calclum hynochlorlto tablets or crlorinated

-ocycnuruto- lnto tho -torago tanke

.;ﬂl» '-.‘., ¢ /
A! avio-t!c vantov.t:r will llkoly cont.ln n--onla or ,%f&

,

o orggﬁ;¥ﬁﬁ1trogon ‘as TKN, the prime dlsln!ocfunt will be

'-onochlorunluo 12 breakpoint chlorlnntlon Il not useds

O
Colllu-;.}.‘lo (1970) indicate that a 32 minute contact time




&

57 K

would be necessary for a 99% reduction of collfoén-. Yhite
.(1934) investiga ted dis}Ptoctlon practice at 26 California
t;iat-ent plants during a é month period in 1872. Bis data
indicated that disinfection of both primery and secondery
plant effluents was capeble fo achieving extremely low
bacterial counts (approx. 107100 mL), However, optimum
residuals were 3-4‘-¢/L after a cohtact tize for An initial
chlorine d,-and ot‘}ocs tgan 1S mg/L. He suggested tﬁaf
initial llxlnd“'asglt ma jor 1mporthce¢par?1cularly it
chlorine demand is highe. “

Johnson gt ale (1978) found that adequa te dieinfection
was obtained with coabined chlorine residual within a
contact period of 69 minutes or less for br!m;ry ernd
seco;dary\gs well 3-@!11tefed(aud unfiltéred-lagoon
etfluonts.‘Conb;nQdkchlorino r.oiduqynggihsi;woen 0«5 ang
1.01mg/L were found fo;bo adequateiln‘ridgﬁlng fecal
colitorn below tho»dlnchu;qg standard of 200/100 omLe This
residual was broduccd by a chlorine dome of between 2-3 mg/L
. for vgaf.lif;blllza+lon lagoon effluent. Filtering of lngooq
effluent through lntor-lttcnt sand tlltor. prior fog
chlorinatlon was found to reduce chlorine demend and entance
disinfection qt!lclency.
gbéqrdlng'to the U.S. Envirormental Protection Agency
fq?y_¥€£fi report (EPA,1976) ontarovlﬁutoi, such as poliﬁf
.nd.;ox-ackio viruses, appear to be more rqgll*nnt, in
general, than bacteria to chlorine. Clark gt al. (1964)

I
indicated that a 4 fold Iincrease in contact time for



£8
75}
Poliovl 18 type 1 and a 20 fold increese &;;contqct time tof
Coxsackie A2 was regquired, relative to Eacoll, to obtain a
299% xill. |

.Unfortunctﬁly, definitive data on viricidal efficiency

of the chlorination process is not available at present, It

\
appsars that chlorination beyond the breakpoint. to obtain

, A :
free chlorine will be required to kill meny of the viruses

of concern. However, many of the orgenic compounds found in

wastewater roac(rvlth chlorine to form toxic cempounds that ~

can have long-term advarse effects. Several invertigators
\ ) .

o

1 .
(Esvelt gt gl. 1973; Merkens, 1958; 2illich, 1872; Ar+thur
and Eaton, 1871; Brungs; 1973) have found acute 16x1c
effects of chlorine residuals to test fish.

: . . ,
Although no direct evidence is aveileble cof ary human

o

2

health hazards from halog,natod hydrocarbons, a -taf&a*kcﬁl“
relationship appears to. have been obiervod between the
presence of certalin chlorinated hydro;arbon- (chloroform, . 4
for exanple) ;nd a nlighfiy larger inclidence of lomobtypea
of cancer in humanm (Al;vanJu st ale, 1977i.

To -1nln!go t£o .tf,cf§§3£ botoﬁti;1ly toxic chlorine

residuals on the environment, it has been found necessary to

L3

dechlorinate wastewater treated with chlorine.

Dq;hlbr!nati?n is the practice of removing the totel
combined chl#rlnolro-ldgct thgtfoxl:t- after chlor
Sulfur dioxide, activated carbon, sodium sulfite and sodium

ination. o

-otnbl.ultl%o have been used as dechlorinating sgen ts.

3

Snoeyink .qB‘Suldnn (1978) found SOz to be thée most suitable

{ <
! L. Lo
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dechlorinating agent because the same type of todd equipaer;t
can be used ams is used for the dosing of chlorine. GCan at
ale (1978).a1.o concluded that SO, is the most preferred
-othd& for dccﬁlorlnatlon of waatewater in California, nndr
':f-?;i-oro cost-effective procesa than activated carbone
Hovovoé. they found bacteriological aftergrowth in some
microorganise populations after dochlorlnufkon. Egarowth is
deflned as the increase in nu-éS): ot vlablo‘btc?etla
tollowinc thelr reduction by a bactericidal suba?ancoo
Regrowth was observed predominantly for tofal colliforms.
There was some increase in fecal coliforms but fecel
gtbopfccoccl in the effluent remained relatively unchanged
;;ffcr dechlorination, suggesting a different potential for
regrowth for different groups of craaninm;.

‘.1
Regrowth has nlso been found gp occur 1in chlorlnnfed

v

effluents. Regrowth of both fecal qnd total coliforms was

observed by Shuvel gt ale (1973) in a well treated

o

wvastevater after 50 hours. Pecal coliforms did not generally
show regrowth to the same extent as coliforme. Thers

appeared to be an inverse relationship between the
RS

occurrence of regrowth in the holding tank and (1) the

, . AN
residual chlorine in the tank and (2) the rumber of bacteria
\
surviving chlorinatioh. The latter relationstip may be due
to the general abesence 6t;co-pot1t1vo qlcrotlﬁra end/or to

the fact that the westewater effluent provides sufficient

autriants to .1L6v for the regrowth and maintenance of a
. . B *5\“.;

certain level of coliforms. Yhen the coliform counts trgg%

e

£
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reduced to below that level they may be able to regrom, but
i g
s ey
wvhen the coliform count after chlorinetion remaine hf;ﬂdr

than that level, there are insufficient nutrients to allow
for further growth,

Deaner and Kerri (1969) were unablc.to detect regrowth
of fecal coliform in river vator'r-celvlnd sewage treatment
plant effluent, They attrlbut; this absence of regrowth to a
low Iovelrof nutrients in the receliving water and the short

time interval of testing for regrowth , that is 5 hours

gl

after discharge.

Studies have demonstrated dii rent cepecities, ot

2

regrowth for different groups of coliforms. Therefcore, one

. o

cannot assume that when coliforms regrow, the paﬂh&gen- are

+

regrowing as well, Some studles have been ce juc ted
rogarqlng regrowvth phenomenon of pathogens, although such
has not been demonstrated conclumively.

Vestewaiter disinfection in the cold”northern reglons of
i [}

Canada presents some difficult problems. The chemical

reactlon—ratg 0of chlorine with wastewater constituents
decreases vlﬁh decreansing temveratures. Consequently, the

speed with vhhch disintection proceeds is e¢lso reduced.

Further, thb~burv!v.\ time of sewage buctinia in the cold
|
1
| /

streams and rivers has been found to‘be ldrger than in the

~

warmer southe wvaters (Gordon, 1972). For threse reasons

chlorine contact time may have to be longer than normally
. P . )

employed in the warmer zones. As an cdﬂ}}lonal pr.cudf!on s

chibrlno residval of 1 ag/L is -ulnfalho& in Alaska (Gorur,

\ * ¢ o
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1975) which is higher than the normal values.

Robyrt- and Va jdic (1974!_£ound chlorine dioxide 6 be
s superior disinfectant to chlorine. Bactericlidel efficiency
of chlorine dioxide was comparable to that of chklorine in
tht neutrn{ PH range, but increased slgnlflcantly wi th pH.
Thus, chlorine dloxldo.l- possibly a more ethctive
disinfectant for the trestment of sewage effluents.

Hoffﬁ 2% ale. (1975) reported reduction of total
coliform, fecal collform and fecal stroptdcoécl to 1600,.200
and 200 colonies per IOOJQL. respec tively, by 2 ﬁinﬁtes
contact at disinfectant &osnge: of 25 mg/L cﬁiorine‘or\l}w
mg/L chlorine dioxide. Thiy also found tivc°19g requctiﬁns
in two test virus types. f;

However, chlorine dloxldo is more !r?ltablc, more toxic
end more expensive than éhlqun; end highly unstable in both

s

the aag%gps and ligquid form. It‘i-'highly exploaivr';t a
llight“ti;ng; in téﬁperature or wten exposed to light,
Therefore t {s normally produced on site, In aqueous
solution chlorine dloxide is harmioa-; The advantagesbof
chlorine dioxide are that Lt does not react with ammpnia nor
does 1t dissociate in water.

o

Another alternative to chlorine, that has been examined

for wastewater disilnfection is bromine. The major advantage

of bromine is that bromamines are -bet ter disinfectants and
" less stable than chloramines. The bromamines are reported to

break down into h.rulos;:oldiont. in less than an hour
Y

~(Gorur, 1975). Sollo gjg;ljxi1975) cowpered the use of

-

]
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. D
chlorine and bromine at pH values of 6.0, 7.5 and 9.0, Tﬁey
observed that although the two halogens performed llnllariy
at pHR 7.5; chlorine was three tincq\.- effective at pH 6.0

and bromine was three times as effective at pH 9.0, This is

a
“

due to the'pg}ativf glslnf.ctina capabilities of chloramines
and brémahlnes. At toxer pH relatively unstable dibromamine
iis'tor-od and at higher pH values the more atdblc'
nonobfonanlno'is tornod; Chlorine is less e¢. . ective ot high
PH due to the formation of OCl~ wﬂich i a muchk weaker
disinfectant thaf HC-1. |

Johnson and Sun (1975) foua;;u

ﬁila; resul te when
comparing tﬁe efficlencier of bromln¥ and chlarlne in the
destrﬁctlon of collforh organisms in en alum coaaulafed >
trfckllng flltor effluent,

Cramértgi ale (1976) examined the performance of
chlorine and 1o?1&. on goliovirus III ard F2 bacterial
virus. They found ilodine to be supqrior to crlorine af
higher pH values, However, iodine is much more expensglve
than chlorine and higher conccn;rations are r.qulro& to

(
produce a conparqhia bacterial kxille An advantage of ueing
iodine as a disinfectant is that it does not react with
ammonia. .

Oné ot the -;Qt proul;lﬁa chemical disinfectant that
has recently received a great deal of attention is ozone,
especially for d!llnftctln. dlluto..lov~tonprraturo T

vggtcvntogu@”&ma doo- not tor- toxic compounds in

wastewa ter. Bo'tvor. bccsuso of the unstable nature of ozone
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it cennot be stored and transported and con-aauently on-site

P
Pl
Pt

generation is necessary,

Diaper (1975) examined the pcrtorﬁance of ozone using
two ozone ‘contact ;61u-n- and venturi injectors for mixing
the geéondary effluent ;lth the ozone. He found that at a
ozone dose of about 6 mg/L substantial rodﬁctlona in”tgfsl

‘ + -
coliform and fecal coliform .ccur a

Singer and z1ll1i ( .. /5) @xgmined the ozonation of
ammonia in wastewater a:. ‘ound tiax 1? the wagtewster can
be maintained alkall- "pH 7. to 9) the process is effective,

In aﬁothor study, Wynn et al. (1973) examined tertiasry
treatment ot'vaafoiator with ozone in & nomiral 190 m3/d
pilot plant. The Nost Probable Numbers for_standard'platﬂ

_ . .
count, total col{form and Escoll were reduced to the
detection limit when preatreated we s tewa ter wae disln}ected
with ozéne.

Three recent studies (Cairﬁs 2t al:." 1977; Guirgule et
‘nl., 187S; ward ¢t al., 1977) reported difficulties wi+h
ozone wastewater treatment systoﬁs. Guirguls gxlnl. (1975)
found the application of ozone impractical at the Cleve'-nd
Wostorly,Was?evafer Tro;t-oqt Plant dﬁg to several c-
condltlpn- such as wide variation in influent par;ﬁc
non-domestic organic and lnoraanlcfmhtorla} coming througn
the pilot plant end the need to vary the dogagc‘tréguqnfly
to maintain optimum performances Tho report by 'ard gj gl.

(1977) noted that the dl-lntoctlon eapabllity o: ozon. ws-

often 11-1tod by an inadequate dosage ro-ultinz Iro- dcaicn

~

e
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limitations, mechanical feilures and operator inexperience.
Nebel gt ale. (1976) -u: gested the ranges of dosages for
vaqtevator treatment, prear~anved Ln Table II-%5, Ncgel 2% al.
(1973) reported that concontratiop-pi‘o.l_ng/L of ozone
required 0.8 minutes to achlieve 99,8% reducticn in bacteria
compared ko 250 minutes for the seme concenf;atlon of

chlorinee. Tgoy_ﬁ}?o showved that coliforms and pathﬁgnna are
reduced to Ievel; b?lov the legal requirements by czone
~dosages of 5~8 mg/L for secondary municipal effluents.

Kinman (1974) examined ozone disinfection of ditute

.

wastewater and found that tor 10 and 20% wastewa ter
dilutions and o6zone concontratlona‘sotween 2;10 and S.4§
mg/L, total bacteria were reduced by 99.6% and totsl

coliform were roduqed by 88.7% in one minute.,

Rose gt al. (1975) used Pgpeudomonas gg:ggLngna
compare chlorine and ozone as disinfectants. They fow.
ozone fo'bo much more ptt!clent in wat;r witt e chlorine

demand sych as ammonia.

-Soverai studies have been conduc ted or the ebility of
ozone to inact+iva te virusea,Aanumdar et ale (1574) repof%gd
on tre inactivation of poliovirus hy ozone 1ﬁ‘d1stllled

vater and pretreated secondary effluent at a concentration
* oo R

Ny

of 1 mg/L ozonee.

'Iatzoﬁcloon and Biedermann (1876) examined the
' . Y . ‘
destruction of poliovirus 1 in s filtered and frozen
secondary effluent. At an ozone residyal of 0.6 to 1.0 mg/L.

an 1nqct1§9¥10n ‘of -ori,f';PﬂBQ.Ql was achieveds

. -‘ ~
e L . -
. & o : %&a o

“o 3
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“f.‘ T pvegt ,3 ale (1814) found 100% ottlcloncy for
1n‘¢fl"\;on ot pz vlru- after § -1nuto- contact. jtime" 'lth
L

an °z°“‘ rtnldunt ot ‘0.015 me/Le In contn“.ﬁ 4 chlqﬁtn. E

3
,.‘ldull ot 9 -./L vlth 1s -lnuto- contact t%?c~'--
S n';oacbﬂb for 90% ro-Ovul. Lo - ~

N K . §'«w

L © ‘The cost of ozou. tro.tgg?t 11 onc of tte factors

v i ~
"

11"""". ;‘tn use, ‘Rosen st al. (1915) reported the energy
) ro‘d““"'!w'l tor or.oao m-écucttoa as 3.63 ltvhj por k- of ozone

u-}“" ‘ih PIM 1. 59 tvh ‘ver xg ot ozono for olr co-pn--!on

;(

- und ""7111‘0 Bflidu tho .o"pc‘tlon o ozone, evergy is

uai’-“"“ tql- -lxlu ozone in e q..tent.r. Anoth'
» - 1141’1“¢ {h- ise of ozono \e the. pctcntlul toxic
© ’ g AN 3 g .,

tho °P"\¢lng p‘ilonn.l. Ozonp iy

3‘ e . . . \
R "ttton et al. ‘1913’ ""»

; »
4. a PR
8

ey dldl"“Q\Qnt. Tuy Npcmod thet cv.u in high toncoatntlon-

’ o: o; 2 -utfor nnd ,lo' to-po?utun coad!ﬂou-. vnmtn ‘

o . M

cov‘d b. j}llﬂttcf.d by lime tﬂ..t.ont .to pB 11.5 or 12.b° “.&

vu:" & \;mtn oontw‘* u.o. ‘nuv nuao-tod .vcngo K uo'

;'"”   . of u"’ Qfo- 280 to 438 "L for reaw .omc end 430
B N 9 G .
nl" f“ ﬁcoﬂgry d(ftuontao lomor, funt-ont ut pi .

K
nupmu fl-i nr}o‘ .f Qayji thc
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v .
%}nilar rosult- vere reported by Brouzos et gL, 11974).

At éﬂ 11.5 the total colgtor- count- reduc tion. in “the' -

<«
[y : L

d&reutgenf we re approxi-ately 99 9981. The fecal -tr‘ptococcl
Ty Q ? -
e re more ttsl-t.nt sho'lna a rtductlon ot 98$o Poltovlru.

L

nype 1 virus shov'd 8 99.998l roductlon altﬂr onc bbur and

%

at the snd of 48 hour. a tot-& and co-plcte lnnctlv.tfon o!

the vlru. was opio?vod. Hovover. tho flnsl ot!luébt after

3 .
11no troat-qgf was toxlc to tbih, R.ductlon in toxlclty 'as-"

o

’

E détcd aff.r ‘pH adJu‘?&i&t to ncutrnltty cnd alr atrlpblng to

y “Q“’- S 4 - T &
Sk I X B . . e . A

re-ovc hlgh coz Iovot-. @?7' -~ EV;A,

b > . ° ! ‘
Slnco th. ptocos- of ngygtgzlf-ont 1: not dcpondonf on

- ):.4

teup!ratﬁre, l% -oc-l to b, pdrﬁéculurly -u!fod fo B &’

had L e g
- ‘ 6 ‘;
condlflonc in northern Canada ¥here sovtroly cola cllna*lc

~ & €
condi tions prévall duvlng"thc -a}or part of the year .

(Gorur,1975). Hovzf r thero are .l.OQ&lf’d prohlev-vof

'tranlport.tlon ;nd\&@orlng or the nesded ;hcnlcal- and also

t!nal d!apo.al ofﬂllno -ludao. _~' ey

-

Anothor tochnlquo tor dis}l ttctlon l- by phy-icul\

action on the coll. Tho-c lncludo the application of

ultrogiiblet 11.ht,*h-.t, qltrh-qn!c vlbrutlon'qnd rediaetion.

i

 The J utoction ‘of v;.fcuutgr with UV light is the most .

pro.l.!ng. It 1- n olnplo proe.litto opar.to. vith moet

bactdr!. boiul do.ctlvntod la -oqond- and thcrn 1- no dangor
. - \

10!’0vordb-do Onc -sJor drpvbnck to UV 1rr.dl¢tlon is hl:h

Y

}ialtiui e.alt&f l.ro-t-ontq ;4..- o: ov. pualatlon tc

Hfht% lt dodn aotaehtoqo tpo vt-to'ntcr chtr.ctcr!nflec e do

'_4‘,-, - . . -0
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i&vo jypbn, holding tank or honey bags which are trucked %o

. 189 ¢ GRB!'AIBi'PIODUCTION AND MANAGEMENT IN TKB NORTH
At present, the methods of wastewater collegklon and -

dispesal used in most northern communities are basically ot

.

6, Co. b - ' . '
’;lthor sevage Iugcon- or. dumps. Lack of tunds for -

~<./

convcntlonat vltor nnd,gravlty ‘sewer systems, and harsh

.
ctl-ntlc cond;tlon.. vlll nocolsltcto the . @nﬂ*lnuod use of

trucked -y-toun for many yours.'ptrtlcularly in the smallgr
-.ttto-.utl in por-gfro.t reglonse. B

. : u«nagpcihunlgéoc in the N.V.T. roly om buckot tollbts.

Thogf{clhtontt ln pln-tlc bsc. ¢ honoy-baas') are plckod up

yn:-tlﬁ-.- a wodk aaa Qrucked to du

Sono ho-o‘ igzlﬁrlér co--unltlo. use wa lush tollots”.

vhlch uro connactod to s storage tunk in the hono the

i ‘o - &

o

v cont.ntu of 'h!ch trc p«hpod out onco a voek to 'Y

- an oavlrou-oatct and publlc hoqlth -tqupolnt -uo"g -q*hcd )

more, dlluto than' contont- of 'honey-bags'. In -oit'ca-o-.

f.nk-trquc)uor-clly. Sther hou-ohold 1lqu!d vactos from

gltchon sinks, bathtub-, and lauhdry are al-o connoct.d to

thv hotdlna tank. Thorotoro. dn'nch from hold}ng tanks is

N
tho‘holdlnd~ttak v.-to 1-‘¢l.po.od ot d!reetly to lund. From

l- uado.!aablb.{ﬂ‘-A "',., o e

: ok “’pltﬁﬁt‘kw*ccptloa ot - ton tu-\cor eo-nunl.t.to-. -o-f do
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-contcnt soil. Also, bodies of -uffuce water create .an

B R
approclahlo pdrturbntlon in the ground thor-al rogln ln *

ce

é

pornaiéost areas, Iocdtng to -tructurayd&nd soep.zc“pfbﬁions
u \‘t
for tho contulnlng onbankuont-. The town of Baker Lnko in
N

o fho toovatin dl-trlct\ha: been prortsncing -uchébﬂbklé--

wt xg"‘" . . . . Q..‘-.
vith tho lagoon _ -y-ton. MM : o T - e el

v

vLcrgcr towns in the N.'aT. are now bnnotit?nag%ron tho

‘. >

advantugo- of p de w-tor and !ndoor ttulh toilcf.. Hovaver.
'5"«" ’ ’ - P -&‘v‘ hat S . .
btho -y-to- cannot bo buriod in nany nroa- for thoy vould SRR PRES « B

oithot\tr.‘z. yp or collapuc 1! th.;r heat nelted tﬁ%

- N

pcruafbo-t. Tho -olutiog fdr thl- problem haa been fh- use . .

-v"

. e o
- ot ﬁdor- vh“lch a.ro veathorproor box structurcn

&

contglning tho pﬂ?i;%tvlthln an in-ulnted intorlor, that are
p

an#alled above ground on plllna.. ber-l ot Ioas. Most-
L

-y-teno have rocirculat!na hoaf llno- to kvep the water anc

cog'r tine from trdozing. Inuvlk ha- such a system vhlch '

E

..

empties the wastewate lhto s lagoon tor froatnont. H&%ovqr.

-ton oupoclqlly for a --11

Ll

this !- an expansive

‘V

;-ot¢lo-cnt vhoro hou-o- are qult. -pre.d out, Ihl. -y-tl. of

': uultlplo pipes in F box npovoeur6und i% now being repl.ced

- »

by 1nd1v1du-11y ln-ulntod -h.llov burlod vottr ond sewer

plpo. in por-utront r..lon.. Above ¢round-tyit¢n. nro
oxpo-qld to oxtr -cc of to-pcntum. as well as accidental

K Ta "~ nv . &g » . 4 [y

“....'Q vmd.ul-"’tnd n‘ant ph’nlc.l b-nlo:-. that are

B ﬁmotloaally cnd Ip.thotletlly uadoslrnblo. lhcllov hurlod

,)

o8 p!.pq ,let.no bc” or. .m b’lnc uuuuu in. ltof-ca 'olln )

lo-oluto. onuthr. luun !nlot -ud Peo !.oo

C¥

. . - t . . ) . c . o'
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As shown {n <¢abl

[y

.III-I out o't approximetely 60 f )
nly 11 have plpcd -cvnnago qy.teua:q%i\

co--un!*! 8 in N.¥W.T.

honoy ‘bagse Bltven co--unl les use holdlng tanks for: ‘sewage

)

\

ﬂland pt du-b by uppéozl-.tol 24 cormunities. Nine
: Y Q ) e ‘
lnloon.. R _ ;.

R :'ﬂvaitcs. kit jon and Iqundry wasit water isw sposed ot by

'plpo d!roctty'ou!o tho ¢roond surrounding tha ‘house (Plaf.
'gﬂf;_ {ﬂlt l,% 'Lth p'opar‘drulnugo ‘and ground condltlon. tp;p‘f;f
<

e ‘ | _-y-to- -‘pht be \doqﬁ‘tc; lovdv.r. n&:t‘northern comaunl*let
._;;ﬁ,'iﬂ‘ck -uliabiz lol\ §on;lt1on.. Mos ¢t settlements cxporlonﬁb
o "drclnng.w%robIOQQ u: ipondﬁng l. pot uncommon - in thewe arnaa“
oy
~f(P1ifi'rII-2); Large ‘%: b@ovld- pkbroodina around for
‘no-quifoo- :nd bllﬁriilﬂﬁo_bl}'. uéﬁ ;ﬁowﬁ to be ucchanlcal !

T sy e
- v0ctor. for transaitting the dissase -hlaellonlso 81nca *

-

groyvntor diy contaln a lnr& indicator populutlon.

v

.u'.o-tlng the po.olbl. prt.cuc of pathouon.. pondlng of
ksroyv-tbr c-n ho a publtc ho.lfh ‘czord.VSo-Q publlc houlth
= Y .

ottlelcl. tool fhuf fh!- lroy'tf y contr!buio. fo the N ’

- - '

tltl.. .hlaoltoul-."

.

.nltrooathrlﬁlon oul-ouollunll ’ ctroptococcut -oro throu?u;'

.{'5T¥_IA)tad tubofcutcilb‘h.vb‘toca'co-noulrmreaor*od Ln con-ualtlo.g o
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Waste water pipe at the side of a house
: ~in Whale:Cove '

. Plate III-T
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period 1974 to.1978. Though ﬁo concrete eQidegce'exlstsvis
to the mode of tranamla;Ton’bf the above diéeasés;"greywﬁter
can be regarded as =a posslbleimode of traqggission for two
reaeons._Firétly,‘betoro winter freeze-up of greywater,
cﬁildren playlng in ponds cre;téd.by greywa%ér coglg\cpntact
dlseases. Sccondiy, the spring run o;f of previohsl} ;roge;
gfe&water can contaminate surface water supplies used for
'drinking pﬁrposes.

. Several studies have been reported b& Smith (1?54) on
effects of freezing and‘thawlng on microorgarismse. Various
experiments have demonstrated‘conplusively tﬁct a wide
‘variety of ﬁucterla and other microordanlhms could survive

. 4
cooljng and storage at very low temperatures in the frozen

’

state,bﬂowever, d1¥terent specl?s of bactérlu vary in thelir
sensltlvlfy to freeiing and thawinge. Eéﬁrd<(1940) found
§1112h2§5 to survive as long as 24 months at freezing *
fempératufesp Mirzoev (196?) pointed out that in areas with
prolonged wlnt;rs 1@eZey the Rusgian Arctic, the processes
of aoil self—-disinfection ure.slovéd down or.suépended. He
shoyéd th;t‘low Qemperatures (down to -459C) were ver}
tavgrable fop.the survlvallot dysentery ba;11~‘, wﬁich re
was able fé detect 135 days after it had been added +to fhe
soil.

Thué, if >a- ‘ogens were to survive freezing and
thgilng, drinking water for some communities may be f

\ :

‘contaminated after spring runoff, since most do not practl#e

. /
water {reatment. Rather they depend upon the use of a good



quality raw source. '
- , P .
Fte Franklin is an excellent example of a communi ty
P , . .

experiencing wastewater disposal problem ard submequently

A

drlnking water contamination. The topograpty of the site is
such that no matter vhe;e sewage = _ ‘scharged o dumped, ft
will eventually either direct? or “h:r >_ah surf;ce drainage 
~pollute the shore of Great‘Bge Lo.. ¢ )gnd.the settlement.
Since fﬁe 1§ko is the source éf we «vr supply, some fofm of
. Stewater treatment becomes a necossltyi The water supply
zc7gstem at present‘cpnslsté of tank-truck delivery to
1nd1vidua1 homeé. This water may be chiqrinated. (Heinke,

1974)
Other communities experience water cortamination to a

lesser degree, though the possibility of contemination ic

alwaycs presente.

A« CASE STUDY: WHALE-CQVE

Wh;le Cove is a small‘set;lenenf situated on the wvest
coagt ofJHudson Bay: lat.620909N, long;92°§SV, in the
digtrict of Keewatin. The population of the setflement igs
179, with a large ropulation of chlldrén as of September
1978. All the houses are ralsed about one an& e half feet
above the grcund by plllnﬁs or logs. Mos; communi ty
. residents depend on.tradltional subselistence hunting and
fishing for oxlstoncof Their dlotucohelsfe mainly of fish

(Arctic Char),y caribou and gsometimes whale blubbere. The

latter produces a high gr..se content in the wastewater from
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e W Lo ' T :
- kitchen sinks. Green vegetables and fruits a_e not available

moéfﬁdfvthe»ybar-

Water is a sc;rce commodity in Wha1;~Cove. It is
'delivered tﬁ;ee times a weegwby & truck from a small lake
180 m north of the settlement into 170 L plastic tanks at
each ﬂouse (Plateﬁlgt-3). This 1&#0 is degp nough to supPIJ
water all year round. ' v/

The limited water supply cre&tes a stimhlus to reduce
water uge, Coneequently, tho pattern of water usage and the"
volume of wastewater produ0ed différs &reatly from the homes
in the South, . Bathing in euch tamil& occurs once a weﬂk.
dishwaqhing approxlmately once a day and ladndry about ice
e week, Launder;ng of solled dianere leads tc & source of
faecal ma%;er in the g;eyvater producod.lReductlon of water
ugse also results in unusually high concentrations of various
congtituents in the wdstgwﬁfer. |

The collectién of dﬁJ@stic reéLse is probably the most
difficult phase of the solid waste problem ipn tt -~ Canadian
North and Whale Cove is no exception. Honey—bags,and Z2arbage

are collected and buried at an area 370 m northeest of the

settlement. In winter, they are sometimes dumped on the cen

v

ice. .
Domestic Eefuse is deposited in 170 L drume prior to
pick~-up. Human wastes, feces and)urlne, from bucket foliets
ere collected in plastic bags, te@. 'honey-bags', The
\householder removes the 'honey—bag' from the bucket toilet

and places the sealed bag in a 170 L drum( used eepecially

~
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Water truck filling at Take

Plate III-3
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for this ﬁurpose);ln :ront of his home “romr where they Qre
plcked-up twice a week by a tru-k. Sometlmés the bage are
left on thre grotmd’whore they ars broken by bfrﬁs, doés or
children and in the winter they tréeze to the ground maklng
collection a difficult taske In addition to these toile .
wagtes, housebcld Liquid vastes_genernfed from kitchen,
bathroom and taundry are disposed of by p;pe to tﬁe grohnd
sureoundfng}the house. §

Whale Cove, belng a very emall settlement, has a
SPa

nursing station with on%& & single nurse. The station
consigts of three trajiler units Joined together, ore urit lé
used‘as a clinic, on§ for storage of meteriels Aﬁd,the third
unit is used as nurse's resiierca. The nursce's livinpng
qu&rteré has‘a 950 L water- tank placed iIn *hé kitchen,
covéred up by kltchen counterss Urder an insuleted, raised
'floor in the batt room ls'lnstallnd a 950 L holding tank for

greywater, gsince here, too a bucket toiief is useds A plpe

leading from the helding tank constantly empties the

contents onto the surface of grourd below the trailer units,.

o .

Cénsta*t emptying of the céntentg of the tank tP *hf ground

is frequently replaced by perlpdic emptying 1n‘tte winter t§
prevent the pipe ou*iet from becoming tlocked by ice. g P
Pemoval ot hqldtng tank‘vastewater in thie manner”is

unpleasan*! frtionvenlent and difficult.

Sampl{ng of greywater was conducted meinly at tre
nurse's residence from the holding tanke. The retentinn time

of wastewater in the tank raﬁaed from 6 hours to 24 houres.
N i .

y

“
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At tge startldf the sampling program, plens were made to
estimate the volume of wastewater %foduhed from the
meagurement of volume of water u;od. FE.wever, access to

el ther fhe holding tank for greywater or to fhe water tank
was rot posslblé and the meter in thg water truck was
broken. Thus, the amount of water us;d at the nurse's
residence vas-estlmated to be about 1900 L a wéeg geince the

water tank was filled up approximately twice a weeke. Other

homes in the settlement used S10 L a week for an évcrage
family of five. Approxima“ely 15 L water wae used for

laundry, 8 L in the kitchen, 75 L  for bathing and 1 L for

hand and face washing,



the wastewater quantity and gquality originating from thess

well, aingle -grab sampleé were taken from £ homes in Whali

IVe GREYVWATER CHARACTERIS?ICS o
In crder tc study alternatives for the treatment and

disposal of individual household ve,satewaters effectively,

2

homes must be chua..cterlzed, Wastewater quali1y studies iere;

2cc‘ducted at the nurmse's residence in Whrale Cove} NeVeTe As

*

Cove. Eolding tank et?luent sampleg were taken from the tank
at‘the‘nuraing station during the period of August 21, 1078
to September 16, 978. The sdmpl?s were teseted for
concentrations of chemical and bacteriologlcallcontamlnants.
In addition, e me g;tyvatef ha;glea were cbtalned from a -
septic tank from a home equipped wit? a compést tol let in
Strathcona Couﬁt&. Alberta and charnﬁ{:rlzeW’for ctemical

and bacteriological pollutan. s. Purthe;\htéglce were

ebtained from a residence in Edmonton with mcdified

"plumbing. These were characterized during the period

February 26 - March 28, 1979. The sampling set up for the
source in Edmonton is presented in Fiuuravlv-ia and Figure

IV-lb.

‘Ae ANALYTICAL METHODS

Bacteriological Anakvals
Seamples were collected ;n a daily basis and‘
bacteriological analyees ;or; portormed on the same day.
Fach sample was analysed for total coliforms, fecal

cofyforms and fecal streptococcl using the membrane filter

86
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Bathroom Kitchen —aundry
Sink Sink Machine
.Vent
i
Sample
Reservoir
Vent
‘ |
Bath:jub Sample
an Reservoir
Shower \

Sampling set-up in Edmonton

Fig. Iv-Ia
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technique. Total qolltorms we re tpsted eccording to
5 . ) . _ o

Vprocedure‘outl;ned in methodvnuﬁbér O90%A (APEA,1S575) using
coméerclai LES Endo_Agar.'This med;g wvag pfepar@d‘by boiling
St g LES'Endo Agar in 1 L Klstflled water a o 20 mL ethgnol.
About 4 mL quantities were dlspénsed infg pre-sterilized
small ggtrl dishesﬁgihe standard method number 9G9C
(APHA:197S) was modi fied for the determination of fecal
coliforms. MFC agar media was prepared using S2 g commercial
MFC agar in 1 L distilled water containing 10 mL of 1%
rosolic aciéaln 0¢2 N sodium hydroxide. Agein 4 mL
quan.lties were disperised to pre-sterilizec emall petri
dishes.

Fecal streptogo¢c1 were analysed using the membrane
filter technique outlined in mefhos;number 910B (APHA,1975)
éxcept Entrococcus agar media was used rather thar KF
streotococcus agar medla.v42 & commericinal entrococ;us ager

i1
me&T&f}ns boiled in 1 L distilPled water end disrensed +o

small petri dishes.‘Entrococcus agar median was eesier and
more convenient to prepare than KF agar wedje under the
primitive and confined "léboratory" condi tlone available for
mlcrobloiogiéal work in wWhale Cove.{Both entrococcus and KF
agar media were used for samples from gtrathcona County
which were analysed In Edmonton. It was found that the
temperature at which 1% solution of
2,y34y5-triphenyltetrazolidyin chloride was added to KF ager

media had to be carefully kept between 50-60°C. No

appreciable difference in numbers of coloniee was notéd



e

‘Le - reen the two types ot;médla used for the same sample.
~ Membrane filter colonies are b&§t~c§untéd with a
magni fication of 10 to 15 diameters either with fhe use of a

oinoculér wide-field dissecting microscope or a small

.
2

fluorescent lamp . with e magni fier. EBowever, due to the
difficulties in tranaporting expensive Instruments to Whale
Cove, the coloi. ies were counted with neked eye. A microscope

. ) [
was used for counting colonies of samples cbhtained from the

%

In addition total bacterial counts were performed using

sources in Strathcona County and in Edmontone.
Y
method number 907 (APHA,1975) except that two incubation
: 5
procedures, one at 350C for 24 hours and the other at 20°0C
, o
for 48 hours were usede. S .:ce an incubator at 209C was not
available in Whale Cove the samples were set out on a bench’

top at room temperature which was approximately 180cC,

Total Creanlc Carcbon LIQQ.)

Sampl- “re preserved with 1 mL/L of concentrated

sulphuric ~1d .nd stored at 49C until tranenﬁrted back to

Edmontone Ultrasonlc disruption of the acldlfied sample was

adopted hefore analysis for TOC due to the nature of
- . : A
suspended solids in many of t:.e samples. TOC was determined

using a Beckman Model 915 Total Ca:ibon Adnlyser. me thod
number 505 (APHA,1975). Since the semples werelucldlfled,
inorganic carbon was not presehf and the total carbon

channel measured total organic carbone

Suspended Solids .

oo

Suspended solids analyses were performed using 2.1 cm



) s . : M o1
. ) » L ’
"gless Tiber filter disk and membrane f4lter apparatus

/

eccdrding to-method number 208D (APHA,1975). The sample size
L3 .
was decreaged from 100 mL as suggested in etanderd methods -g

to(SO mL due t4é high non-filtr-5le residue. Suépended‘éolyks

. J .
should be analyzed soon after sample collectione. However,
. o - X /

B

gince a balance was not available in Wha le Cove, samples
we re nreservediwlth 1 mL/L/sulphﬁ;ic acid and refrigerated

at 49C, prior to subsequent analysis in Edmoﬁton;

e
4

Phosphatas Analysis

Since a long holding time for esamples was required, the

-

samples were preserved with 40 mg HgC1l, pe} liter and
refrigerated at 09C until trangported to Eq$onton. The
'following methodé weqi tested for phosphate anal&sis:

1. Vanamolybdophosphoric acld, method number 425D.

-

( APHA,1275)
2. Ascorbic acid, method number 425F, (APHA,1975)
IS
3. Automated ascorbic acid, method number 606. (APHA,197%)

;
S

Vanamolybdophosphorlc acid method

Figure IV~-2 mhows the calibration curve for

.

phosphate between concentrations ct 2¢5-15 mg/L measured

at three qtfferent wavelengthe., Ag seen, meesurement at

E

wavelength of 470 n& is the moat sultable, since a

straight line graph is obtainede To test the accuracy of
the method, a 50 mL sample of greywater contalning 9.0

mg/L PO,-P was mpiked with 0.1219¢g standard Potassium

s
/

18
LY

2%
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N | ' Calibration Curve for Phospho}'us Determination using
) Vanamo‘ryb_dopho_sphoric- Acid Method
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dihydrogen phoebha 29y leee 556 mg/L PC4-Pe The epiked
aanélo was foﬁnd to contain 525 mg/L P0¢—ﬁ£g1vlng a
recovery dff94i.

To teet the effect of preserving the sample; the
‘jsample‘w§§ sﬁlkéd and prese?ved for 5 deayse. Azalnrfhe
9454?0.3P.waa recovered ehqvinﬁ preservation of é@mple
had no effect on the ana}ysls. - . | ¥

Since the vananolybgbpkosphor;c aéidjmethbd does

not detect ?04-P below 1 mg/L, this me thod was

abandoned. »

Ascorblic acid method

"

The minimum detectable concentration by this method
is approximately 10 mlcrdgram P/L. Nercury chloride;

used as a preser?atlve. interferes when the chloride £

level of the sample 1s low (<50 mgCl/L)e This

intérference is overcome by spiking semplc with a

\

min’ -~ of S50 mg/L of sodium chlorides. (Us.S. EPA, 1976)
To amcer ain thias interference two __"ibration curves

we: 3 preiarede One set of standard: -~ ntaiped O¢l mL of

€ g/L "~-lay while the other £et of stendards weas

prepared without HgCl,. As shown in Flgure IV-3, HgaCl,
causes positive interference.
The pﬁpcgduro’followed was the one outlined in

i.tﬁgd 425F (APHA,1975) with the following ctranges.

The semple volume was reduced to 10 mL from 50 mL
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Calibration Curve for Phosphorus Detemmination using

Ascorbic Acid Method

P

—
0.500

Conc. P(mg/L)

Fig. 1v-3

1.000
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80 that 25 mL test-tubes could be used as reaction
veegol. This reduction required 1;6 ml mixed reagent.
D¢l mL of 1. S.g/t NaCl éoluflon va? added to t;e 10 mL
sample, to ﬁvercome thb interference.

For the determination of total phosphate, the
sample i#s digested using 0.5 mL 5 N sulphuric acld and
_0.2 € ammonium persulfate in e 25 mlL sample. Thre
solution w;s heated in_a pressure cooker at 1.03 X 10S
Pa for 30 minutes, cooled and neutralized with 1 N NaOH
prior to determination of conceﬁtratlon of PO4-P by the
ascorbic acid methode.

As shown in Figure IV-4, the recovery of phoenhate
was low showing that the digestion‘procedure was oot
effective. The reasgson for thie behaviour is not known.
Since an Ortho~PO, standard was used, khe PO4 did not
requl re digestion. It was decided to use a hore Flgorous
digestion procedures To 25 mL sample 0.1 mL Héclz, 0.1
mL NaCl, 0.5 mL 11 N HpSO, and 0.2 g ammonium
persﬁlphato were added and th? serple digested., Figure
IV-5 shows a good recovery of POsy at the same time
showing that the effect of HAgCl, tas been eliminated by
the a;idltlon of NaCl.

Howevér, in a similar test conducted roltowlng the
test above, turbldityvln sanp{ee was obsfrved after
’nouirallzatlon but prior to gdd}tion of mixed reagent,
Ellmln;*ion otvthe neutralization step produced the

resul ts shown in figure IV-6. Unneutralized samples
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Effect of Digestion of Sample on Calibration Curve
for Phosphorus

L o
T
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0.000 0.260 - 0.500 0.780 1.000
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Effect of Sodium Chloride additgon on Calibration
Curve for Phosphorus

] + + ————
° L
':" -+
(=]
@4 N <+
Q
';- L
o
- 4
o /
+Hg +Digestion

] ‘ +NaCl |
-]
o
3 1
-d
. -
o
q
° 1 4 Ll LS L) T ¥ L

0.000 0.280 0.800 0.779 1.000

Conc. P(mg/L)

Fig. IV-5. ~
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Effect of Neutralization of Sample on Calibration

Curve for Phosphorus
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Fig. IV-6
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produced lower resultms, though a streight line
callbration curve was ob ﬂJﬂde Only higtr conéentfatlone
of PO4y showed the turbidity effect for samples -
neutralized with NaOH. To overcome the above effect,
potassium persulphate instead of emnonlumpﬁersulphate
was used in the digestion procedure. The turbidity was
r{movdd and a linear calibration curve up to a PO,
concentration of 0.25 mg P/L was obteined (Fig.IV-7).

All the freywater samples were diluted to cktain an

absorbance measurement in the linear range.

¢

Automated techniqﬁ;

The samples were also analgsed using an autometed
technique for phosphate according to method number 606
(APBA,19785) uslﬂq the Technicon AutoAnalyzer JII system
with the addition of S0 mg/L NaCl. To check that tre_
method was sultable for the samples concerned, a sample
was gpliked with four different concentretions of

‘indard potassium dihydrogen phosphate (0.1, 0.2, 0.3,

‘@/L)e The mean % recovery of the 4 test

trat.on wes found to be 85%. The results were
to the results obtalined by manual Ascorbic acid
L i%s .ore, ‘he automated ascorbic acid method
*tl thr samples analyzed in thie project.

50 € oJ - Y "I . ®a

N{ ratw © 7 T leu ¢ determination receume of the
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Effect of Potassium Persulfate on Calibrhtion Curve
for Phosphorus

-+

Abs .

L R4
0.500 0.780 . 1.000

Conc. P(mg/L)

T
0.000 6.280

Fig. Iv-7
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high probability ?hat-lnter:orlnz constituents will be

present particularly In domestic wastewater samples.

Brucine method
Brucine method number 419D (APHA,1975) was found to
be unsulfnble for determining NO3~-N in greywater
eaemplea, The calibration curve wes not linear as shown
in Filgure IV-8: Almso, spiking the sgmples wi th stan:xrd'f

potassium nitrate gave a recovery of only 43%,

Cédmium reduction method

Cadmium reduction method number 418C (APHA, 137%5)
was examined for determination of NO3-N for greywater
samples. This method was adonted with the recuctlion of
sample  ze to 10 mlL which regquired 0.2 mlL of
sulfanilamide solution and 0.2 mlL
i-naphthyl-et+hylenediamine gsolution for coler
developments The NO»-N and NO3z~N calibration curves are
shown in Figures IV-9 and IV-10 respectively.

The samples from WYhale Cove were preserved with 40
mg/L HgCl, and filtered with acid washed 0«45 micrometer
millipore filter paper. The samples obtained from the
greywater sepitic tank from the home in Strathcona County
were analysed on the rane &ny. However, difficultlies

were encountered in the reduction by the cadmium columne.
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Calibration Curve for Nitrate Determination

using Brucine Method

Fig. Iv-8

102



Abs .

103

Calibration Curve for Nitrite Détermination
using Cadmium Reduction Method
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Calibration Curve for Nitrate Determination
using Cadmium Reduction Method
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Q
The efficiency of the ‘cadmium column dropped drastically
after passing about three samples through the column.

Adjusting the pH of samples did not solwve this problems

- Avajlable ' "me did not permit =a thorough Investigation

‘0f the difficultie- encountered with manual cadmium
. 7

reduction method,. 'hus, the me thod was ubandone% for
eutomatgb\gggﬁlum method number 605. (APHA,1975) By this

method the cadmium column efficiency wes not affected by
the asamples. However, only a negligible amount of NOa -~
wag present In greywater samples. Therefore nitrates

A

were not detJEted since the lower detection limit of the

method is N5 mg/L. To verify that negligible mmounts of .

%

NO3-N were present In the greywater samples; the methot
was tegted by spiking 2 samonles. For both samples, 100%
recoveary was noted ~ . 0«3 and 0.4 mg/L spiking
concentrations were - e The aboye refults show that
there are no Iinterferences present in the sm=ample that
. _ N
would make the method unsuitable for determining NO3z~¥N -
in greywater. All the samples were anaiysed for NOz~N
ﬁsing'the automated cadmium reducticn method., With +he
exception of one samplé frqm Vhale Cévg (OoS.mg/L
NO3~N), none ot the samples showed eny detectable amoun{
of NO3—N«. This sample was taken from leundry washwater

from a famlly of 5, two adults and 3 crildren of ages

121 3 and 20

Ammenia Analysig

Ammonia-ni trogen was determ(ned by automated phenate

¥
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.

method using the AutoAnalyzer It system.'rhe mefhod adopted

»

wasg the one issued by Technlcon Industrial systems and ls”
provided in the Appendix.

& )
The samples from WhalefCove were preserved with 1 mL/L

/
-

. ) : '
concentrated sulphuric aclde The samples from Edmonton were

N
!

refrigerated at 00C and analyses on these samples were
performed on a weekly basig; To 5emove,color in the samples,

25 mL portions of sampleé were digtilled using borate buffer

solution and collected in sulphuric acid,.

o

s

Nine greywafer samples from Edmonfoﬁ were analyzed
using the acidimetric method number-418D (APHA.19751- In

most of the semples, ammonia was no+ detected, showing-thut
. ) g .
1f any NH3 was present, 1t wasg present in very low‘amounts

(bnlow 065 mg/L)e. Concentratlon values of Helow 0.5 mg/L

\

were obtained fPOm the automated phenate method. Thus

splklng experiments were not performed for NH3~N andlysec,

v

Tetal Kleldahl Nitrogen Analvals

| TKN was determined according to the procedure oqt}inedﬂ
in method number: 421 ( APHA, 1975) fﬁllowed by fltvlmeffié
“de;ectlon odtiined in meth.. < 18D (APHA,1975). A 250 mL.
saénle was digested tbr_two and a half tourse. The digestion
time was kept corstant for samples and blanke,. Spiking
experlmentq were not performed to determlne the Su!tabllity
of thls method.

The analysls'wns performed on a daily besis on fresh

samples obtaired from the home in Edmonton;

Y
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B. RESULTS , .

The data generated trdi the project ere iisted in the
appendix in:- tables A1-A3, Th; plots of pollutant pﬁrameters
with respect o? time fa;i to indicate any obvious syetematic
variation (Filgures IY—ll to IV—27). If thie isgs so, then thg
fluctuations are random and e normalidlstrlbutlon may aéply.
However, for ;11 tbe parameters examined, plots of
cumulative probabiljty'versue concentratloﬁ (Figse. Al-Al6),
demonstrated that the data do not follow a normal
distribution. The dufa igs found to possibiy follew a fog
normal distribution. A Kolmogorov-Smirmov, goodnese of fif

[t

test was performed to ascertaih the null hypotheseis fhaﬁ the
deta follows a log normai distribution, S@nce, for most of
the parametérs fhe‘qbserv?d D is less th;q the cr}tical
value at a gignificant level of 20% ( tables IV=-4 and IV-F)
we do not have sufficient evidence fo warrant rejection of
the null hypothesis and a log normal distribution was
appropriate. |

For a log normatl distributlon; the geométric mean is
the most ottlcignt estimator for measuring ¥he central value
©f the distribution. Tables IV-1 to IV-5 stow the geometric
meaﬁa, Qnd standard dovlg%lonq‘for the three gsetg of dstae.

From the Figures A17.to A32, it is clear that, normally
e large scatter in the values derived from chemical and
bacteriologicdal analyses must be expec ted. 0

In roufihe bacteriological analysis, a considereble

spread in results must be expected. In eddition, one could
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Total Coliform Analysis: Whale Cove
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Whale Cove

Fecal Coliform Analysis:
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Fecal Strep.‘Analysis:

Whale Cove
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Whale Cove

T0C Analysis:
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Whale Cove

S. Solids Analysis:

rvVvT 17T ¥ —-d-dqu A ,—‘d-udd

‘AAd‘J LR

4

W
-
w\f

) S G | 1 —--F —b--n-

40

- &

» . z . w ’. w

"
(=] o
-

(1/6w)sptios -

Fig. IV-I5



T-P0, (mg p/L)

102

10!

100

T-P0O, Analysis: Whale Cove
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O-P04 ‘nalysis: Whale Ccve
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Whale Cove

Ammonia Analysis:

T7TrrTr T 1 —dﬁuddu Lf 1 —daq-d

¥ ] —-q«h- T T L w

]
+
b 4

-
4 wm_m.
-+ Tw
<+ . *u
b S
-4 2 F.
N T‘

{

13431 1 4 1 _-bb..» 1 1 _-h.-. 1 1 —-_-- i 1 ‘0
w ™~ o ~ w ~ w ~ -

e ™ .
~ - o [} !
(o} o o o o
—t — -— — el

(/N Bu)etuouny

Iv-18

Fig.



116

Whale Cove

Nitrate Analysis:
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Total Coliform Analysis: Edmonton
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Fecal Coliforms(#/1006mL)

108

107

108

108

104

Fecal Coliform Analysis: Edmonton
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Fecal Strep.(#/100mL)
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Edmonton

TOC Analysis:
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S. S Tids Analysis: Edmonton
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T'PO4 (mg P/L)
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T-P04 Analysis: Edmonton
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O"P04 (mg P/L)

10!t

100

10-!

10-2

10-3

O—PO4 Analysis: Edmonton
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Ammonia(mg MN/L)

Ammonia Analysis: Edmonton
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TABLE -2 '

Grey Mater Characteristics ¢f Winter Samples from
Strathcona County: Jan. 1€ to Jan. 24, 1979

log. std. Geom. mean Geom. mean

Parameter Geom. mean deviation + 1 s.d. - 1 s.d.

Total coli 1.5 x 107 0.8 - 7.0x 10 1.4 x 106

Fecal coli . 1.8 x 108 0.40 5.1 X 108 7.9 X 10°
Fecal strep 1.2 x 10° 1.44 3.5 x 10 4.6 X 10
TOC (mg/L) N2y 0.24 173 57
S. Solids (mg/L)  247.3 0.32 52,2 120.2
'/T-PO4 (mg/L) 3.58 ©0.14 4.84 2.57
0-PC, (mg/L) 3.20 ©0.12 4.2 , 2.40
NHy (mg/L) 0.06 %5 0.28 0.01

Total coliforms, Fecal coliforms, & Fecal strep. measured as # per 100mL .
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expect a very great variation in the degree cof pollutant
loading in the greywater, This varlation ir concentratiornr
would seem to be sufficlent to explain the very great spread
which isa characteristic of the analysis values of coliforms.
Olsson at al (1968), suggested that the bacterial
contribution from the laundry water wes of little importance
wainly because of the presence of bactericidal constituents
in detergents and because of the relative hight temperatures
used for the majority of waahing cycles., However, one sample
from Wrale Cove that conslsfed entirely of lsundry washwater
showed a high concentration of phosphates ss well as high

concentr=atl.: -f c~. ®orwa, If crliforms survive in the

laundry ~as . ‘¢ taers e o grecter‘bossibility for
viruges “¢ su e ~LaCce 1. Yy are more resistant to
diginfretior t° & ¢ liforans. Based upﬁa a gstetistical

analyals 0f tre reasured perametarsg, the dalspersmions about
the meen values were found to he large as evldenc;d by large
standard deviations and vide rangeg. For exarple, the mean
vslue for total phosphorus based on 30 samples wag 9.2 mg/L
with & log standard devliation of 0.35 mg/L for tre met of
data from Whale Cove and 2.08 mg/L with a log standard
deviation of 0.78 mg/L for the data from F:imonton. One
extreme value was roted furubhosphate anﬁlysis. No error in
ancslysis was found for this mample. Upon lnvestigating the
source of the sample, (it was fouc 1.t the memple contelned
laundry vuéhvat.v onlys Simfilarly. . PO.-and NHz show large

standard deviations for both smets of datas But this is as
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expected in light of the variations in ¢ay.to day kablts at
a given home and.the variations in the wastewater guality
produced by the 1nd1v1du;1 household eventse.

In érder to Justifty using arexwﬁte;'samplea from
Edmonton for treatability experlmen;;j trtests were
performed for all the parametrers to defermlne.whefher
slgnificant difference exlisted between the sampleq from
Edmonton.and samples from Whale Cove. The results,ure
provided in table 1V-6,

A summary of water use gurvey is presented in Figure
IV-28 showing the total dally water usuage in a famil; of
three. The amount of greywater proanced is assumed to be
equal to?fhe amount of water used in the house excluding ttre
ahount of water usgd in tollet flushinge.

The_amount~qf water used, hence the awount of gréyQatér
produced can have two effects on the corceptration of
pollutent burameters. 01 the one hand, the greater the
amount of water used, the larger the dilution aveileble snd
hence concentrations might be expected to Jdecreese
Qccordingly. On the other hand, the greater amouﬁ; of water
us;d may be indicative of dirty household event discharges,

3

which may cause an increase in concentrdtion along with an

increase in wastewater produced;
Hovtvor, analyses of water use data and concentrations
of pollution pareameters show no correlation at all, for the

Edmonton samples. (Figs. A33-A40 and table 1IV~7),

In general, the results from this stucy compare
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Usage(L/c/d)
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Daily Water Usage: Edmonton
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TABLE IV-7 -

Correlation C@efficienthnaEQsis

- between water use & parameter

Parameter Correlation
Coefficient.

Total coliforms.
‘Feéa] co1iforhs
. ~ Fecal strep.
- roc
S. solids
T—PO4

‘NH

3N

RS

- r

0. 168,

0.247 .,
0.392
0.052

~0.042
¢. 057

3 11
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favorebly with those of marlier lnvostlgafors. Tre major

‘departure from uata in the literature is with regard to

‘chemical characferistlcs of greyvator froum Whale Cove. A

substantially higher concentration of some chemical

pollutants hae been found than reported by other
investigators. This di fference is expected due to the

reduced water usage in the homes 1}'Whale Cove.

Ce DLSCUSSION
Relatively high concentrations of fecel and total

collfprns organisms were obmerved in the greyweater., The : %?
average concentration of fecal coliform organisms wes as
—

high as 2.0 X 10%/100 mL (tableIV-4). Results of \/
. . ) \
bacteriological analyses of samples from Wrale Cove &pd from

Strathcona County indicate the same order of magnitude, thus

altowlngitho use of greywater from the South tc be used' in

P

tr.af.gnt experiments for greywater. However, due’ to

sanpling;problens, the slteﬂln Strathcona County wes

v -

’ nbanqoﬁdd'and the sanpling for treatability experiments wesg

carried out in a home in Edmonton. Tﬂ; concentration of
total coliforms from these samples were higher ﬁy a factor
of 103 than the samples from Whale Cove. The t-test

con i rmed th-bfcault that the mean ;aluc; of total colifc. s.

are .1¢n;tlccntl} different for the two sets of data. The

result was téund to be mignificant at 0.2% level, therefore

tp. dltf‘ronc._l-'hlxhly significant. The reason for such

high concentrations, is the ability of the total coliforam
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organ{sqs to grow abundantly in the sampling bottles
installed in the bamement where the temperature was about
20°C..For the rest of the parameters except PO,~-P and NH3z-N,
the t-test showed no significant (5%) difference between
samples from Fdmonton and samples from 'hale Covee.

As the results ot bacteriolosical analyses denonsfrate,”
a wide range of indicator orgaglsms can be expected 1in tte
raw bath and laundry wastewaters, The levels are'sutflclent
to indicate a pofentlal fof fecal conteamination ;f the bath
and laundry wastewat;re, which could in turn result in
pathogenic contanlngtlon of these wastewaters. Communicable
d%seases can be transmitted ﬁy the pafhégenlc orgenisms in
the wastewater,

In understanding the‘signlflcance'of the date prgqenfed

here, it must be made clear that no members of the 3 groups

of 1nd1q5ror organisms are normally pathogenic f(r adult

"humans. Their slgnificance lies Iin the fact that, {f trey

‘&¢c presenf,Lothor fecal-borne pathogentc bacteria

(Salmonella, Shigella,y etcs) or viruses(polio etc.) could

also be present.

Chemical charapteristics do not show good correlatloq
between sampleg frow Whale Cove ard Alberta. The
concentrations hosphorus, ?nd anmoﬁla nitroge:. re
h’ghor'in samples from Whale Cove than in samples from

i verta. This variation in wastewater quality is as expec ted

vased on the reduced water usage, in most communities in the

NeWeTe The wamtewater produced are far more concentrated
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than the wastewater produced in Alberta.

The important contaminants of ~oncern in wastewater are

au-peﬁded solids, biodegradable organi- . rathogens and
nutrients. Suspended solids can lead to the development of
sludge deposits and anaerobic condi tions when untreated
wastewater is discharged to the aguatic environment, Little
;s known about the effects that these suspended solids may
have on +he health of those who drink water thet contains
them, Nevertheless, 1t s possible that they mey 1;direct1
affect the quality of drinking yato?jbecauso bacteria eand
viruses from greywater can adsor o the suspended
particles. By such means these materials may serve to
concentrate, transport and protect bacteria and viruges. As'
seen from the results mean suspended eol!/s concentration ls
found to be 224 mg/L ( table IV-4), which 1; ebove the
recomm- ~“ded limit of 15~30 mg/L in Alberta. Although tﬁlg
limit is for surface yator discharge, it gives an indication
of the d‘ﬂr.; of poylutfon in the groywatﬁr vhlch could
affect disinfection of this areyvat;r. | .- k
In a wastewater of medium strength, about 75% of
suspended soll#a are organic in nature (Metcalf £ Eddy,
1979). Organic compounds are pflncipally composed of

A

proteins, carbohydrates, fats and oile, All<6f§hn1c«.uﬁb,

ey A

substances contaln carbon. Geometric mean of the organlic

4

content of greywater tested here as determined by TOC

-

: ¥
analysis is 210 mg/L. The recommended limit for sewage

effluent discharge being | nmg/L. If thls greywater is

{

.5
FAECI
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discharged to the environment untreated, extremely foul
odors are apt to be oroduced by the decomposition of
protelins and fhe'-lcroblal population would temporarily
increase using protein and carbohydrates as riutrient source.
Hendricks (1971) demonstrated that Sh'gella Ilexnerl and a
Salmonella sSps. - .re capable of metabolising organic
nutrients adsorbed to river sedlmgnt. Thue orgeric metter on
the surface of tﬁo s0oll could act as a rnutrient source for
these organisms,.

Concentration of inorganic substances suct as nitrogen

end phosphorus can alaso affect the environment, particularly

.
”

it ttese constituents of wastewater ere added to surface
waters. Both nitrogen and phosphorus are essential to the
growth of protist+a and plants. Aithough amounts of nltrogen
present in greywater as NO3 and NH3 were found to be belév
recommended level,(NH; standard value is 10 -20 mg/L
(Alberta‘Environmonf, 1977), phosphorus was'preagnt in very
high concentrations. Phosphorus must be removed from
greywater before the wastewater rea%%es surface waters, to
prevent hoxlous algal blooms in surf-c. w. ers. The presence
of algae affects the value of the water 4 : water suppiy
beéau-e they often cause taste'and odc: yroblems. Marginatl
amounts ot chlorino-.nough for disinfection but not enough
for oxidation, may intensify plankton odors and tastesn.

Ma jor algal afovth- c;n also affect fish l!te in lakes.

-
In freahly polluted waters, most of tre nitrogen is

W

s, —~ :
originelly present in the form of organic(protein) nitrogen
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and ammonia. As time progresses, the organic nitrogen i=
gradually converted to ammonia nitrogen and later on, it
eerobic conditions ;rc present, oxidation of ammonia to
nitrites and nitrates occurs. As enticipated, the
concentrations of ammonia nitrogen and nitrate nitrogen were
quite low for samples from Edmonton alnco*analysee were

per formed shortly after collection of samples, Sampies fron
Vhale Cove contained high ayounts of NH3~N pecmssibly due to

8 ome oxldatipn of organic N, even though the samples were
preserved prior to unaiysls. Nitrogen would te available
from this greywater for algal and microbial growthe. Even in
sanmples with low amounts of NOa3~N and NH3-N, es high as 14.5
mg/L Kjeldahl nitrogen was de tected.

This characterization is based on a reletively limited
basla'of 2é—32 samples ddrlng a comparatively short period
of the year. In view of the great varjationrs in
concentration mentioned previously, it is=s, naturally
doubtful whethar the mean values calculated ere really
representative of the wastewater from the households anc can
be accorded a certain general jalldity. The valﬁes of moest
parame ters é;lculatcd on the basie of this study lie with!n
previously reported limits by other lnveiflgators. Even if a
certain amount of ceution is Jjustified as far es the figures
are concerned, it would seem, never theless, thaf one could,
with some certainty, rely on the ordof- of -a.nitudo vhlch
have been obt.lnqd from the analy-o-.‘

S > ,
From the results obtained it {s evident that special’
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attention must be pald to the gRreywater, since it carries a
large pollutional load. This means that even when black °
water is eliminated this does not guarantee that the *

remaining greywater can be discharged without special

treatment.



Ve TREATABILITY EXPEEKIMENTS
The goals of greywater treatment are killing ot
dimsease-causing microorgani sms, removel of hn;nful chemical
substance and disagreeable colors and odore, and removal of
solidae. The following criteria were taken i{into consideration
when proposgsing *“ruvatment processes th&f cculd be
{incorporated lnfo an indiv.dual touseholcd:
1. the_effluep% quali ty procduced;
Za the varlability in effluent q;ality:
3. the\minlmizatlon of operational and meintenance
probleméf .
4. the e~onomic feasibility with respect to instaltation,
operation and maintenance; and
.S. the total annual costs.
Considering the soil limitations, intermittert sand
'tlltratlon 0of greywater was investigmted asg an alternative
to subsurface disposal of household wastews ter treatment, It
wag mpeculated that a substantial improvement in wastewater
quality could be attained such that send filltered effluent
could be disinfected and dis~harged to surfa@? waters,. ,
From the information obtained from a literature survey
on sand filt~ation, a bench scale treatment unit was
designed; constructed and analyzed in order to evaluate the
offlcloncy of filtration in treating greywater. Plate V-1
{llustra tes the a}ba;atus used {in treatment process and the

arrangement of the processes, The study eveluated six

wastewaters, the greywatesr influent, the sand filtered

141
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Filter Column

Plate v-]
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effluent, 3 chlorine disinfec ted effluent eamples, and a

lime disinfected effluent.

A. METHODOLOGY

Deaign of Ireatmant Svatem

Two P¥C columns of i{nside diameter 36 cm end length 1.2
m were flllid with 61 cm of mand (approximate effective size
of 04 mm) overlying 15 cm of suoporting pea gravel., Ar
underdraifi of coarse &ravel was olac;d bereath the pea
gravel layver to distribute the flow over the surface area of
the column during backwashing operations. Another layer ot
coarme gravel was placed ab;vo the leyer of sand to
distribute the flow of Ereywa ter over‘the surfece of the
column. The surface area of the filter was eetabliched 80
that the average dally loading rate was approximatelf 20
mL/d/cm?, The distribution Bystem consisted of a silicon
rubber tubing S mm in diameter, leading from tre vesgsel
containing influent qrey:ntor to the sand filter vie a pump
regulated flow. The collection system of the gand ff{lter
conslisted of a S cm plastic Pipe at the bottom of the filter

3

column leading to a collection vessel.
Qoeration

Only one f1il ter columﬁxvaa used during operation of the
filter system. The second column acted as a standby unit to
be used if the column in service became clogged with molids
or required other -clnt.nan¢o} A preliminary study was

conducted froa January 16y 1979 to January 24, 1879.
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Greywater from the sopt;c tank in Strathcona County was
avplied to the sand tllte} da;ly; 11¢6 L of wastewater
passed through the fil ter everyday over & =pen of 15 hours.
This produced a hydraulic loading of 18 mL/d/cm?.

Vithin 5 days water was leaking from the edge of the
bottom surface of the coiumn due to the welght of the sand
in the column. The second column was put into operation with
about S.lncm-voodon blocks at the bottom of the column as an
additional support, No further problems were noted in +the
operation of the filter column. This filter was operated for
a period of 4 weeks. (February 26/79 to Marct 29/79.) The
sand filter was to be operated until pondirg above the sand
occurred and reached the height of about 20 cm. However,
during the period of operation (30 days)y, ponding did r.ot
occure.

Due to the remoteness of the site in N.W.T. and _
assocliated transportation probleme, treatment atugieb were
performed using greywater from a Fome in Edmontone
Vastewater was collected from a pipe connecting the kitcher
sink, bathtub and washing>nach1nen. Since creyvuterivas
‘runnlng through the sampling bottles during the flne
;ntorval- be tween sampling, the coup&.if“ samples were
considered am representative. Samples were obtédned eve:y
day and applied to the sand filter. The effluent from tts
filter was collected in a 20 L container.

Socon after collection, the effluent wes disinfected
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with three Jdifferent concentrations of chlorine solution.
Three 500 mL a'lguots of effluent were dosed with 5, 10 and

1S mL of chleorine solution and mixed on 8 rixing machine at

high speed for 30 minutes, after which residual chlorine

analysr u~ortormed. The chlorine solution was prepared
7smat§1y 0.5 g of commercial domestic

grayg ; ; ?7chlorinq concentrate to 1 L of ;afer. This
aoiu;Lon.v€? titr;f0d Lith 0.025N sodium thiosulphate givicg
a cﬁlorin@ conéontration of 313.82 mm/L.

To determine "breakp"nt"bchlorlnatlon. several
conceﬁtﬂafigna of chloﬁino were added to a sample and
rosidu;l chlorine measured at those concentratlionms. The
rogults are presented in figure V-1, Breakpoint chlorination
was achieved at a chlorine dosago of about 3 mg/L. The three
ctlorine dosages used in this study were calculated to, be 3,
6 and 8 ng/L. )

Similarly, agother S00 mL aliquot of effluert was dosed
with 2 mL of lime -}urry.‘contalnina S parts of tolled
deio;lzed water and 1 part of quicklime #o0 that each ol
contalned nearly 0.2 g of lime. Contact time for lire
disinfection was ﬁo'ninntc-. Thli lime donmage Qt 800 ma/.
increased the pH of the effluent to 12,

Totai cblltor-u,’tochl cqllforb- and fecal smtreptococcl
analyses wers performed dglly on all six sﬁ;pl;a.,(lco-
lntluont aroyvixgrq sand filtered effluent, 3 chlorine

dl-lnfoctod otfluont 's-plon and the lime disinfected

sample) as dp.crlbod in chnptor IV under snalytical methods.
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Plot of Residual Chlorine versus chlorine dosage

demonstrating breakpoint phenomenon
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Before bacterial analyses on chlorinated samples, 0.5 mL of

100 g/L of sodium sulphite solution was edded to SO0 mL of

=ample to inactivate the residual chlorine. Sodium éulphlte

golution waa prepared dailyvand'gterilized'by boilina.

pH‘of the,;amplos were measured and Quepended solide
dnalyses were performed daily on 1nf1u§nt and sand filtered
effluent sanp leg, Testlng,forf}otal and ortho-phosptie tes,
QmmOnid aﬁd nitrate nltrogeh and total organic carbon was
(¢c0mpllshed aﬁout evefy éeveﬁfh,day a;cording tO'prOCedu;és

N

described in chapter IV under analytical metrods. Prlq?ﬁto
N el - -

>

the chemical analyses, the samples were r€frlgera+ed below

T,

&

09C. For TOC analysea, the samples were firet acidified with
a few drops of 1:1 hydrochloric acid. The sapples were

filtered for NO3-N analyses. Residual chlorJne wes measured
/

/
li

uélng lodometric method number 408A (APHA,1975),

Be. RESULTS

The eftficiency of treating the greywater with a sand
filter is summarized i{n table V-1, The Pumber of semples
tested and the range of contaminant concentrations are also
shown;,Aa shown in table V-1, sand filtration produces e D.
fairly high quality effluent, containing low concentrations
of cheﬁlcal/physigal pollutants and indicator bacteria.
Anali-oa of selected chemical/physical Parameters on dally
aampies otiot!lﬁont from the sand-tlltép demonstrated
slgnifticant reductions qt'TOC. suspended sollds' total

phdsphorus and Indicator organisms with mean effluent
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TABLE V-1
Effluent Quality Data: Feb. 26 to March 29, 1979
.4
Number of Co - ’
Parameter Samples - Influent Effluent % Removal
Total coliforms ‘ 9 o 5
(# per 100mL) 29 1.1 X 10 2.6 X0 99,7
Fecal coliforms | 5 _ 3
(# per 100mL) 29 20X 1y 3.4 X 10 99.8
Fecal'strep. 3 , 5
(# per 100mL) 29 3.4 X 10° 1.2 X 10 96.4
TOC (mg/L) 29 142 34 76.2
S. solids (mg/L) 29 116 4.24 96
T-PO, (mg/L) 28 2.08 0.3 85
0-PO, (mg/L) 20 0.17. . 0.25 -47
NH, (mg/L) 21 0.04 ¢ 006 -3 /
TKN (mg/L) 9. 7.18 . 0.59 92 /

30 e S GR P IRG ep
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conceantration of 34 ag/L for TOC, 4.24 mg/l; for suspended

£ ] Y

--olld.; 0.32 mg/L for totnl pbooohoru. and 3.4 Y 103

b.ctorl.llﬂb -mL tiﬁ fecal eolltor--. The pi of the effluent
. increased l11¢htlyglbov. the pH of the lnfluent¢

Surface dl-chargo recosmendations for prim-rv contact
tocre.*lonnl vufors tor total and tocul éollfor-c arc

1000/100 -L and 290/100 =L, respectively. Obeerva*lon of the

5 ~ R4
b

da ta -hovl tho colitorm level was -ubst-nQially reduced by

" the -qu/é}lter-, but ottluont levels of coliforss remained.

~

hlchor than the current dlschargd reco--endnfions.

- L

D!-lnfoctlan of tho :‘nd filter effluent by chlogina .on’

, rodhccd colltor- levol- bolov the recomsended Ievel, but

average. chlorino ro-lduc 3 01 148 -gIL. 3.2 ngll ahd 592 -
A .
ng/L were found after 30. -lnu&:u for the 3, 6 and 8 nglL

- I8 ~

chlorl;ﬁ doqu.-. re-poe~lvo'y.~ .l JZ. ‘ . .
Alfhghgh lime dlllnfocf!on 1s ottoctivo in removal of
tbc‘l colltor-t and fecal -treptoccocl, the mean tﬁt.l
col!tor- cChnt ‘'was tound to be 12187100 wL, l.o.‘-bovo the
fecommended -tnndaru at;xoﬂolloo -L. : ' - ?
B : e : .

: Tb check for regrov&h ot bacteris after dochlorlnatlon.
b.ctcrlolo.!ccl nnlly-l- were vperformed dqily on cblorlnatod
..-plgp -forod at room tonpdrnture troﬂhn period of 10 deys
tre- ‘Maret 30, 1978 to March 29, 1878, The ehlerinated
-n-plo co-filnod (tDO tot.l colltor... tocnl colltorna and

tocni -tr¢piococci per 100 -L lne -ll three chlorlne

do-u..o. A- shown !n tcblo vyz. no rocrovth ot bncfcri. i-

;»'th.fV‘d ln -‘-vlo. do-gd vlth 3 and 6 mg/L. lo-ov.r. fho

.J'.

. »

N L L a ,
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U0 ae . TABLE V-2

Batteria Régrowth Analysis: Maréh 20 to March 29, 1979

ey

A e DT FTotal coliforms/100mL

) TR, . : for Sample dosed , ,
o e h T Day with 9 mg/L chlorine . ’
1.’4.!». . . . ‘.‘v ) )
R - 20/3 100
R :
o 22/3 100
233 1200 (
24/3 6200
26/3 ) 2500 o W
27/3 . 72100 |
. 9 ~
~8/3 3100
‘ 29/3 S 100
¢
1) A1l samples dosed with 3, 6 mg/L chlorine showed no regrowth.
2) No regrowth 6f,fec3]§cplifonms &;@pcal strep.
. *‘
. g . 8. .
. '!'\ ‘ . N
;’.'f.;'
_*;gg.’, : >
. ‘;_ .
@ i Q
N P ’tf'a."i‘, i \7
TN R ’
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sample dosed with 9 mg/L chlorine showed regrowth of total
coliform organisms after 2 days. No general trend was

.

6b-0rvod in the amount of regrowth with time. Most Ilkoly

~gﬂﬁte

regrowth occurcd ue.to contamination of sarple

regrowth was >be ~ved for total coliform onliﬁiﬁ%&%
R (R

treateent

L

Flgufcl V-. to V-9 allgutraf. the incre
efficlency with time, p;rtlcdlarli in the caeé offfocal
coliforms. It should be remembered here tﬁ;t the points- lniie}
‘tho flguro indicating 100 colitor-s per 100 mL repre-tnt tsgkﬁ~<%7
value <100 .coliformse per 100 mL f.e. the'ygluv b.lov C f.fg%ﬁ

detection limit., No fecal streptococct coloni.s were

v . v T . L
detected in one mL sample for most ceses. This l: shown in PN
' L3 . TR 7
A ) . »SL:/// .
-Flg. @-4 as <100 coliforms per 100 mL. _ ’//"'

iy
Susponded solids are almost conplef.d rcquod trom Qhe

¢reyvnter as observed from Fig V-6. A 96S removal iq

s
ettained when pércentage removal is celcula ted ueing °

5

geometric means. The genornl trend of {ncreared efficiency

- r

with ¢time exists for TOC and total pho.pha?e- fhough to a
A3 ."’\“\w#_’J
lesser extent. Howovcr, ln the capo ot ortho. pbcephates. the

.

plot or ottluqnt d‘fn pnr.LLela tho.one of influent data
lhovlng thers 1is vlrtuall;fno ronoval of crtho phosphato-.
In t.ct, some of the effluent samples hcvqﬂn higher
,qonccntrutlon than the lntluqnt. The percentage ;QEOVII
;cdichiafkon-, based on googgtrlc means show a'-liaht,
!ngwgg?q in b;th 0-PO, and ﬂHQ-N-

| Tﬂo increase in NHg~-N concont?‘tion in trhe effluent is
‘qglto n6tlcdiblp !anlgurohv—B. It is also intore-tlng to

-~

F o dw
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Influent Effluent Blot for Total Coliform

@

B

1 o
Twyrvy v —-qqd LR L —-a..ﬂn-. q. « LI LB} —-H-d LR SR —-«- LR —qﬂuquq TV 7 "
£
- lu;.
3
+ v & lu
_ >
_ .. <
- hiond b OO
2 -t
N
- 4,
4 P -
L F] Iolm .
o
-—
[V
- N j“
g3
+ 3 ’ -9
<+ -~
%
.? - : . - -
" -
. 3 ) .
. B T
ITEWE W l —--- | W | 1 —--b . | 1 —,h»b-br-l mc i il i 1 1 —--— 11 i —,-,hnt- L1 - N
- o . .
- =1 - . [ ] e~ © w <
o o o o o o o o
-4 L] o N — - -— >4 -t

(TW001/#)uwaoyy 03 fe30)



3

nrrrvrr | J

—--dq ¥ ¥

—-4-- ) ¥ —-q-- LI | LA aq--ﬁ.- L L) —--q- i ¥

153

Influent Effluent Plot for Fecal Coliform
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Fecal strep.(#/100mL)
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Influent Effluent Plot

for Fecal Strep.
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TOC(mg/L)
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Influent Effluent P]ot@for ToC
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Influent Effluent Plot for S. Solids
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Influent Effluent Plot for T- PO4
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Influent Effluent Plot for 0-P04
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Influent Effluent Plot for Ammonia
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note that for the first seven days, there im negligible
amounts of ammonia present Iin botr the influent and the

effluent samples. Near the end of the eiper!mental period,

PAE S

the NH3 concentrations in the effluent samples are qulte
high compared to the 1ntiuent concentrations which are mtill
very low. -

To check the source of this nitrc,.en in ne e{tluentf
total Xjeldahl nltgogen was determ.n:d 1. O samp ess The
regsults are provided in table V-1, meen . orcentration
wag 7.18 mg/L in the Lntluenﬁ, " % of this was removed 'n
pe - lng through the filter column, The increage ir NHa-N in
the e¢ffluent ie most 11ke1y‘due to the o?ldaflon cf organic
ni trogen tailng place in the sand filter column.

T

Three different concentratione of chlorine and one
concentration of lime were used to disinfect the eftiuent
from the filter columne. To test whether there was eny
difference between the four trea tments, a one wuy.;ﬁalysls
of variance test was performed. In this cese, there wars
evidence of a difference betweeﬁ the treatment me thods, at‘;
5% asignificance level, It was concludeg, frow éomputatlons
of least significant difference ttrat th?re was no difference
between the three dosages of chlorine used. However,
treatment with lime was significantly differént from the

three chlorine treatments, in that it was not a= effective

as the others.,



161

C. DISCUSSION

.This research has shown ‘hat zen”t ?iltration is
étfective in treatirg househol- greywatere. The results show
that a sand filter of an effective .grain eize.of about 0.4
mmy, is able to reduce tre fecal coliforms from 2.0 X 1:06 to
3.4 X 103 per 100 mL of greywater, The concentration of
total coliforms wag redhcég’from f;l X 10° to 2.6 X 10% per
170 mL at the same timeso

%he'atrainlng of bacteria at the soil.surface ls
pos_ibly the main mechanism 1nv61ved in rempval of bacteria
by soills. When sugperded particleg, including bacteria,
accumulate on the soil surface, as water pesees through the
f0il these particles themaselves become the filter (Krone et
gi;. 1958). Such a f;ltgrils capnble.of removing even finer
particles, Thus, tte removal offlciency would increase with
time, a8 seen from.tho results in Firures V-2, V-3 and V-6.

Two of the chemical parame tors trhat do not follow the
gqneéal trend of increased ‘removal wi th time, are NH3-N and
O~PQOgq « Tho'incroase in concentration of NE3—=N is more
pronoinced than the increase 16 0-POs concén+;ation in fhe

v

'fotfluent. ' ' )

] Rydbolysls of compléx.phosphatéi to ortho phosphates
»gnd the dgcompoulfion of organic n;troéen into NHi3, during
the passage o? zroyvaier thr;ugh the cobgnn could account
for the aﬁov; obgervation. Nlitrogen and phosgphorus are both
essential nut;lcntq for bacterial gpowth. As o:zanisns

BN
tx, £

‘accumulate in the cbluun. there 1i§&jposdlbllity of bacteria

“ . A
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metabollizing organic nitrogen and phoéph;teq. Moset rganismm
hydrolyze rhosphates Iinto soluble phospﬁhfes before they can
incorporate them into thelr ellular consitiuents. Tbusa

besides using the availahle orhto phosphates the organisme
convert some of the complex phospha te.. to ortho phOSphatesf

thus either increasing or mhlnfalnlng %he Iével of gsoluble
phoﬁphatqs'ih the sand filtered effluent.

Similarlv, protein, nucleic aclids and Bome other .

organic nitrogenous compounds are hydrolyzed to amino scids
end similar compounds when they are metabél}zed by

microorganisms. Under anawroble condiflbﬁsdgome of the gmlno
acide are obnfer;ed-to offensive odor pro&&c!ngvamlnes end
related progucts.‘in tﬁo presonc;‘of‘oxyaééithe amines are
oxidized with the 11beratlon of'amqonla. .
The filter column is esseﬁtic gdbéé;dbic conditione.

s

2+ Thusy, the amino acids are oxldlzau to forp’nmmonlaL

I s o, "\._»r

Since {n most cages +the valumen er vezfewafer are small

-

and the possible dilution by recnlvlna_iufere 1g large, l*

'. »\\. A}

> »
[

is mainly health protectlbn fhat is a concern rafhér than

o . Vd
general degradation of water quality. .
7 o ' |

Due to a small hydraulic logdlngﬁ§18 mL/d/ck?) over 29

% removal of total and fecal coliform orgeanicesm fgom .~

! -

household wastewa ter was echloved. However, the number 61;
v E

organisms was still hIaher than the recomnended standard,f
thus requlrlng dlalntectlon prlor to surface diecharge. OJ
the two dlsin!ectants studied in this oxptrlnent. chlorl&ﬁ

0

is foundAto be more otflclont than lime. Bealdoa'bhlng a

),

P w
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Iotsbitfoctlvd di-lnfoctnnt, there are problems of thoJilns}

&

.ludgi dlcpo.al and pH adjustment of effluent after lime .
dl-lntectlon. There 10 no slgniticant dlr%fJane in the

nunh.fn of colitor-s ro-clulng vh.n the three ditt.rent
T )
do-agea ot chlorlne aro appltod to the aan&-t!lter oftluenf.
- ? 2 )

T Th. valuo. of the three dosngo- ot chlovlne}-ore aboqg

»”

o T broakpoint. Chlorlno has a good. record ot bqinc a

.utl-tactory vastewater dlslnzlctant %¥§ publlc healfh
) ;e . B
,‘_profoctlon aga!ns‘ 'ntorborno disea-e-. There are, however,

aiaoc!atod prpble-u vlth current chlorination prectices. As

.

dlscusted ln chaptor II, the use of chlorlrafion is

'no.oti-ca d!-couraaod duo to its edwrrsae ettecto. Hovovcr,

. ln thls -tudy, dlslntoctlon by~chLorln-*lo? wvas toupd tovbe
e ' @
’ more -u;tublo -ot\gd of the two. A :-ry lov doaane (3 -aIL
..-J‘ \'1 .
is foqulrcd {pr ctfect;v- dlslntoctlon of ' oyvater; }envlng
o : .

" Q nonn rosldunl of 1. 46 -u/L utter e 30 mf te contact

.‘1 €

.

»

g perlod. The r.eo--.ndod doc.gi fof act!vafrd elud.e plant ’

-
.

"}““; etfluont 1. loﬁiaék nud thq Alborta Govcrnnent-Steodurd'tor
-vronldual chlor!no lil2 -.lL- . '4

' A-on¢ nll G;o altovu.t. dlclnttctluu tochnlqnta. at -

. » .
prolonf. hypochlorlto appoifo to b. the -o-t a.tl-tsctory. .

,__,\ .

1t ego bo o..i!y 1e&n-port.d,ula siaple and f}f. to u-o.' .

@ S!noc ac-laucl lovcls oro b.to' rtco-p-nﬁed )

_o!!tu'qi l. actctlvoty oafo !cr .urr.eo dl-charuo.

nccgd. fho

A tmutory nuy -aom thnt éotn eol!tor.t vere a2
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o .
. . . A

or fecal streptococci was observed suggesting a different’

-
-

. potential for regrowth for ditferédi groups of coliform
organisms. v

s

As observed by Shuval &1 ale. (1973), an 1nverae
-

. T
,..\<

’)Arolatl‘h h*t'%en the occurrence of reproith and the nu-bor

Y

¢

oA

-
o

'-urvlving chlorlnatlon was nofed in tbls nfudy.

g <.

rilto the results obtd!néd by Shuveal ¢+ al. (1873).

ﬂ_'» a . .‘,-_ .
Tho formOr rolutlon-hiﬁﬁnay bo due t6 th goneral aba.nco ot
”conpetlflv. -lcroflora 1n tho offlygnf ,.ated vifb h!gh

- ’k B *b\ .,ﬁ
chlori%o doaait. The unotpoctod ocqurpence 9! qurovth !n

Uy . - p, A,,}J

ne

sanpl'e chldrinafed vd“tfh 9 u'g‘-' ahlorlnw étnnof be exole.lned
: o B =

with the llnlted nunbor ot dgta. To" fulty Jndifstand the

regrowth phono:tnon a d.tailed study should b# undertaken.

L

N Although the reqrovth tost nbovod no oraanlsms in a 10

+ .
. )

oL sa-plo after - chlorlnatlongw!iurowth novcrthole--

Sidviod
. . r.\“, .
occurr.d, 1ﬁd1cntlng that: -_~f§£actorloovere presenf in the
hlorinafed ottluont. To-flng {urger voluq;? of efflubnf of

id

200-500 alL -laht overcome this upparent eTPOTe

Since dlfftronf colltor- group- .hoved dltter-nt

-~

vcnpacltlo. of re

-

o~

:th. one cannot assume fh-t.vhon°

coli forme regr " the pqthoﬁond hro ronrov{na ;5'1011. In
. ) » .
the .boonco ot cloar ovldonco thct pafhocon- behave !n 'y

- .

oinlllr-.nnor fo tottl cotltor-. absence of ro.rovth ot

foctl eolltoe- enn be cop.tdorcd n. !ndlcatlon of -btonco
x3 i . .
. . . - ;. .%:‘?I)
ot rdlrovth ot p.tho.on.m oLl R ‘”#ﬁﬁk“ th

»

- P " L
f . A EE .. DR 3 ) Vo C .
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.i“? ls knovn that viruses cannot -ultlply outside tho
ESURY ;,. ’
\livlni bost “and to the oxfeu‘t that thclr numbers are reduced
by ,‘ch‘lortpatldn no r‘.grovth can 'ocq.ur-
' R No pB adJustnent is rcqulred for the sand filtered
. : R v .
T chlorinafpd oftl.uont. s\ince the treated effluent ls neutral,
- i l%‘ :5‘
Thus. it can be consldored safe for aurtace d!zcrareo.
] ° b4
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b - tary dysentery as we)

gvoyvator from Whale Cove ls sunmnrlzed ln table, IY 4.'TFQ

fl-portanco. A- dlocu.sif.prcvioualy. *ho prdsoncc ot nn“'

-;:“/0 o A'v:,'. P

o

‘ o
VI. SUMMARY AND COKQLUSION_

Domes-ic sewage can contain the obmbleta'ranae o2 pathogenic

)

e
enteric viruges and

org~:  lsms such as agents 1 g”}ﬁblera; typhoid fever,

E aaites.
A ° -y

The alm of this investlgatlon was to study the qunntlty

and naturo ot houaohold vastovator, ie0e ureyvator rro- the

dvelllngs 1n an,isolated northorn connunity and to dethnlne“.

‘whether this preyvatpr couyﬁ potentially be e public health
hazard. The resul ta wore to provlde a ba-le for chooslng
o,

suitable treatment nonsuros.* SR

Q
The date generatod in enaiysls of churacterlst@&s,off
e

ERN

vdaily pollutant contrlb&tldns caﬂ vary con-ldorably at a

\.3 M N
glvow hode as rseen from Filgurem Ajl- Al&, end eleo between

o
A hoaca due ¢to dlfforont living habl ts, A loe nornal

v Sl \,

d!ntrlbutlon was demonstrated for all the parampeters

Al

&

.meaqured An this ﬂt!’y. The values obtalnad'tor most ©

{

"parameters from the {;o sourc¢6 otvgreyvatqr(Ednbnfon“and

Vhele Covo) dld not differ -lgnlficcntly. except for NHj,
Pb. and-totat colifor-.-‘Tho- ‘dlttcroncha\v.rc Iabk;ly &Jq
Py e - r
to d!tt.'oncc- in vatoru-o.; ‘ !‘ o » " '
. *7 °
- The -lcrobioloclcnl contont Qt arquator 1- pt prl-e

o -

:,gnd!vidunl yho ll -hoddlng pathocon. in- . houschold R

va-to'.t-r vill rosult in putho.cna nppo.rluc 1n the

bl

‘vt.to'u or .tr-n-.AAtthough do vork rch ¢oao fo uctu.lty

8 [ SR Y L

.

S
2
-N,
o
-

-);(.. ‘} .“7f;5§¢j;‘

s - o ,' L r > _'“;y:‘

vt
o




'muLntonan¢o~bt u"ikroblal populat!oq in' this was

'_andj?hat -prlng runottgéontsgnlng fhi- vnafé@nter

A ' _ 167

B

delineate the pathogon{c‘bharactorlst&cs of greyvater, the

values presented for colltorm(organltns demonstrate that a

wide renge.of indicator organisms can be expected in the

gt

bath and laundry wastewaters. The levels are sufficient to
indicate a potential for fecal contamination of the bath and

laundry ﬁtht.vators. which could in turn result in

‘pathog.nlc contamination otqth.so 'a-tovafers. Health

.tatintlc- show that aany of the diseases mentioned are’
“43" . i . Lpm
endemic in the communi ties in th.{N.'-I.<Benco. it ;tf"

'posaiblg that such pathogens will occur ir greywater,

:jl .
The findings of this investigation with respect to

/ P

. chemical charactéf léi of greywater suggest thet
of T

rufficient m.g‘hﬁo“l?&- are available for growth and
':V . .‘ . -

e LI

v conta.lnuto drlnkinc water aourcdﬁ; Thess resulte 1nd1catq

1 ‘e -

the neecnslty tor ‘E-tevator treafﬁert to protecf pub\ic‘

PO

hnalth._ R HQ) i ~

Since ;ohtrn} meverage and water distribution systems
. . ‘,' ‘ » ‘J‘v . ' . . \ .
oo nof;oxint in most northorn compunities, and meny areasn
aro ealmply un-ggfahlo for 0n~:1to tfbnt-onf and dlapo-al by .

the tmfie t.uk -y‘tc?-. an’ 1ntorm! t}tnt oand filtretior with

’ nwtu;o dl.po-cl ot etfluent wco evclmtod. .The inablluy t’

-iot tho buctorhl ctnudu-d. doon not ou-ln-te tand S

L. -

"*tllfnqt!oa‘ -- q« ﬂmm tnct-nt -cchnul..,\but 1ndlent-i

th l{entlu clovm 1- ndomto tor rotonl ot

Kk ‘ [

ucns-u tru hou-.hold cun.hr. nIllutoeum tquavln'
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fectors which should be rurthe% ackessed are tae possible @ o
. " \J’
' - . . ).
occurrence of clogging of the filter coldin¥, economica ot o
the eystem, and, probably more important, the operation spd "
maintainance requirements. _ o I . L
A . @ : : , 3 Lo :
Intqrmittent sand tiltration and chlorina'tion abpear to :
"be a practical soiutlon for prevention of adverse effects ot'$§~
greywater , particularly if piped water dicstribution to’
o woe r . S : T
‘homes is ant l%&ed in the. near future, - @ .
R e ‘“; . . ‘; o N
. o L AR T
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N

filtration hae been found effeéctive in producing an

. acceptable effluent quali ty, ﬁgdo§ laboratcry conditions.
R : - o

ke

However, thesme results vorqﬂnot conclusive evidence of

N ‘ N v - ) K 35;
« &8 - . y : v EAe -
the faaslbllity%ét operating the :‘treatment process under. PULE

conditions similar to those found in N.W.T. Threé Y#portant"
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Y1Ie RECOMMENDATIONS
1. In an attemp: .o better ldentify the potential for
contamination of household K&reywa ter by pathogenic

bac{orla;and vlruqes@ greywater ahbuld be fuﬁther

characterli;q for pathogense S;oarlst (1@77) found

certain>éhfcrobactoriac¥ae in greyvater lﬁdlcating

. poseible focalvcontanlnatlon. ‘ é
2. Because of cartainvliil}dkionﬁ oi the coliform group as

igonoral indicators of non~onter1c pathogen
N &

confanination. other %ndlcators auch er Eseudomgpes and

4.)
&531Aghlgggggng shauld be aaaossed. In the literature

» -
thoro hac boon some 1ndicatlon that e peruginpsa is

v

'9r6-8nt 1n gr.y'ator. It 1e recommended that ipr addition

J
T

to collform toate, qualitative tests bé conducted to

=%

detornine presence of 2. Agnng&nang- ) ifi

3. Since, at present, thorl‘ls a leck of caﬁvlnclng
evldoncﬂ fhnt wa ter sources are .the cause o1if vaferborn
'qltcaco- lnfthe N.'.T...lt is recommended that

A

epidemiological studies of wvater guality and tealth be

- performed in addition to acqulrfnk'botter rebortlpa_o! :

N

‘oufbrﬂ’k- of vaterborne dlgoﬁ;p; .
4, ”Bxcooulvi use of chlonfno in water treat-cnt-u.y result
!ﬁ thQ tor-ctlon ot .cv-rnl co-poundo the t u;o knovn

earj’pogcno for snl-nlc and -u.poctod carclnogon- for

hmn.- There 1- a po--lbluty that disinfection with a

B chlorlno do.ngc ot lese than 3 .‘IL coutd be oftoctlvc

f”&'la ro-ovtpu?-lqroorqrnl.pnmylt';q‘a¢¢0nnondq4lthctlthq

»
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¥
effect oﬂ»ghtor}natlop below "breakpoint" be arsessed,

even though carcinogenlé effect ot chlorination is not
&
\ L

lixely to pose a problem at present in tre NeWeT.
’ gl ‘
Se. Since characfgrlst?cs of gr'}%utor ere affectéd bi
tempe ra ture, pmrtlcqlarly microbliological

characteriastic, greywater should be exemined under

winter condl&%ggb'a-'ékpcriongod,in N«W.Te
\LV' : " A ’

6 It im known that bacteria and viruses can survive

freézing tenporatufis, this should be investige ted by.

,v

analysing spring thaw samnlus of greyweter,

Y

Te A close monléfﬁ;ng of the pattern of vaateuater tlo -and

; the volunﬁ@l. ‘rgwator prcduced at ‘homes in the
“ Y i .

communities EQV,T. is recommended to generate tte

necogaary deta to deslgn a complete household freafnent
By e

system.

As a final gqne@gk recommendation, it is felt tﬁﬁt an
extensive field investigatlion should be corducted on
characterization and troutmgﬂt system in crder to assess the

sultabillity ot sand tlltratloge chlorination under

:ondltioni found in N.VWe.T. . o -

o
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GLOSSARY - .

-

¢ .

Endemic - peculiar toLa certain region or people; said of
dissase that occurs more or lems constantly 1In

any particular locality. -

<

Endocardi tis - Inflammation of the endocardium or lining
mempranse of the heart cavities and ite
valves, v,

Endocardium - The membrane lining the interior of the heart.

Enterocolitis ~ Inflammation of small in9 tine and colon.
. &

.Epldemic - of diseases, occuring or tending to occur in

' extensive outhroakﬁ, ¢ in unusually high

incidence at certain flaes and places.
. v

Epidemiology -~ The study of occurrence and distribution of
disease; usually restricted to epidemic and
‘endemic, but some times broadened to include
all types ot disease. ‘ -

B N ~7
P s .
. e

Fulminant - Su&&éng ld#brd, intense and rar~'d in cour-e;
 (adje fulminating)

L

Honey bags - plastic bage used for toilet wastes.

Mastoid cell - One of the compartments ln'tho'-nltold part
of the tewporal bone. (1.se. bone forming part
of the skull) ' ' '

b

Mastoidltis - Inflammation of the mastoid cells..

: , : . : . ¢
‘Meningitis - Any inflammation of the membranes of the brain
e or spinal cord. S :

4 . o

NPN ~ Statistical o.f@-pt. of a bactezial population through
the use of dlluslon‘cnd,-nttlplo tube 1inoculations.

. L AR (P



® -

Osteomyelitis - Inflammation of the marrow and hard tissue

~of bone, usually cauased by a bacterial
infection,. '

2

Pericarditis - Inflammation of the 'perica;diu‘-.

Pericardius - The closed membranous sac snveloping the

heart, - . : E:E.

Puitule ~ A small, circumscribed elevation of the skin
containing pus. :

Pyolonophr;iia'-’Thi disease process fronm the jimmediate and
' late effects of bacterial and other .l
infections of the kidney. ' h

Thrombophlebitis

Thromboais -

vlpipn - The
_ the

a -

oy '
éﬁxted'wlth

thrombosis. -

1

The foramation of a clot of blood formed during
life within the heart or blood veasels, o

\ ‘ e _"@

complete, mntysy @iqgiﬁﬁarfgclo.'ldontlcwl‘tc'

infectious unit.

'

Virultent - Infectious, noxious. T R

S 3
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» TABLE A-1

CHARACTERISTIC OF GREY WATER FROM WHALE COVE
:AUG 21 TO SEPT 16, 1978

DAY TOTAL COLIFORM FECAL COLIFORM FECAL STREP. TOC S. SOLIDS T-PO‘ O-PI)" 170%-"

NH.,-N

2/100 mL #100m  #/100 m m/L  mg/L T mg/L mg/L  mg/L mg;L

. 1ead® 1.2x10" 8.0x10° 1.0 10 450 241 007 0.0
2. 2.axo’ 3.5x108 s.o0t 3450 902.0 2770 3.3 0.110 0.65
3. z.2no® s.o0® T 2.0m0° 4160 4ss0 1610 4,27 0.043 1.4
a. 390 1.8x0107 T.of0® 14200 1372.0 4.0 7.57 0.07 0.42
s. 7o’ . 1aad 1.200°  305.0 248.0  10.30 .03 0.043 1.25
6. 8.3x0 1.1x07 3.0x10° 300.0 6.5 .23 0.02 3.630 0.01
7. e 3.200° 2.300°  4230.0 1982.0  13.80 7.79 0.014 11.43
8. 2. 8 s.0x10° 6.0X102 47.5 3540 9.20 5.68 0.008 2.09
9. loxo 1.ox10® 6.1x16° 7450 28..0 5.80 1.63 0.042 1.47
0. 2.a0 3.8x10° o 263.0 1320 1400 0.01 0.010 2.08
n. 2ax0’ 3.6x10° 1.000°  121.0  450.0 6.40 0.28 0.068 0.3!
2. . 3.oxmf 1.000°  956.0 1108.0  11.20 0.0 0.001 0.0
13. 8.neb 50108 7.1X10°  1910.0 5007.0 “103.00 46.70 0.500 70.80
1. s.axio’ 1.8x10° 1.7010%  295.0 200.0  14.20 0.28 0.003 1.42
15 8.oxi0 nsac®  voud s, 0 64.0  11.60 6.06 0.006 2.34
16. s.axio’ 1.5x107 © 5.9x10° 94.0 632.0 17.00 0.65 0.003 0.93

‘/,7
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DAY TOTAL COLIFORM FECAL COLIFORM FECAL STREP.
#/100 m

#

CHARACTERISTIC OF GREYMATER FROM WHALE COYE
AUG. 21 TO SEPT. 16, 1978

17.

£/100 w #/100 m.

6.2x10’ 1.31108
18.  6.0x10° 1.0x10%
15.  s.omo’ 1.0m07
20.  t.mo’ 1.7008
2. 3sx0’ 2.0x108
22.  1.8x0” 6.4x10°
23.  s.2xo’ 1.0
4. 2.4m0’ 1.2x1of/"/
5. 2.4x10° 4. 4xi0°
6.  4.4n0° 6.ox105
21. 1.sueb 4.9x10°
8. s.oxiob 1.4x10°
29.  1.sm0’ 2.0f
. 2.500 1.7x108
. r.ano 1.2x10°

1200’ 2.4x10°

32.

TALE A-1

5.1X10°

3.8x10°

s.000°

3.9010°

1.0x10%

1,.0%102

1.0x102

3.2x10°
a.000°

1.0x10%

9.0x10°

3.9x10°

2.0m0°

6.0X10°
1.0x10%

ToC

/L

145.0
1060.0

222.0 -
4450
“221.0

272.0

1.0 435.0

145.0
72.0
13.0
47.0
362.0
66.0
62.0
37.0
261.0

S. S0LIDS T-PO,

_myL  mg/L
318.0 .~ 5.50
13740 6.50
“318.0 4.20
" 636.0 21.50
168.0  13.90
1200.0  15.60
1424.0  14.80
128.0 6.20
228.0 2.50
368.0 7.90
138.0 4.00
544.0  10.00
178.0 4.00
290.0 7.70
292.0 5.00
342.0 9.00

o

190.5

HO3-N  NH-N
m/L  mg/L
0.001  0.89
0.018 10.48
0.032 1.63
0.024 1.9
0.008 1.45
0.013 2.2
0.001 0.3
0.015 3.34
0,038 1.38
0.100 3.33
0.032 373
0.024 1.93
0.022 0.86
0.7 .40 '
0.020 0.14

012 ".56
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Day
1

2

TABLE A-3

Microbiological Characteristics of Grey Water

from Strathcona County: July 6 - July 14, 1978

Total

coliform

5.1
10
8.3
9.4'
1.6
9.3
6.7

X 10

X 108

.
X 10°

X 10°

X 107

X 10°

x 108

Fecal coliform

Fecalwstreo.

4.0

3.1
1.1
2.2
4.7

X 100

X 10

X*10

6.3

5.0

2.8

6.7

1
1
1

.9

N
.6

X

X

10

10%
10t

0%

10°

10%

10

.
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TABLE A-4

DISINFECTION RESULTS

Total Coliforms/100mb

Chlorine Chlorine Chlorine
3 mg/L 6 ma/L 9 mg/L
. 500 74000 100
4900 200 - 200
700 400 - 200
500 100 400
100 100 100
300 100 100
100 100 100
100 100 100
200 300 100
100 200 100
100 100 100
100 100 100
100 100 2600
100 100 100
100 100 100
500 10 1000
400 100 100
600 100 100
100 100 100
100 100 100
100 100 100
100 100 100
100 100 100
100 100 100
700 4500 100
100 100 100

193

Lime

800 mg/L
100
61000
98000
43000
2500
2200
= 18000
14000
1200
5500
100
21000

800 .
100
200

1600
40000
100
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Plot of Concentration of Total Coliforms versus Water Usage
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Plot of Concentration of Fecal Coliforms versus Water Usage
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Plot of Concentration of Fegal Strep} versus Water ilsage
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TOC(mg/L)
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Plot of Concentration of TOC versus Water Usage
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of Total Phosphorus versus Water Usage
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Plot of Concéntrdt—ion of Ortho Phosphorus versys Water Usage
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Ammonia(mg/|)
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Plot of Concentration of Ammonia versus Water Usage
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