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AbSTRACT

A dltect pldte count mettod hdus heen develioped tor
tue vnumRerdtlcn ot lony Chalu tatty daCc1d uti1lizinyg
LaCtelld  jreSedt 1h tilesh watel. It was concluded trom
Vbeerviig the cclonles growing ob the soli1a medium

(LIYA+EA) that the Wmedlum was actlhy 10 4 sejlective

Dal el o

In later ecXpetlBedts the mearum(TYA+FA) was used 1n

cobjunction with a non-selective medium (TYA) to attempt -

tu  disess  the  Nobth  Saskatchewan rivel's capdcity to ¥

dvgylade long chain tatty acids. North askatchewan
Ll1Vvelr wdatel wWas SdBpled trom a4 site ou the river
Upstieam tros Edmonton(156 St.) 4ana  tiom a Slte

aownstream frcm Edmonton(Vinca biridge). 10 e€valuate the
cvlrect ot the City ot Edsonton upon the North
baskatchewan river, the kdmonton dcmestic sewage plant
cltluent was saméled at the time of the river saapling.

vuLing the summer pe[lOd‘Of 1974 the source waters of
tue North Saskdtcheuan river were also sampled to
determine any changes that. occur 1in the river during 1its
pausdage  fron ‘thé source to Edacnton. In a parallel
study, the occurrence of salmonellae 1n the North
s5askatchewan river and the Edsonton domestic seuagé
ettluent was determined using the Moore svab technigue

(Moore, 1948) . In aadition to the amicrobiological

v



CapellBeuts, valiousr pnysical  and  cnemical  jdlameters

Wele BDedsidied.

sevelral cenclusions Wele made legaldlny the Liver's
cagac1ty i.’dgg[ddu‘}onq chdin tatty acids. ‘Luﬁg chalu
latty aCid degradatlon dj pedls to te secoldaly to  other
pacterlal Betabelic Cdpabllities. There Was 1o
stasutlcCdil)y s1ygniticant Colieldtlon between tne nuabers
ol dony Chailn tatty acid utililzing bacterida (FAU) and the
1tony  tatty dCié levels within the river. The Notth
basKatChewan river sedimedt contaloed twice as much long
Cliall tatty dacid per volume at the Vinca bridge dample
Litle a8 CCOpared to the sealment at 156 St. Sediment at
Lhese tWO c1tes dlways appeared bldack ana had a distinct
oaor ot  hydrcgen sulphide, Long chalnv tatty acid
uQu—utllleng Lacteria (FANU), which are usually greater
than Y0R ¢t the total bacfezlal count, shéued a tendency
toward being fpigmented. Analysis of both the sediment
abd the wdter at the source site revealed the long chain
latty acid levels to be very low as compared to the
levels tounda 1n other sediment. In addition, all
vacterial counts were also low at the source site.
coutrasting the other river sites, the source yielded
vuiy aerokic tacteria whereas thke cther sites cgptalned

LS

poth aerobic ang facultative anaerobic BiCroorganisas.
[ne presence of Salmonella SP. in the North

Saskatchewan river water was investigated and were found



Ol 1 ot o oCCasivns dnd dat both local tivep sites. The
cdoatol dolestlc sewage eifluclit wds also monitored dnd
odiBonelide wele teund o 3 0f & 0CCaslons. The SOULCe,

.

noWevel, ylelded no calmonella.

vi
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INTRCLOUCTICON

.

Lony chain tdtty aclus occul 10 pDdturle(Viswdnathdn
et al., 1ybo;61ven ¢t al., 1973) to such an extent that
tne  accumulation ot this class ot «ccmpounas could
tbesent a4 md jor blologyical degradation problem. Man has
tended te concentidate large gquantities ot  long chain
latty dc1ds  1n 1elatively small dareas in the torm ot
lhuustilal and QoRestlc sewayge treatment plant

elitluents, =

In  spite of the fact that natural aquatic systems
such a¢ 11vers or streams are used as receiving waters
tur  such wastes, @methods have not been developed to

ascertaln the j(reseuce ot long chain fatty acid

utilizing mi1crcorganisams. To date no record of work imn

this d4rea has appeared 1n the literature. The
Acetavolisa ct Closely , felatea compounds such as
triacylglycercls has been studied. These components,

wnen hydrolyzed, yield glycerol and the so~called R-
gioups which are primarily lcng chain fatty acids. The
feiease of these organic acids with the concomitant drop
1u pd 1is the' basis of the pH indicatdr colour change
detection methcd for triacylglycerol bhydrolysis(Sierra,
1¥57), whereas other wmethods wusually rely on the
cledring ot the imsoluble triacylglycerols surrounding
colonies. This systen, then, determines those

B1Croorganisas having the ability to hydrolyze



tiiacylylycercls but  y1lelds no 1ntor@dtion Concerning

toe degradaticn ot lony chdin tatty dacids.

In sanitary engineerinyg technology the ‘yreases!
ate  those @dterials that when acidified to ph 1 are
extrdctable 1nto.hexanc 0L oOther npnon-poldar solvents.
inls frccedure would tend to hydrolyze most
triacylyglycercls to glycerol and long chain fatty acids.
Many workers have shown that up to 70; ot the total
Jleases dre saturated and unsaturated long chain tatty
aCld&(VlSHdndtgan et al., 196.;wWalter, 1961) . 1n
liatural systems such ds rivers and sevage systeams there
1s an ébundance ot lipolytic wicroorganisms, therefore

the supply ct free long chain fatty acids should depend

on the supply cf triacylglycerols.

In the design of a method for the detection of
microbial 1lcng chain fatty acid utilization 1t must be
considered that the oxidative enzymes required for the
breakdown of these compounds have been found to be
assocldted with or bound to the bacterial cell
wcabrane (Weeks et al., 1969). Therefore the classical
enumeration procedures based on the formation of clear
zones surrcunding colonlies cannot be used.

’

Beports in the literature have shown that
Ricroorganisms jresent 1in sewvage influents, sewvage

eirluents and cther situations high in cbncentrations of

| ] /’///



VUl 4dNnlC  Bdterlal are predcminantly of the non=plysetited

Vallety cuch as colitcras, pseudcmonads and
daclOmONdds (JCoe s, 1970;Coleman et 4al., 1974). The
non-plymented w@icrooryahlisods dare 1ntroduced tc the

Lecelving watercs along with <sewayge ettluent 4and long
Chdaln tqtty dacids. 1Two pOssibilities arise d4s to the
tate o0t the . tatty acids, the long chain fatty d4cids may
ve utllized €1ther by the ;ntzoduced bacterial tlora o1
vy the 1ndigenous ‘river porpulations. The Dbacteraia
tntroduced via the sewdge etftfluent could also ve
rathogenic tc users of the receiving waters. kivers and
othel ndtural water bodies contain a high proportion ot
vlybent—-producing speciles, greater than 50% of the total
population 1in some cases(Coleman et al., 1974). Many
workers have ascribed the tersm microbial scavengers to

taese pilgmented microorganisms, that i1s, they can exist

in very dilute organic medium(Jones, 1970).

%

The ;rétlem ot detecticn of pathogenic bacteria
plesent 1n sewage effluents and subsequent receiving
waters has fplagued Public Health officials for years.
uany. vorkers, particularily 1in the U.S.A., have
attempted to correlate the Fresence of 'fecal
coliforms®, 97% of which are Escherjchia coli , with the
piobable presence of enteric’pathogens, in particular,
those of the genus ég;gggg;;g (Geldreich, 1966). This

inters that the survival physiology of 'fecal coliforas!



is s1mrldr tc that ot  saimonella sp. (McCoy, 1964).
A

utuel public health wcrkers, €s;eClally 1n the United

ningdem, have attempted recovely methods to demcnstrate

lhie pLeseNCe Cf salmcnelld directly.

The bjectives ot this resealch and thesls dre as

J

1. To develcp a direct and siaple plating method tor

1ollows;

tue «cnuperation of long chain fatty acid utilizing
microorgantisos (FAU).

<. To evaluate a natural envircnmental situation using
the developred method with other measurable parameters

that wmay have an etfect upon the numbers of PAU.

3. To attemft to determine whether fatey acid
utilization 1s a simple substrate-microorganisa
Letationship ck ihether any other (s) measurable

pdrameter (=) atfect activity.
4. Concositant with the problem of evaluating an
environpental situa;ion, a direct wmethod was used to

survey for the presence of Salponella sp. *



LITe&ATUKE KEVIEW

1. £lvels das Blcioblal systems.

hivers have long been used as the receiving
euvirchment or system for man's wastes because ot oue
unigue tact, that 1s, whatever 1c discharged into the
Liver 1s carried avay trcm the depcsitor. As Livers, 1n
geueral, can degrade all or at least a major portion of
;an wastes that are deposited therein, they may be
cousidered as moderdtely active microbiological systenms.
Wwunrmann(1971) 1n his chapter on the selt purification
plucecss in  rivers ‘attributes this ability to the
piochemical activities of the 1ndigenous microbial
populations [fresent. He maké; a further observation
that selt purification 1s highly dependent upon the
dbsolﬁté bacterial bioeass, that 1s, the nuaber of
bacteria that are 1n intimate contact with » the flowing
water. In =1splistic teras, the deqradation of many
i1husoluble supstrates requires the 1intimate contact of
tue substrate with the competent nicrdorganisn(uuhrlann,

1971

The fact that rivers are metabclically active, with
tnis activxty(nainly aAttributed to licroorganisns, leads
to the gquestion as to where, within the rivér, t@e
activaity lies, that 1s, what is(are) the habitat(s) of
tbe microorganisaes present in the river? Huhriann(1971)

gon51dered shat the river's microbiad populations are

\

-wr
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¢tuentlally dallochthouous 1o origim  or that they are
iLutroauced tc the L1vel. 5011, sewage and other
teirestrlial leached mdaterials dre the main contritutors
to thls gicup of bacteria. The point that a [1ver 1s
crsentlally a dilute wmedium, possibly similar to a
dilute so1l solution, 1s wWell taken 1n that all
tiibutary water had thelr origin on land. The river
raltilally ccmpensates tor this dilution ettect by the
Lact that the water flow delivers to the sessile or

fi1xed cell, fresh supstrates.

A river consists ot two phases, the water and the
sedl@ent. In the water phase there are essentially two
microvial fpcpulations, the free living cells and the
epiphytes or those organisms attached to larger objecfs
such as plants, animals and detritus. The sediment
coutains the e;ipsannlé tloita or those living in and on
the Substratum. On a volume basls, the sediment
coutains the largest proportion of the river's microbial
yOyulatlpn.' Jannasch (1956) repérted that 99.6% of the
total riﬁer microbial population of the river Nile are
present in the sediment. A4sililar distributioﬂ of the
mlccbbial porulation was fcund in anothe; river systea
ana - under widely differing .élinatological
conditions (Coleman et al., 1974). There.appeats to bé
no difference in the wmicrobial counts in either the

seaiment or the water if they are expressed on a per dry



velght basis. This lwplles ¢ so1l-like situation 1n the
dyueous  phase, 1n that the microtial cells are possitly
du50Clated with particulate material. The conclusion as
to the numbers of bacteria 1s Somewhat s1mplistic  slnce
tue tacterlzal counting method 1nvolved only derobic
incubation. 1Ike sediment 1s deficient 1n oxygen and
wisl contain undetected anaerches that are 1n a
metabolically active condition. The water, as 1t 1s
actively derated, would jprobakly coaotain few if any
anderobes. Thnerefore the sediment, 1f evaluated by
delO0b1C plate count, will contain more bacteria than the

plate ccunt Leveals.

bacteria are of an ublquitous nature aand are
therdfore varied 1n thelr nutritional requirements and
metabéll activities. It would appear valid to say that
any particular enviranment . selects for the competent
autochthonous or naturally Fpresent population ‘'and
agalnst any incompetept allochthonous microorganisas.
Although Huhrnann(l971) states that wmost river-born
mléroorganlsus are  allochthonous in _origin, fheir
coutinued ;résérvagipn within the river -systenm uou;d

lnaicate .an allochthondus to autochthonous shift. ﬁ%is
R

beling thcfcuse and rlvers being dilute solutions cf uany' .

|
altfetﬁ%t nutrients, the microorganisas present uoul&
L ]

pOssibly grow better onh laboratory growth media of loygr

orjanic  concentrations.. Jones(1970) specified that

*

X

@,

¥
1



lucreasing the crganic content ot a acedius, in
pdltlicular yeast extract, tends to lower the total
Lbukpers of FK:/;atuxal bacteria obtained trom rivers.

Jones (1970¢) alsc stdated that the method described 1n
>tabaard Methods for the hxanxnatlon‘ 0t Water and
Maotewdtel using plate count agdar or phytone glucose
jeast extract agar incubated for 48 hrs was inadequaf&.

I'thls methoud gave sigpificantly lower counts than a
method using a more dilute medium 1ncubated for a longer
tine . Cocleman et al. (1974) [(pOItéd that the use of a
dliute medium gave higher counts tham did plate count

dgyal 1n a wmiCcrobial survey of the North Saskatchewan

Llvel .

Various ccmgpounds have béen incorporated into agar
and the «clearing of the compound from the medium was
toilowed tc cbserve bacterial degradative- activity.
Cldas'sically, clearing zones surrcunding the cosgetent
coiLony indicated an extracellular degradative enzyse
system. Triacylglycerols and lipids have been
incorporated into solid media as a ®eans of observing
thelrl degradation(Blaise ‘ and Arastrong, 1973).
svenerally, the lipid substrates hayve béen natural oils
such as «ccttcn seed oil(Blaise and Armstrong, 1973) or
lween éo, 40 cr 80(Sierra 1957). All of these asséys

evaluate the ability of the growing colonies to

hydrclyze the ester linkage of the insoluble or



suspended l1pld tc glve cleal zones around the colony.

——— .- m e e el A C—_ma o~ —_—— e _—-

The metnods used tor the detection and
glatS{IlCdtlon ct lipolytic tacteria 1n  patural
chviionments are well documented 1n the literature.
DiLd1S¢E and Arpétrong(1973) tound that the major
Lipolytic racterial groups 1n the (ttawa river were
Beabels ct the genera FPseudomcnas, Ag;uetd%dCte[,

_—— e e - ——— -——— o —

Hordxella and Aercmonas. Druce and Thomas(1970) showed
tnat 93a of the 1lipolytic lLacteria 1solated fxon’an
Untreated water supply 1p Wales were Gram negative rods
alia -u;re classifiea as remnbers ot the @®enera
Acinetopacter and Eseudomonas. Soils and waters have
4440 been shcwn tc contain lipolytic bacteria most of

woich were of the genus fseudomonas (Breuil and Gournot,

The lipase systesm studied\;g‘)itrg by Nantel and

PLoulx (1973) was dependent on the presence of calcium
ion and an anicnic detergent. The bacterial enzyme was
nost actave at alkaline §pE and polar mono- and
uyracylglycercls were more easily hydrolyzed than
erac&lglycercls. The latter ccepounds ’required a
higher concentration of amnionic détergent to 'facilizate

. - 4
enzyme action.
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Specitic microtliological and plochemical studles

’

dodiDy 1%C lalelled sSubstidter have shcwn that some
aldtelld dbd yeasts Cah take up 4and use leng chaln tatty
acids. fcr «xampie Pepnicillliup 10quefortl canh CXxidlze

1ouy Chaln tatty acids tc the cortrespcnding methyl

Kelohe With cne’ lecs cdrdon atcem(Lawrence and hawke,
19v8) . It 1s alsc kmown that spores ot [ roguetorti
Cali  4alsu o0x1d1ze hexadecanoate 1ntc 4 hcmologous series

ot carbenyl ccmpounds(Dortey and Kinsella, 1973). 1In E.
cutl Klc the lcng chain  ratty ifld oxidation systen
plesent  1g simirlar to the b-oxidation systea tound 1in
Wowmallan tissues. Thls system was found to be 1nduced
vy the jplesepce ot long chain tatty acids greater in
Chaln length than C14. These’mlcrcorgdnlsms can cbtain
cueldgy abd assisilable carbon from the metabolism of

1ong chain fatty acids(Weeks et al., 1¢09).

Long chain fatty acids are oxidized to acetyl CoA
uuits after having been activated by an acyl CoA
synthetase. The -acetyl CoA 1s then fed 1nto the
tricarboxylic acid cycle where it 1is presumably further

l.,1969).

oxidized to carbon dioxide and wvater (Weeks et a
it has been suggested, but with nc supportive 'evidence,
that carnitine transports long chain fatty acids across
toe bacterial meabrane as it does in the
mitrochondrion(Overrath et g;., 1569) . Since the time

-

or this postulatio‘ievidence has been accumulating to

&
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1bdlCate thndt the transpert ct lonyg chaln tatty acids

1uto  the cell 15 Ly a JLOCess callea vectcrial
acylation. The enzyme Lespobsible tor thls pLOCess 15
ACyl C(CA  sydthetase and 15 tound to  be pertrane

4dL50Cldtee with  two activitles. Tbﬂ r11st 1s that ot
actlivation ot the long chain tatty acid and the second

15 the tilanspcrlt 1nto  the cell ot the cleaved acetyl

JLoup (Kiean €t al., 19771).

Long chaln tatty acids, 1in jparticular those greater
14 chain length than (12, have been shown by some
woirkers tc have antiktacterial activity, particularly
dyalnst Gra® fpositive bactéria. For 1nstance .tbe
MlC (M1nimal labibitory Concentration) ot
cis-9-octadecenoic acid for [Eacillus megaterlupg was
touhd to be 0.05 wM or 13.4 wmg/1l and that of

nexadecanoic acid was 0.3 oM or 78 mg/l. None of the

sLam negative microorganlisns tested including

-1
PSeudomcna

fen
I

a€ruginosa were inhibited by concentrations
up to 1.0 mM or 200 mgs1l. The inhibitory effect camn be
Leversed éy the addition of either calcium, magnesium Or
cholestercl (Galtraith et al., 1971). However, there 1s
no 1informaticn relatiné to the inhibitory effect of
combipaticns cf long chain fatty acids, especially 1in

envircneental situations. Antibacterial activity and

. 4
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SBuc uptake ot lony Chaln tatty aClds hdve been tound  to
s

'V - T with 1ncteariny ac1dlt ahd  calrton cha1n
A

7»4:‘ Legth, It these experiments the long Chain tatty acid

~ b
¥ e
a'i Uy take W Cell  ansuClated  1ather thdh 4 Lesult ot
¥,
AT
3?" mlbtlace]lular transjort ot the  label. That 1s, the
T ‘
. Qruet le@dalned with the ori1gindal da¢1d but was physically
S
2 budlid to the Cell  cuftace pdthel  than vectorlally
"“;ﬁ
”@, Cylated, tLansjported abid Betabolilzed to
: e

§ aletate (waltrarth  and Miller, iyl3b). These aquthors

i

“alto tound that the tactericidal daCtlvity Was adversely

’ -
Lt

atlecCtea ty alkdaline earth metals such as Al3+, Fa<+ and
e, salltrtalth and  Miller (1973a) attriibuted the
brasitivity ct lbacterldl cells tc 4 membrdane association
UL the lony chaln tatty d4cid tcllowed by some mewmbrane
Jdisiuption. The 1ncreased sensitivity ot ptdm Fositlve
ceals was due tc the high 1ute}nal Osmotic pressure,

L,
whlCl fesulted 10 the Lupture of the cell (Hugo, 1967).

4V. lncidence ¢t long cuain tatty acads.

——— i _—— = - o e i e

In general homeothermic animals and plants contain
Bixtures ot saturated aad unsaturated-'long chain fatty
4C1ds. Usually these acids are esterifiM glycercl
tv glve triacylglycerols which 1in nmost or;;nsils are

sturage tats. khite rat livers, tor lnstance,lcontaln

mostly triunsaturated triacylglycerols with the acyl

y



cuolponent Lernyg rot tLe rest jalt Cle=—Y-0Ctdadedenold
avad, ltollewea by C1:,01:-b,%-cCtddecaalenuarc weid  and
e AaddeCadNolC doeld. tolkiletherlmlc animals living at low
teidpelatules  delelally have a hlghel concentration ot

]
dhiodtuUlated tdtty 4clus which tend to lowel the  @eltiny

qoint - ot the <ctordaygye tdat, This ailows the cCell
cowponents to Le@malh liguid dat lowel
tempelature (Lenanger, 197U;00latrne, 197¢) . Kuminant

Sluldye tat cCrntaln: mostly saturated long chain tatty
4C1ds,  plesupably any diletdiry unsaturated long chaln
fatty  dacClus woulua be birohydrcgenated by Lusen
bacterla(Lawscn and Kemp, 1974).

‘e Frocaryotic soulces.,

Leng  chdin  tdatty acids jpresent 1n procaryotes are
simllar 1D Ecst lespects to these tound 1n eucaryotes.
begyradation <t long chaln‘atty acids 1s carried out by
sl@lldl enzyme seqguences, the €xception being that the
L1 st enzyme 1n the E-oxidative sequence, acyl CoaA
syuthetase, 1€ cell smembrane bound i1n the procaryot and
mitrochondrial assoclated in the eucaryot. It 1s
gJenerally considered that bacterial lipid systeas dc not
coutain di- apnd triunsaturated octadecanolcC acids. The

»
mopounsdaturated voctadecanoic acid present 1s often not
Cis—Y-octadecanoic acid or oleic acid but rather

Ccis—11-octddecenoic acid or vaccenic acid(Leninger,

19y70;60ldfine, 1977). Other unique 1long chain fatty



acaan have Leen detected 10 bacterla such as p—hydroxy
Caiboxylic acius and Cyclojproepatie containiuyg long  chan
latty ;vxns. A cyclojptoupdne long chdin tatty acid 1s
oo cobitalning o doubie bond between the the Y and 19
Catl Lol dcror s which g wmethylelie group has teen added
thus IJmeng 4 ¢yclopropane yroug. The jtecursor lonyg
Challl  tdtty dc1d tol cycloplopdne lony chaln tdatty acid
rtoitmation 1s jlesumably ci1s,c1s,Cc15-9, 11, 15—

oCtddecatrilenclc acid with subsequent hydrogenaticn ot

the lemallilhyg unsaturated bond after the addition ot the

wethylene greug {scldtine, 1972).

It wculd appealr that some definite aifterences and
50Be €1l@1ldlltles ex1sts between procaryotic and plant
cucaryotic long chain tatty acid synthesizing or

tiansfport systeéms. «In terms ot certain unsaturated long

Chaln tatty acids, procaryctes have only
Ccis—11-o0ctadecenoic dcid whereas eucaryotes contain
Ccl1s5-Y-octadecenoic 4dcid, cis,c1s-9,1 1—octadec1519noic
acid ana c¢ig,c1s,c1s5-9,11,15-o0ctadecatrienolc aciq.

poth procaryctes and plants however contain hexadecanoic
ac1id, c1s—9—ht§adecen01c acid and octadecanoic acid thus
giving scme degree of saimilarity as well(Goldfine,
1vy7Z;Leninger, 1970).

3. 3ewage effluent sources

It has Lkeen estimated that as much as 12.5% of the

orgyanic material in sevage effluents are lipids and long



Challh  tatty alClids, ot which, Lwo thirds dle

e xadecdnolc, CCtddeCdnolc and Clis—=Y-0oCtdadecenolc
aclds (hdlter, 1yec1). (thel worlkels have touna that
Lhese 3 loug chdailn  ratty acids were bresent at total

coliceutrations ¢t 7.0, 0.61 and 34.5 mg/1, Lepectavely,
LL anaerob1c¢ and aerobic treatment eftluent dhd rav
vastewater (Visvanathan et 4l., 1964). Hunter and
nuukellk1an(1965) have 1ndicated the existance of 4
tlasses of lcny chain fatty acid containing lipid 1n
sevayge; free tatty acias, glycerlde(dcylglycerol),
rhospholipid and detergent tatty acads. These authors
stdte that glycerade and free tatty acids consixtute the
@dajor components of sewage lip1d wmaterial. 1In both

Caves unsaturated long chain tatty acids predominate.

]

-_—— - A . - — ——— —

1. Extraction techpiques.

- — . e o

Total 1lifid extraction techniques can be divided
into ¢ categories. The ftirst 1is partaitioning in a
Separatory tunnel which is acccmplished by shaking the
sample with solvent follcwed by a standing. period to
dilow separaticn into 2 Phases. Alternately, heat and a
rerlux apparatus or a Sohxlet apparatus can be wused to
extract the lipid material (Radin, 1969;American Public
iealth Asscciation, 1971). all Systems use either a

@ixture of @scderateley polar and nonpolar solvents or



1o
houpoldl sclvents dlcne.

«. Detection ot lonyg chain fdatty acids

——— e e -

-

The deiectlcn 0f tree lcny chain tfatty acids 1n
simple sy:;ens usually 1nvolves solvent extraction
toslowed by eather thin layer or paper chromatography.
}ucse Sefardations ale done with ease 1n that resclution
1> rapia and there 1s little 1nterterence due to
coatdaminating ccmpounds. The long chain fatty acad
components 0t a4 mixture ot lipids caﬁ be separated froam
the mixture ty thin layer and reverse phase
chiromatography. There is, houe;er, no liquid
chromatcqgrarhic technique that vill =separate the
individual lcpg chain. tatty acids. The detection of the
iong <chain fatty acid areas on the develofed
chromatogram can be achieved by spraying with iodipe or
sulturic acid (kadin, 1969) or protopérphyrln IX(Sulya
and Smith, 1960).

D. Spectropbactometric methods.

o o e By ot . e —— —

After extraction of lipid material the total long
chain fatty acids present in a sample can be estimated
spectrophothetrically by reacting ¥with Rhodaline
g:uranyl acetate to produce a dye ccmplex which abSotbs
11ght at a wavelength of 545 nam(Nackenzie et al., {967).

»

The dye has a high affinity for long chain fatty acids
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ald torms d4 stable complex with them. Thele are
ald@ltation:s  however, the dye complex 1s only active 1n
noupolar solvent and the dnalysils ylelas cnly the total
long chaln fatty acids present.

C. Gas liguid chnromdatographic technigues.

—_——— e,= - - ——— - —— v - . e ot

The wmost detinitive methods tor lcng chain tatty
acid detecticn, resolution dna estimation utilize the
gyas liguad chxcndtcbxaph. Methyl esters ot the long
Chaln tatty acids are jprepdfed and 1njected onto a
coiumn cobtalning an lnert sufport usually coated with
dqiethylene glycol succ1nate(£arrlngton and Quann, 1973).
workerls have found that this method will detect the 3
@ajor long chain ratty acids of sewage effluents,
ncxadecanolc, octadecanoic and c1s-9—octadecén01c acids

(halter, 1961;Viswanathan et al., 1962).

-

Propblems have occurred in reléting the peak area
trom the detector response to the relative
concentrations cof the individual fatty acid species. It
nas been observed that there was a linear response
between peak area and concentrations of individual fatty.
acids within a sample, therefore any one fatty acid
methyl ester can be used as a standard . for any
other (s) (Ettre and Kabot, 1963). The range of fatty
acids wused Ly these authors was from octanoic a;id to

cis-9-octadecenaic acid.
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Metnods have been published 1n the literature that
"will separate the lipi1d components and the long chain
lLatty acids pIesent 1n a "sample. A @method wutiliziny
coiumn cnromatcgraphy and 'a packing of Sephadex LH
<U(Pharmacla Fine Chemicals) consisting of hydroxypropyl
etner side chain linked to a dextran polymer, Yand an
cluent ot ncnpolar scolvents 15 reported to give
seperation. This method is nct hovever widely used
because ot 1its lou‘recovery and pcor'reﬁilution of the

inaividual long chain fatty acids.

Yi. Occurrepce apd enrichment of salmopellae in patural

- emp M - - e - —— - —
.

Detection of members of the genus Salmonellg. 1in
natural wvdlers .has and will be a problem, since only a
small fraction of the human population are carriers.
Otner ccntributors are .industrial sources such‘ as.
aLvatoirs, chicken and swine processing plants and
contamination frcm other animal carriers such as the
natural fauna(Geldgeiéh, 1970) . The problea then is one
of finding ang ggouingma microbial populatisﬂ that is
lov 1in numbers compared to the allochthonous population.
Therefore a érilary inoculation'éf river uatet.ontd a

highly selectivé solid wmedium will  geperally yield
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hegyative 1esults, Moore (194Y9) 1nitiated the early
S\UE

studies on the jrcolem of retrieval and concentration of
24480nella sp. He dtVlbéd a4 swaL that was ajproxismately
gCa square consisting of bandaging wrapped 1n a strong
CodLse yauze attachea to a cord to tacilitate sampling.
torlowing saspling the swab was i1smediately placed into
a selective sedium. This wmethod has been used with
llltl; moditication by many workers with a highoC of
adbcebb(Ch@[[) et al., 197.;Spino, 1966; Dutka and Bell,

1973;Yoshe-FPurer e al., 1971;Kampeimacher and vVan

[Tad

Noorie Jansen, 1973;hyan, 1972).

Attempts have been made tc enumerate the nuabers of

salmonella <E. Eresent 1n aqueous environmental
sltuations with varyingoC of success. One such

ceéhnique involved the filtering of large volumes of
water ohto celltnetalning memkranes and the subsequent
inoculation ct the mesrtrane to selective medium. The
Most Probable Number (MPN) technique was used where
valying amcunts of water were filtered and the filters
biaced in selective medium. This method bas tended to
ptoduce results comparable to the Moore swab technigque
but with the '.reported advantage of keing
‘ yuantitative (Hendricks, 1971;Dutk3 and Eell, i973). A
distinct disadvantage inherent in this method is that

very large vclumes of vater are required for filtration

and that the portable filtraticn equipment is difficult
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to BCVe 1NtC 1haccesslble dleas,

In  water, the presence ot Salmopella sg. 15
pus1tlively ccorrelatea  with the numbers ot tecal
coiltorms (seldrelch, 16¢06) . Thls 1ndirect method only

lulels the presence ot salmopella sp. (Geldreich, 19¢b,
1970;Van Lopsel and Geldreich, 1971). 0Other workers,
nowevelr, have concluded that there 1s no colrrelation
petween the numbers ot tecal coliforms present and the

uumbers ot Sdalwmonella sp. present (Gallagher and Sgino,

- —— ——

In most cases of sub-clinical salmonellae
inrections, lcw numbers of bacteria are found 1in the
teces ot a carrier. Therefore introduction of such
tecal wmaterial to a sewage treatment process only
turther dilutes the numbers of salmonellae present. The
acore swab sampling techhique increases the chances of
tida} plDg mlcrcorganises fresent 1in water ahd, 1im so
doxng; the [frcblem of retrieval then becomes cne of
enrichwent and selection. Selenite broth has been and
1s still used by nanf vorkers as an enrichment mediunm
Ltor gajlmonella sp. from human and animal fecal
samples(Martan, 1970;Ryan, ‘1972;Wilson and Miles, 1966),
trom sewage (McCoy, 1964;Grau and snith, 1972), from both
natural and fpolluted wvaters(Foligquet and Doncoeur,

[

1y72;Cherry et al., 1972;Coleman et al., 1974) and - from
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Livel dnDd  :stredl :sediments(bendricks, 1971;Van [onsel
aLa oeldreich, 1971) with Li14h9C o©f success. Othet
ehlichment Kedla hdve been usted such as tetrathiondte

broth (Mcecy, 1962 ;Cherty et 1., 1972) v

o

selenlte-Ccystelne broth (Cherry et al., 197.) and

Bannltol-selenite-cysteine broth (Grau and Smith, 197.).

The 1nculation temperature has a marked etfect on
tne viability and subsequent reccvery of Salmonellda sp.
Liom mixed fcCcpulations. High temperatures have Leen
snovwn to be lethal tor onon-salmonellae in ?gBeCtlve
Bedlum. tp10c(1966) has recommenaed that the selective
vroth Ete 1pcubated 4t 41.5°C <=ince he found that
2ai80nella sp. could be detected 1n water vhere the E.
coil levels were found tc be 220/100ml. These results
have been ccnfiimed by others(Van Donsel anhd Geldreich,
1¥y71;Cherry et al., 1972;Dutka and Smith, 1973). Higher
iacubation teaferatures such as 429C(Yoshe-Purer et al.,
1971) and 439C(Grau and Smith, 1972;Kampelmacher and Van
Noorle Jansen, 1973;Ryan, 1972) have been used for

enrichment wWith good success.

3. Detectiop of salmopellae in enrichments.

Ihé detection of Sajmonella sp. 1n enrichment
-Bediu@m hbas hgen“lade on a large variety of solid media
such as Ss-agar, EMB agar (Wwun et al., 1972)and brilliant
Jreen sulfa agar(Chepg et al., [ 1971), bismuth’ sulphite

agyar (McCoy, 1962). It appears that many of the methods



LoL  Salmcneila sp. 1solation dre equlvalent in
¢IL1Cleucy and that selection of 4 proceaure depends to
a idlge extent on persobal preference (wun ¢t al., 1977).
Method: tor the 1dentitication c¢f the resulting colonies
tenads to tollcw the biochemical schema laid dcwn by

cawaras and Ewing (1972) which, as they recommend, 1s to

ve tollowed Ly sferotyping,
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MATERIALS ANL METHGDS.

\

The Livel sample €1tes were chosen 50  that the
©lleCt of kdscnton and 1ts domestic sewage ettluent dgjon
Lue - North sSdaskatchewan river ccould pe evaluated. In
4dd1tlon, acCcess to these sites was possible throughout
the sample year. The 1nformation given 1in Table 1
u:bcrlbes thSc 3 sites. Normally the North
Sdaokdtchewan river at 15 St., a site upstream trom
camonton, 1s frczen tor approximately 5 ®months ot the
Yedl beginning, for exaample in 1973, on November 15 with
tinal treakup occurring on the evening of April 21,
1974. leca bridge is a site downstream from Edsonton

central channel was continuously open

waere a bark
throug l1ce conditions. The 1ce at these

ately 3 feet thick where samples vere

sltes

taken. dates were determined so that all
5

eVents d g over the year could be fully described

Dy the pa rs laid down in tbié study. The Edlghton

aomestic s effluent, 6 feet before entering into

tne North katchewan river, showed little change over

the sampli year (Table 1).

Samples from the source waters of the North

saskatchevan river were taken during the summer. In
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vrdef to Cculpdleée tue Juality Ot the r1ver 4t the coulce
with thdat at 196 St. d4nd Vinca bridJe sltes, wdatel and

ovdllient saBple were taken during the summer ot 1974,

The tollcwing plates are photogrdphs ot the saample
Lites  used throughout this study. Plates 1, <, 3 and 4
shuw the scuilce, 150 St., domestic seWayge effluent and

Viuca bridge, Lespectively.

li. Sample ccllection.
4. Water sgsples.

Surtace North Saskatchewan river water samples were
taken at 4 point where the ©rCiver's depth was

a} pIOXlRately > teet. Sampling was fperfcrmed 1in this
WdLDel Dbecause the depth ot the river changes, thus, a
surface sample would tend to standardize the procedure.

Tue aepth of : feet was found to be the optimal wcrking
depth for sampling vhen wading 1n the North Saskatchewan
river which 1s a fast flowing river. Three, 4 1litre
admples.of surtdace water were taken at the same time and
rrom an identical point ui£hin the river. All water
samples were ccllected by immersing the container in the
Ltiver water with the opening tacing upstrean. To
minimize kacterial growth, samples were storeda>at or
near 1°9C 1n an .ité—uater filled i1nsulated coutainer_
until bacterial analysis, apprcximately 4 hours ‘later.

city of Edmcntcn sewage effluent samples were obtained
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PLATE 2

A PHOTOCRAPH DIPICTING THE SAMPLE SITE

~~

STRIIT O T NORTH SASKATCHEWAN RIVER






PLATE 3

PHOTOGRAPHS DEFICTING THE SAMPLE SITE AT

THE EDMONTON DOMESTIC SEWAGE EFFLUENT SITE
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PLATE 4

A PHOTOGRAPH DEPICTING THE SAMPLE SITE AT
VINCA BRIDGE ON THE NORTH SASKATCHEWAN RIVER
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tiom the tinal e€ttluent channel 4qbout b6 teet Ltefolre

contluence with the North Sdskatchewan rivel.

v. Sedlment samples.

————————— o abA e

Sediment samples wele obtained wusing a 4 foot
section ot 8 inch didmeter poly vimyl chloride pipe,
serrated ¢cn one end. Cn the other end 2 diametric holes
nad been cut to facilitate 1nsertion of a bar. The
assembly was lcwered into the water where the depth was
slightly less than 3 feét, rotated by means ot the bar
ald fpressed 1nto the sediment to a depth of
approximately 8 to 10 inches. The water overlying the
sealment was removed with a pusmp. Samples were then
taken with a scoop takiné care to obtain a core of
sealment which was not contaminated with seepage water.
Samples were stored 1in an ice-water . slurrf until
analysis. | This method was chosen since the sediment in
this river is heterogenous to the point where small

coamercial sasplers such as the Eckman dredge would not

close.

1l1i. Sapple bapdling.

All water samples vwere shaken on a rﬁg;ﬁtocal
t . o
shaker at 278 reciprocations per ain for 5 minutes.
This vas fcllowed by a 5 minute sedimentation pegiod to

obtain unifora particle size in the aliquots tdf%ﬁ‘!br -

-~
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aalysis. Aligucts for diluticn tor wmicrobiroloygical
duhalysis ana fcr dry weight purposes were takem at the &
cu depth. Subsequently 2 litles were poured trom each
sample s1te replicdte 1nto a4 comBoD contalher and stored

at —209C tor chemical analysas.

Sedrment =zamples were handled 1n a similar smsanner
With the «xceé€ption that the shéklug period vas extended
to 15 minute 1n order to remove attached wmaterial. In
ordaer to have some similarity cf treatment between water
aud sediment a volume <c¢f 10 ml ct mixed sediment was
transferred tc a dilution tlank marked at 100 =l and
ri1iled with 90 al of diluticn butfer. This was then

considered a 1,10 dilution of sediment.

1v. Physical amalysis.

Sample dry weightgy vere obtained by drying 3 saafle
Leplicates at 859, followed by dessication over
/

annydrous calcium sulphate cr fhosphorous pentoxide

until constant weight was achieved.

Temperature was taken in Situ vhereas pH was taken
poth 1ipn §itu and upon arrival at the laboratory. There

was little differenceé between the tvwo pH measurements.



1. Sample diluticn  and  plating tor  bacterial

—— . o —

All water sapple airlutions were made 1o cold (.3 =M
rhosphate tutter, PH 7.2 (Amerycan Public Health
Association, 1971). Sample aliquots were dlispensed 1n
U.1 @l amcunts to each of 5 plates of TYA for the total
count and to TYA plus sodium octadecanoate (TYA+FA) for
tue long chain fatty acad ntilize[s. All agar surfaces
were covered with the sample aliquot wusing the spread
ridte technique.

"

R
TYA or tryptone-yeast extract-acetate agar has the

toilowing coaposition and a final fH of 6.9-7.3 after

sterillization.

v
Tryptone (Lifco).......2.0g"
Yeast extract(Difco)..2.5g
Sodiun acetate........0.2g9%
Agar (Cifc@)......uuu..15.0g
Hater.-..-&..--.-0-0-01 llt[é
All TYA plates were incubated at 259C for 4
aays(COlenén €t al., 1974) at which time a differential
count wvas perfcrmed yielding the total and the pigmented
counts. Plates for the enumeration of the long chain
ratty acid utilizers vere incubated for 10-14 days at
<459C  (100% relative %ﬁpidity); A total count was then

pecformed to yield the total lomg chain fatty acid
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utirlizing ccunt. The method 1s described in a later

seCctlon.

In crder etect long chain tatty acid

non-utilizers pated TYA plate trom the total

count analysa a plated to TYA+tA ana TYA agar

plates. pLe incukated at 25°9C for 10 and
4 days, The position and characteristics
or the co uced on the TYA plate were then
compared produced on the TYA+FA plate. All of

only ¢n the TYAR plate wvere

the coloni Pwing

cousidered chain fatty acid bpomn-utilizing

cultures(iAN

——— > — it o - o -

All lcng chajp fatty acid utilizing 1isolates vwere
picked and st . 10 Balntenance culture consisting_of
nutrient agar ( lants with deep butts. In many
cases this | .eduré maintains a higherC of viability
than lyophilizaticn(Antheunisse, 1972,1973). The butts
weire stabbed, the slants streaked, the tubes sealed with

plastic caps and stored at 25°C.



lai. Detectaon o1 long chgip fatty aciad utilization in
ii4u1d culture Ly a4 lipase producing P, aeruginosa ATCC
gl

P. aeruginosa ATCC 90.7 was grown at 259 1n
tijptone-yeast extract—acetate broth(TYB) for 48§ hours
on a rotatcry sg%*er at JU0 rfpe(eccentricity 1 inj.

Tiyptone yeast extract acgzate broth has the tollowing

composition and a fipal pH ot 6.9-7.3 after

sterilization.

Tryptcne (L1fco).......2.0g

Yeast extract(Difco)..z.5g

Sodius acetate...e.... 0.29

Natel cueaae ecesesceasal litre

The cells were harvested at 4°C by centrifugation
at 10,000 rpm for 15 min. They were vashed 3 times in
cotd 0.3 =mM fphosphate buffer [H 7.2 (American Fublic
Health Asscciatiom, 1972) and finally resuspended to a
Q:ensity ¢t cne absorbance unit at 600nm (corresponding
to ajpproximately 2.6x108 cells per nl). Duplicate
tlasks Aéontaining either 0,50 or 362.5 ug/ll each of
sodium hexadecanoate and sodiun octadecageate plus 250
ml of TYE were imoculated with 1 al ofﬂghe latter cell
suspension and incubated under the following conditions.
All flasks were shaken on a rotatory shaker at 300 Lpa

tor 5 days at 259C with daily removal of 5 al sasples.

The samples were acidified to pﬁ;%l "With concentrated
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uyarochloric acid and extracted by refluxing for 4 hours
with 4 times the volume ot chlorcform—methanol («:1}).

lue lower chlcrofcrm layer was 1rLenoved. The aqueous
layer was washed 3 times with 20 ml volumes ot the
solvent, the lcwer chloroform layers removed and pooled.
These chlcrctcrm layers were dried under nitrogen and
the residue divided 1nto 2 equal porticns and assayed
tor lipia materzal ard 1long <chain tatty acids. The
I11iSt assay 1nvolvea the oxidation of the lipid material
vy alcﬁronate(Saito and Sato, 1960). The second assay
was for the aralysis of long chain fatty acids using gas

ligyuid chromatography.

The utilization of long chain fatty acids by P.
deiuglnosa ATICC 9027 was contirmed b§ foilowing the
metaboliss of 14C labelled long <chain tatty acids 1in
Lti14uid culture. This technique 1ipvolved adaitionsjof
4u0 mg per litre each of iuuiforlly labelled(UL) 14C
soalum hexadecanoate and uL 1eC sodius
octédecanoate(speciiic activity 12.5 DpPH per Bg;
Amersham/Searle Corp., Arlington heights, Illinois,
U.S.4a.) gpdrYE at pH 8.0. 1This mediun//was inoculated
with 1 ml cf washed and resuspended P. gg;gg%eggg cell
piLeparation and incubated at .15°C. ‘The inoculated
med iun ‘vég Vsparged vith filterx sterilizedlair a:h the
etrluent gases passged through a gas uashiﬂE

portle (Fisher Scientific) containing a saturated



sulutiron ot tarius hyditoxtde (Fashetx tegagent Jlade) to
tiap  catton  dioxide.  hduloactlve barius cdirbondate was
acvlatied te ¢g ph 1 with concentrated hydiochloric acad.
lue V% ¢drpcn d1ox1de Wwas tlusked  1nto phenethylamine
cudlting tlula (Woeller, 150 1) . The 14C content was
dt[tlﬂlmsj usiuy dan Isocap  sLU Ligquid Scintillation
luotilulent (Nucledl Ch1¢aygo) uzt; subsequent colLrection
il yuenching. 1The etticlency ot thls tragpping

Wao . d«tv[nln;q by aciditfication ot 4 known weiQhed
agount ot sodlum bicarbonate with concentrated
nyarochloric acad. Any carbcn dioxide released wvas
tiapped 1n the gas Washing bottle contaibnikg saturatéd
vatlum hydroxaide. Precipitated barium -<carbonate was
Littered, aried at 105° and weighed. The 1loss ot
bdiLlum  catkcpate was Z.4% 1ndicating that the gas

tidpplng system was $7.b% efticient tor tragping carbon

dioxide,

1V,  Detection of bactegial utiplizatiop ot long chain

in order to detect bacterial wutilization of lpng

Chalfl tatty dacids, a medium consisting ot TYA pLusffatty
‘1 - i -
acid was used but with the pH ajusted to 8?3\uyth sodium

i

nydroxide Ltetore sterilization. The " basic pH was

lecessary to stabilize the added sodium octadecanoate as.

the salt. TYA agar plates containing 1% v/v sodium

.t
.



vltadecdnoate  were  1n0culated with P. detuylnosga ATCC
yuo ! dand 1ncubated at 059 until U.H to 1.0 ¢cB  didmetel
cuiobles had developed, usually taking 10 to 14 aays,

fucubated jlates were then sprayed with a 1:1  solution
ol hhodamine F:uranyl dcetate dissolved 1n various
ulydanlc solvent's. Thils redagent reacts with long chain
1dtty daci1ds and 1s used 1n pagper and thin layer
cniomatography(Mackenzie et al., 19567). 1he solvent 1n
thls reddent extracts the lcng chain tatty acid and
Jives é unifcrm color reaction acrosé the plate which
would not allow detecticn <¢f 1lcong chain fatty acid
utilization. The method of Sulya and Smith(1960) was
tested which 1nvolved the use ot an acidic solution of
ptotoporphyrip IX dimethyl ester(Sigma chemical corp.,
Saint Louls, Hlsséurl, USA). This reagent reacts with
i11p1d and long chain fatty acid to produce a brilliant
read chromagen when viewed under wultraviolet light,

nowever, when applied to the medium used in this study

toere Wwas DO reaction,

It was observed that when a TYA+FA plate 1noculated
with P. aerugiposa ATCC 90.7 was allowed to dry to a
thin layer the cclonies afppeared -almost transparent.
After remcving a colony a clear area was expoﬁap in the
agdr directly wunder the preexisting colpﬁ?l The

suirounding medium remained translucent. This suggested

that 1t a thin layer of msedium was used there would be
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Little distance Letween the grewing ¢clony and tne
vottom Ot the plate. Thus, 1t utilization ot the
Substrate ccculred, the medius would clear directly
Uudel a utilizing colony. To prevent dessication ot the
Bedlum, wdtel saturated air was 1ntroduced 1n0to an
iocubator. ADn air system was designed such that air
rdused  through an air stone submerged 1n water and was
veuted to the 1ncubator chamber. To obtain the thin
dgar layer, 1t was found that 13 ml of medium 1if
Qlspensed dt a te-perﬁgure of 80°C would cover the
bottom ot a petri plate. Following pouring and rapid
cuoling the fplates were inverted and 'cur;d' at rcca
temperatufe tor 3 days. Such flates were 1noculated by
spreading 0.1 @l aliqucts Qisr the surface of the
Bedium. These plates were then dried at rooa
temperature fcr 3 hours and incubated in the 25°C
lncubator. Ictal counts of colonies growing on TIA+FA
plates yieided the total FAU bacteria present. In each
sasple all cclonies growing on the TYA¢FA plate used for
this count were piéked apnd rplaced in wmaintepance
Culture. All plates were then bathed in a buffered
salts soluticn (dipotasium hydrogen phosphate 7,0g,
fotassium dihydrogen phosphate 3.0g, ammoniua phosphate
l.ug per litre) containing 1.0% Triton X-100 (Weeks et
al., 1969) for 4 hours. The cclonies wvere then reaoved
wich a glass spreader. Areas directly under the

colonies showed clear zomes indicating wutilization of
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the lonyg chaln  tatty acid. This abilaity ot such
colonles to use long chain tatty acids was contirmed by
tue producticn ot '4C carbon dioxide frcm 1eC latelled

’

iong chaln tatty acids.

V. Determipation of the optimal copcentration ot sodius

PP .1 e e e e e . o -

(oncentrations ot sodium octadecanoate varyiqg from
U.¢01% to 1.0% w/v were added to TYA(pH 8.3) prior to
sterilization. The medium, after autoclaving, was held
at ajproximately 809 and disgensed as previously

outlined.

A river water sample taken from Vinca bridge was
ailuted, 1ncculated to TYA and TYA+FA plates and
incubated as previously described. A total coumt and a
count of the cclonies <clearing the TYA+FA vwvere
acetermined and compared to the tctal count on thé TYA
plate. Photographs were taken of one TYA+FA plate both
vetoxe and after colony removal to reveal the difference

. g
in the typical characteristics of the plate due to

bacterial actiocn.
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Yi.  bacterial classificatjion.

The Characterization prccedures used tor each
l1solate were sufficient to clabélty them to the generac
level. A Characterization key similar to that uced by
plaise and Arastrong (1973) and westlake et al. (1974) was
used wi1th scme slight w@odifications to contcia to
bergeys Manual of Determinitive Bacteriology, 8th

editicn(Buchanan and betoﬁs, 1974) .

All 650 1solates were characterized by determining
thelrt GLas reaction, oxidative or fermentative
utilization ct glucose, oxidase test; tlagella
dliangement and colonial description. The Gram stain
used was a modification of Hucker's method as described
in  the Mapual of Clinical n1crobiolqu(Blair et al.,
1970) . Oxidase activity was detected by the additiomn of
a 1% solution of M,N,N',N'-tetramethyl-p-
phenylenediasine dihydrochlcride (Eastman Kodak Co.,
kochester, NY, USA) directly to the growing colony as
outlined in the Manual of Clinical Microbiology(Blair g;
al.,1970). Glucose utilization was observed by the
production of acid and gas in Board and Holding (1960)
medius. In crégt to test for glucqse utilization, a
duplicate 'series of 5 al deeps of the medium wvere
stabbéd with the isolate to be tested, obne tube ¥as
incubated aerobically and the seccnd anaerobically in a

¢as—Pak .jar .with the appropiate gas generating
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system(Baltimcre Biological (o., Cockeysville, Maryland,

Jsa) . All cultures were 1ncubated at 25°9C for S days.
rlagellid patterns were deterained by election
BlCroscopy. Cells trom a tresh exponentially growing

I¥Yo culture of the 1solate was placed on a copper grid
Ltor tlagella ocrservation. The cells cn the grid were
toen stained with 3% phcosphotungstic acid and viewed
under an electron aicroscope. The grid had a size ot
4uu mesh and was formvar (Ladd kesearch Industries Inc.,
burlington, Vermont, USA) treated and carbonized. The
electron micrcscope used was a Phillips model
<UU(Phillips flectronlcs Industries Ltd., Holland).

Atter okservaticn of in excess c¢f 100 1solates, flagella
eXxdamlination was discarded since the other
characterization tests would feramit differentiation ip,
ROSt cases ta fhe genus level. The follouing insert was

the key used to characterize the bacterial isolates.
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GLUCOSE
CULOKk OUXILASE AERO ANAERO FLAGELLA GENUS OR FAMILY
Lleam + A - Pclar Pseudomonas
CLecam - AG AG Peritrich Enterobact-
€eriaceae
Clean + AG AG Polar Aeromonas
Crean + - - Polar cr Alcaligenes
Feritrich

Cleanm tor- Aot~ - - Acinetobacter
Yellow + Aor- - ¢or-Polar Flavobacteriua
Yeilow + A Aor- - Cytophaga

- - — s e G i et e

29— 5 P93

A modification of the Moore swab technique was
c@aployed in crder to detect the presence of galsopella
SP. in the environment. The svab consisted of 2 inch
squares of cctton batting wrapped in a fine dacromn gauze

covering and stapled together. A 10 foot <cord vwas

* attached thrcugh the center to allow suspension cf the

swab. The site vas sampled by placing the swvab in the
current fcr usually 0.5 or 1 hour(4 hours was used in
the case of the source sample site). After the
specified exposure tiame ghe swab was removed and placed
10 100 a1l of filter sterilized selenite broth (Difco),
returned  td  the laboratory (iendricks, 1971) and

1£cubated’in a y;ter bath at 439C for 48 hours (Grau and
Smath,  1972;Ryan, 1972;Kalpelhacher_ and Van loorlé
Jansen, 1573). Following incubation, 0.1 al aliguots

vere streaked on 5 plates of fresh Wilson and Blair
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vismuth éulphlte(saltlmore biclogical (o.) agar. The
pidates were 1pcubated at J37°9C tor 46 hours (McCoy, 1562).
lypical salmsopellae colonies(dark brown) vere pibked and
1boculated on to plate count agar, streaked on a urea
dgal slant, sSimmons Citrate agar, 10% lactose agar
slants and stabbed 1nto a Kliglers iron agar deegs(all
Dirtco products). The tubes were 1incubated at 37°C and
tue reactions at 24 hours were ccmpared to standard
Cnarts (Edvwards and Eving, 1972). All suspect isolates
were tested against polyvalent Salsonella O antiserua to
confirm the biochemical tests. The isolates vere
supsequently placed "1in serogroups and serotypes by the
staff at the Provincial Laboratory ot Public

ncalth (Alterta).

Chlo:ofoxl-néthanol, <:1, 1ig reported to be tﬁe‘
best general laifpid solvent for the extraction of amost
prid material with the'éxce;tion of a few complex lipid
speclies (Schmid, 1973)f In natural systeass such as the
North Saskatcgeuan river long chain fatty acids will be
present as salts since the [H in the river is usuvally
around 8.0. There will, at the same time, be

hydroghobic associatioas ot.thé long chain fatty acids
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with the <cell walls ot procaryctes and the -cell
pcabranes ot €ucaryotes. To determine if any long chain
tatty acids ﬁe[e assoclated with cells a samfple cf the
bamonton sewage eftluent was filtered through 3. 0.45u
Cellulose tilter (Mallipore  Corg. Bedford, Mass.

U.5.A.) tOo remcve most procaryo€ic and eucaryotic cells.
Lbhiorctcre-methancl 1lipid extracts were made from
acidifiea (pH 1.0) filtered and non-filtered sewage
etrluent sasfles. Sepafatoryt funnel and a reflux
extraction techniques were compared for lipid recove!&.

The separatory funnel partitioning was done using three
<u ml changes c¢f solvent followea by the pooling of the
lovwer <chlcrcoform layer. The pocled chlorofora layers
vere dpied under a stream of  nitrogen. The reflux

technique was carried out in a 500 ml round bottoa flask

*
4

counected tc a water Jacketed condenser. To okserve
l1pid recovery, the filtered and unfiltered samples were
1ntroduced into 2 separate Elasks along with 4 times the
volulé of solvent and boiling chips. Thé saaples to be
rerluxed , were ‘heated for 3 hcurs at 61°C folloved by
partitioning in a separatory funnel. The water iayer
was vashed with 5 changes of the solvent and thg lover
layers were pctled and dried as previously described.

Aii samples were assayed in duplicate for lipid material

usang a dichrcmate assay procedure.



iit. Dichromate assay ppocedure tor lipid material.

The methcd ¢t Saito and Sato (19bb) tor the amalysis
or lipid waterlal was used with a slight modification.
That 1s, sabmfples were concentrated by flash evaporator

due to thear low lipid concentration betore solvent

extraction.

The nitrcygen dried extracts obtained from the
extracticn frocedures were heated at 859C for 5 minutes
1n the presence o0t a dichromate reagent (potassiun
dichromate 1 g, water 10 ml and concentrated sulfphuric
acid 190 al). The solution was cooled to Loos
telperature 1 é wvater bath and the absorkance a£ 670 na
was compared to that obtained with a standard of
octadecanoic:.acid. A linear relatiodship between 1lipid
content and the absortance at 670 na was found ﬁith
concentrations up to 500 ug of 1lipid per assay
‘tupe (Saitc and Sato, 1966).

\

11i. optimization of the reflux extraction method,

The relationship of reflux tile. to the maxisua
llpié reléage was detetllned. Aliquots of the refluxed
sample vere taken and assayed by the dichromate ;etbod.
A ¢ hour reflux was determined as being opti;:l and

subsequently used throughout the river study.

-
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iV. Bacterial metabclism of '*C labelled long chaan

-t -

FAU 1solates were transferred frca the maintenance
cuitures cptc TYA agar 1incubatea at 259C. This wWas
tollowed Ly transfer ot freshly grown FAU 1solates to
TYo and 1ncutation for 48 hours on a rotatory
shaker (eccentricity 1 inch) at 300 rpm at 25°C. The
absorbance of the culture determined at 600 na uSing al
ca light path was found -to be 1 unit. This was
egqulvalent to about 10° p. aerygihosa cells per 2}.
Fitty ml ot TYE plus 150 mg ot 14C carboxyl lakelled
sodium octadecanoate(specific activity 7.33x102 dpm/mg)!
were placed im a culture vessel. This was 1inoculated
with 1 8l cf the FAU cell susgension(froa the TYER) and
derated with filter sterilized air for 72 hours. The
vessel's effluent gases were passed- througg a gas

washing bortle(Fisher scientific) containing saturated

pacium hydroxide. The carbon’dioxide trapped as bariua

carbonate was released into phenethylamine as described
previously. The resulting solution wvas counted in a
i14uid scintillation iastrument (Isocap 300, Nuclear

Chicago).

V. Apmopia abd 9orgapic ﬂl&&%ﬂﬂ apalysis,

A standard iacro—Kjeldahl procedure(llerican Public

dealth Association, 1971) wvas used to determine both

£
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d@monl1a and crganic nitrogen 1n ak$) Liver and sewage
ettluent’ calples. The pH was adjusted to 7.4 with
phoshate bufter 1n 300 ml river water samples or 1in 50
ml sewage effluent samples. The amamonia was distilled
aad trajped 1pm a boric acid sol;tion. To deteimlne the
oryanic nitrogen the samples were digested with
suiphuric acid and pota551;l sulphate untal all organic
nitrogen was digested. The pH was raised and the
dbnonia distilled and trapped in bcric acid. Residual

poric acid was determined by titratiom with standard

sulphuric acid.

Vi. Carbobn apalysis.

- s e - o e — —

13

’ The inorganic and tot;l carbcn content of all water
Sadples wele determined by‘the City of Edmonton Sewage
Treatment Plant laboratory, The method used involved
Heatjing one sasple at 150°C and measuring the amount  of
carbon dioxide groduced. A second sample was heated to

950°C and the carbon dioxide measured. The amounts of
i

t éarbon dioxide froduced froam the first sample was an
Ipstinate of the 1norganic carbon and the second sasple,
‘the total carbon (Emery et al., 1971;Maier and Connell,

L1974) .

-
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Vii. Lony chdln tatty

The chlcrctorm layer trom the reflux extraction
procedures was evaporated to aryness under a stream of
pitrogen gas. The residue, dissolved 1n a smail awount
ot tresh <chlorotorm, was transterred to a 15 ml round
vottom tlask and then dried undetr pitrogen. A
tiabDsesteritication procedure was employed to produce .
toe methyl esters of the lcng chain fatty acids. The
Leact1on Blxture consisted of the dried extract in the
iound bottoer flask to which was added al of
nenhanol(flsﬁex Scientific Co. certified ACS grade), 2
dasops of concentrated sulphuric acid and a boiling
stone. Tbe tlask and contents were heated to 559C and
gently refluxed for 2 hours using an air condenser. To
remove the methanoll and the esteritied fatty acids after
the reaction was complete, the flask was washed twice
g;th water and once with n—-hexane (Fisher Scientific Co.
certified ACS grade). Any residual sulphuric acid
present 1n the n-hexane layer vas neutralized by washing
with one 3 sl volume of 0.2M jotassium bicarbonate and
py two 5 ml water washes. All aqueous layers vwere
discarded. The resulting n-hexane layer containing the
methyl esters was dried by the addition of anhydréus

sodium sulphate and the solvent evaporated under a

streaa cf pnitrogen(Given et al., 1§73).

Prior tc Gas Liquid Chromatographic (GLC) analysis,



49

the ariled methyl e€ster €Xxtrdct was taken up 1n 100 ul ot
methylene c¢bloride(Fisher Scientitic Co. certified ACS
JLade) . Atter the pethyl estel extract was dissolved, 5
us Wele 1njected antce the GLC tcr analysas. Standards
wele Lupn tc determine retention times of the methyl'
enlels, The stapaard used had an approx1naié
coucentration ot 1 ug pér 5 ul for each ester ct the

tollowling mixture:

Methyl decanoate .
Methyl dodecanoate
Methyl tetradecanoate
Methyl hexadecanoate
Methyl hexadecenoate
Methyl octadecanoate
Metbyl octadecenoate
Methyl octadecadienoate
Methyl octadecatrienoate

For quantitative data the 2 fol;oyihg standards

were used which were of analytical quality:

Methyl tetradecanoate at 1.25ug/5ul.
Methyl heptadecanoate at 10.00ug/5ul.

Ali tatty acid methyl esters were obtained from Applied
SCLencé Lakoratories Inc. FO Box .440 State C(College,
Penna., 168C1, USA. A lipear relationship as described
oy Rtre and Kabot(1963) existed between the relative
peak areas and thg concentrations of the latter 2 methyl

esters(Methyl tetradecanoate and Methyl heptadecancate)



U bepPatate aralysis.

The methyl «ftels  wele  sepdldted  Usihg a4 glass
column eoentalning  a  phdase ot 1%  «thylene glycol
HUCClbate Oon a4 suppolt ot Cchromosorb P, AW 160/ 1.0
ovoh (Chromatogidphic  Specirdalties, %Lockvxlle, Ontario,
Caftdda). In1tially, the column cven temperature was
1sothelmal  at 1509C tor b aminutes post 1njection.
Tewpelatule progranmiiy was started to 1nClease 4t  a
Llate ot 5.9 el mipute until a tinal temperature ot
1709 war tedched. The 1909 temperature was maintalned
ubtls the tinal wmethyl €stel wdas eluted. The
teapelatute  cf both the 1njectcr olock and the hydrogen
Lid@c(F1D) detector was J509C. " Carier gas(nitrogen)
11o¥W 1dte was held at 060 ml/minute, hydrogen flow rate
¥as dat 39 ;l/llnute and ai1r flow rate at 240 al/minute.
411 ygazes were were dried beforz use. The column had a
leugth ot b6 teet and an  1pternal dilameter of Uma.
newlett-Packara (Hevwlett-Packard, San Diego, California
¥¢127, U.S.A.) 1nstruments were used. The.Gas Ligquid
Lhromatogrdaph model 5700A was ccoupled to a model 3370B

lotegrator and a model 17503Aa single chapnpel reccrder.

Visl. [Flow data and sewage dilution cate,

Discharge data for the North Saskatchewan raver
were obtained trcm the Water Survey of Canada (1973 and

1974) and data for the Edmonton domestic sewage

4 | 7



sticaltment plart trom the Uity ¢t bdmcnton. The data
obtdlhied  yave dischdige lates 1nh cublc teet pel second
aund 10 mi1lliop gyallons per dday tor  the 11ver and  the

seWdye tleatment plant, tespectively.

in crder tu oObsetve any didution eftect the

lhiotdahtaneods dilution rate ot the Sewdge ettluent was

[}
Calculated ly the tollowingy equations:

SeWayge diluticn rate=SD/ (KD x 0.529130)
where SD 1s sewage discharge in 10¢
gal/day and RD 1s the river discharge
1n cu tt/sec (CFS). The constant 1s .
derived from the transposition of CFS
to 10e galysdday by the following
equation.

CFSxb.c4xb0xv0xld4=gallopnsx 10¢/day.
where the second tera is the
cenversion c¢t cubic feet to gallons,
the third terna and fourth ters
converts seconds to hours apnd the
ti1tth terma converts hours to days.
The dilution rate 1s the 1pstantaneous dilution
tdte based <¢pn the figures glven which are average
feadings tor the day 1n question and not necessarily the

daiution rate at 4any particular time during the day of

éampllng.
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All s1ter were sampled 1n traplicate ana each
5ua@fple plated tol bacterial c¢cunts 1n qulnté}llcate.
fuc  guaintuplicate plate count ddata was subjected to the
Nailmov test (halsel, 1971) which objectively removes
uatd that 1s cconsidered 'runavway'! or not clustered at
p=uU. 05, In ¢¢ woihg, the mean becomes more clustered
dng  has less vdliance dux to the determinate elrol.
lhl1s procedutle then gives 3 means of the sample site
vacterlal ccunte., To obtaiu the overali mean bacterial
count tor @ sd¥fle site the 3 means are tested by
abalysis ot variance. The standard deviation 1is
determined trcm the analysis of variance and 1indilcates

the, Lrandceness of the bacterial numbers found at the

sauple site.

All measuled parameters wele then interccmgared
us1ing the =imple correlation coefficient (Sokal and
sonlt, 1969) tc determine the degree .0of relatedness
vetween these raraameters(correlaticn). The correlation
coefticient (r) 1s determined in this procedure. If the
L term 1s squared the coefficient of determination is
thus derived. In effect this latter r squared tera
inaicates that prcportion of the total variability which
was due to scEe linear relationship existing between the

< parametelrs 1n question. The remaining variability was
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duv  to sowe unexplalned tactor(e) which 1s(ale) usudlly

Cailed 'experimental error'. >



LESULTS AND DISCUSSION

A. BICRCEICICGICAL.
t. btilizaticon ¢t iong chain tatty acids Lty lipase
ghoducing k. gderuginosa ATCe 0.7,

Losses ot lipid material tiom TYB medium containing

1noculated with E.
o

There was an absolute loss of 180

uctadecancate

dale shown 1n Table 2.

ag ot lipida material over a 5 day period. Background

TYp wedium lipid levels vwere sukbtracted froam the lipid

E’évels 0t the octadecanoate containing TYB. Recovery of

daded lipid saterial was a probles in that only 90% was

Ltecovered frcm the zero time sanplé. That 1s 250 mg/1

were added and only 4<5 Bmg/l vere recovered. These

lesults vere based on an average of duplicate assays.

Ine data  1ndicates that the disappearence of 1lipid

Baterial started within the first day. Evidence is

given 1n Table 3 to show that F. gepuginosa ATCC 9027

4oes tak@rup and metabolize the long chain fatty acids.

-

The 14C labelled fatty acids in TYB result

Fresence ot

-

carbon dioxide when

xn‘the Froduction
inoculated with

lncubation period
as 1*C  labelled
producing P.

utilize

‘aejugingsa ATCC

long chain fatty acids.

ot 14C labelled

the wmicroorganmise. During the 5 day

50.7% of the 14C label wvas recovered
carbon dioxide. Therefore the lipase

9027 can hydrolyze and

This microorganisas was
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thoerefore used as a positive control sgpecies,
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soug chain fatt

Many atteapts using rhodamine B:uranyld acetate
complex dirsolved in various organic solvents failed to
detect ditferences in long chain taity acid
coucentration within solid -medium after the reagent was
spiayed on the agar surtace. The rhodamine E:uranyl
aCetate reacticn was tested using only a ~1?ng chain
tatty acid solution giving similar results to those
described fcr the spectrophotonétric method as outlined

by Mackenzie €t al.(1907).-

A second sethod tried was a modification of that of
>ulya and S|ith(1960)invblving the .use of an acidic
solution ctf prctoporphyrin IX. This reagent forms a UV
light detectable ccmplex with long chain fatty acids.
However, no differential reaction was obtaipned when TYA
ayar coptaining sodius ocatadecandage inoculated with
the test micrcorganisa uas';prayed with  the reagent.
Agar afpgears to be an excellent dquenching agent since
the reaction ;roduced.uith fatty acids wvhen spotted onto
‘caromatography paper was similar - to that tepogte by

Sulya and Smith(1960).

1t was cbserved that a TYA agar plate containiag
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1.u% so0dium cctadecanodte ang 1no§ulated with P.

deruginosa AT(C Y0,7 when dried, left a clear area
arrectly under the cclony. Similar results could be
obtaxned in  10-14 days 1ncubation at 25 degrees with
thain agar plate. Typilcal results using this method are
suown 1n Flate 5. The tcfp phctograph shows the 1nmtact
Jrowing cclcnies on TYA agar plus 1.0 sodiunm
vctadecanoate before their removal with the butfered
salts solution containing 1% Triton x-106. The lower
photograph shows the appearence of the medium after the

coionies have been removed.
o .

Thus lo:ﬁ chain fatty acid utilizing bacteria(FAU)
can be deteéted and counted Lty growth on thin TYA agar
pidates containing 1.0% sodium octadecanocate. The effect
ot the lohg chain fatty acad concentration~in the solid
medium on the sensitivity of the assay was tested. Data
rcomn a sabple of Vinca Bridge river water (Table 4) shows
\d comparison of the numbers of fAU gro;ing and the
number cléaring the TYA+FA agar compared with the TYA
total count ccatrol. It was obser;ed that the sodiua
octadecanoate flocculated when at a concentrafion of
less than 0.3% such that 1ts concentration varied
throughout the medium. At concentrations Qteater than
0.35% the agar appea:ea honogenéous. . fhe unifora

‘
distribution of the long chain tattykacid throughout the

piate was due in part to the 80°C pouring temperature.



PLATE 5

PHOTOGRAPHS SHOWING THE EFFECT OF FAU

ON TYA AGAR COE\ITAINING 0. 2% SODIUM OCTADECANOATE
- AT pH 8.0

' UPPER - GROWING COLONIES

LOWER - EFFECT OF FAU ON THE TYA+FA AGAR

)
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Cleariing 20.8 31.9

Crowingg 23.0 35.3
0.5 Clearing 18.¢ . 28.5

i

Groastine 20.6 31.6

0.8
Cleariny 17.0 ‘20.1

Grow iy 20.4 31.3
1.0 Ao
. N Clearing 17.3 26.5

i —

* -

dhe total FAU count of the sanple expressed as a percentace
of the total bactcrial count of that sample which was

65.2 colonics .

* %k
The total m count
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The data 1n Table 4 1ndicates that as the sodiua
octadecancdte concentratiob 1DCle€ases both the nusbers
growing on and the numbers clearing TYA+FA decrease at aq
linear but diftering rate. That 1s to say, as the long
chaln ftatty dcid concentraticn increases the nuster ot
tacterla clearing the medius and the number ot pacteria
j1dwing co  the medium tend toward the same pusber.
lucretore O.:l‘schum octadecancdate appears to be. the
optisal icng chain tatty acid cooncentration tor

sclsSltivity.

Although ‘there 1s a slight difference 1n the
nuabers clear;ng and growing on this msedium it was
subsequently found that the difference was not
btdtlstléﬂily signiticant. Table 5 <contains data
showing that at a p=0.05 there 1s overlap of the

standard deviation ot the mean cf the clearing count and

the Bmean ot the growing count.

It appears from the data presented in this section
tnat a TYA medius plus 0.3% sodium cctadecanoate at pH
8.0-8.3 1s the cptimum medium for the direct enumeration
ot long chain fatty acid utilizers. In addition there
lsAno sigpnificant difference petween the number of
"colonies clearing the sedium and the number that are
—qnouing on the medium since there 1is overlap of the
iﬁghda:d deviation. Therefore 1n future studies the

Colonies growing were, taken as equivalent to the FAU
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cuunt. A similar concluslon cannot be drawn tor the
sudlul octadecancdate concentration ot less  than Ul 3k
silCe  Cleallny cdnnot by detected at these low lceny
chaln  tatty ddd cohncentrations. Theletore this
technlque  will wnot difterentiate the long chaln datey

dC1d tolerant tacteria tiom the FAU.

bacterial counts throughout one

ill. Suptace water bacterlal coupts thiou e
paliple yeal gt 156 St., Ldmopton domestic sewgyge

pep iy P N.1 004 -— e ——

The total Lacterial count at 156 St. varies as
cxpeCted during the sample year 1n that the winter
munths‘shou a decreasing count which drops to a level of
1.4-3.0x1073 ;ACrcorganxsns per =ml  of surface wvater.
Aithough the latter ¢ounts are for water under total ice
cover conditions littie difterence 1s seen between thea
ahd those pbtalned on 6/9/73 (Tables 6 and 7). During
Llicakup arcund 2z/u/7u. tge total count 1initially
1ncleases about (00-fold and reaches a 400-fold value on

’fa/u/7u. Of turther i1nterest i1n thls respect 1s the
tdact that cob ¢z>u/7u the {:veE discharge was greater

»
than 8.2x10‘° li1tres per dax whereas on 29/4/74 it was

govn to a discharge of slightly greater than 5.7x3010
titres per day(Table 31). This may indicate a possible
yrowth of the population present during this period

s10Ce the micrcbiological-load is tvice as great as that

L]
A
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0L the latterl date ana the dischdaryge 15 about one halt.

vy the time mid-summer 3. Leached the total counts dare
Lack  to 4 level that hag been previously tound ae 156
>t. dnd  Vinca bridge saBple s1tes(Coleman et ail.,

1974 .

In naturally occuirring water, Flgmented bacteria
vobstitute 4 large ftraction ot the total bdcterla(dones,
1Yy1o;Coleman £t al., 1974). The pigmented bacterial
count represents ga Lelatively ccnstant fraction ot the
total count at 156 St. (Table 6). In general the Fay
count 1s about 1-5% ot the total tacterial population at
this s1te. These results compare favourably with those
Lesults tcund lreviously for water sasples taken during

tac winter(Coleman et al., 1974) . L))

The sewage effluent counts (Table 7) show little
valldtion 1n the numbers or bateria present. The total
count 1s relatively constant, showing a level of around
110 per al, with the exception ct the sample taken on
<4/1/74 }here the count was greater than 1x107 per al.
Ihis situatior occurred during a pulse loading F[roblen
Yacere the attached grovth present at the aer;tion step
sloughea off and this resulted ip the high bacterial
counts 1n the sewage effluent. High ccunts persisted
Lor about 2 weeks until the System equilibrated and
Could subseéquently handle the hev input. | The pulse

loading occurred as a result of the’vastes’ froa packing

Y
v

¥
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doUsey Delly ‘le—Luuted to the dcmestlC Sewdde treatment
vlant (Table 7;. " The observed constant nuabers 'ot
bacterld jresent 1n  the sewayge ettluent are prcbably
Jependent to a ldrge extent upon the Bore or less
colustant , tesperature and. nutrient concentration of the
system. The taxinum temfpetature variatlion wds 4°C over
the year (Table 31). Pigaented ~bacteria constitute a
Leoser fracticn(20a) of the tdtal ccunt 10 the sewage
eltluent as ccampared to the river water at 156 St.

sample site. 1The FAU bacterial puabers present in the
sewage cttluent are always 2% ot the total count. Thas
Bdy sugygest ‘that 2» ot the total bacterial cells present

have a secondary ability to wutilize long chain fatty

acids.

‘ There ajpears to Le apprcximately a 10 told
luCrease 1n the total count 1in the Vinca bridge samples
as conpar;d to the 156 St. samples throughout the
sa@ple year. 1This 1ncCrease in Lacterial numbers 1is
possibly due to the effect of the sewage effluent adding
tiesh nutrients and prosoting growth of bacteria in the
Liver. Thére 1S one de1ous exception vhich occurred at
uzeakup(zz/a/7u)‘vhen all sites saspled show the same
magnitude of counts. The level at 156 St. is sliéht{}
nigher that that found at Vinca bridge(Tables 6,7 a;d
8) . This higher count is probably due ‘to a decrease in

velocity of the river water at- the latter site with
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SUbsequent <cedimentation ot the bacterial cells along
With the fparticulate aateraial. At ‘;nca bfldge the
Liver chaunel 1s wider than at 156 St. and thus the
Vvelocity of flow lower. These increases in total count
are expected 1n the river because of the runoff water
4dding nutrients and cells. The slightly lower increase
10 the total count ooserved in the sewage eftluent 1is
pOLS1bly a result ot high bydraulic 1loading due to
thawlng conditions Lesulting in a decreased sewage
deiedtion tiame. The saimilarity of total bactérial
counts at the s sample sites(22/4/74) may reflect the
dverage total bacterial count of runoff water. This
situaticn 1s short lived since the river rapidly retu;ns
to the prévicusly Observed ditferences im bacterial
caounts between upstream and downstrean Edmonton.

iv. 1 Eoduction of 1s¢ labelled carbon djoxide from

I3
D

-3¢ labelled gctadecanoate by FAU.

Generally, all of the FaAy isol;tes tested could
produce in excess of 2500 DEN of "C.labelled carbon
dioxide from 1°C latelled sodiis octadecanoate. The
aethod used yielded qualitative results- sincé the
inoculation was not standardized with tegard. to cell
nunber;. The réﬁults in Table 9 indicate‘thgt‘isolated

FAU's can utilize octadecanoate when cdppaged to an

uoinoculated control. . There is only ah inferemce here

e
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taat all the FAU's 1solated during the entire study can
utilize <cctadecanoate since only 5.1% ot the total were
tested. However this list of gehera 1s a representative

spectrum cf those 1solated.

V. Classitication of FAU bacterial 1solates tros the

R e a e T w e ar  wr s  amaen e o o e -—— —

<

According to the 8th edition of Eergey's Manual of
beterminative Bacteriology the génus Agg;gggggggé; does
not exist. The wmembers of this genus have been
primarily distributed amongst the genera Acjinetobacter

Ea

The tests used would not sefarate

i
.

and Alcaligene
meabers of fhe genus Agiggggggggg; from the geénus
ianthomopas since they both Bmay be oxidase negative,
nonfpigmented and oxidatively metabolize glucose. This
was considered and any microbial isolate with the above,
characteristics were placed in the genus‘ Acinetobacter
since XapthcEcnas sp. are usually considered to be

- W o i e

plant pathogens.
' : - .

Table 10 contains the taxdiblic data of the long
chain fatty acid hixlizing isolatés froam the 156 St.
saaple sité‘ throhghoﬁt’ the sample year. The 'genus
Pseudomopas ;xedo-inates with the exception of .thé
sanpie taken dn 15/7/74. In ';Eis saaple there are.
vgteéter nusbers of  both the family gésg;gggcte;;ggggi

aﬁd the genus Ag{g;ggg§. A few isolatles “of ;thé. gehds

A I : | * | L .'
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-

Acinetolacter were present 1n sasples taken on 9/9/73,

- - - —

M/11,/73 and <9/4/74.

The sewage etfluent data shows tew, 1t any
tiends (Table 11). The genus [Eseudomonas ajfpears to
dominate during high sewvagé treatment plant tlow(Table

'\51) ‘uhlch cccurs 1in early April. Generally the ta;lly

L4

clterobacteriaceae predominates alcmg with the genus

———— s

Acloaonas, Eoth groups tend to be diluted almcst to
extinctlon‘or disappea; during high hydraulic locad on
the sewage ‘treament plant occurring 1in spring thaw
couditions (April). EQLSEQQQSSEIAQEEQS SP- and
Agromonas sp. dre tacultatively apaerobic and they can-
survive the treatment plant's anaeYobic phase whereas
Pseudomonas ;L.H would be tend to be eliminated through
competition. Under conditions cf high flow rate however
the fetention time would be reduced in the anaerobic
portion ot t;eatleqt thus allo&ing Pseudoponas sp. to
survive. g;gggiggggg Sp- are also F[present at low
levels throughout the sasple year with soné éxceptions.

The} were .Lcn—detectable in samples taken'on 11/11/74
and 15/7/70 although representing a major fractionm on
41/5/74:' It .vould appear. that this genus is less
lmportant than that of Aegromonas sp. or the fanmily
tprergbacteriaceae 1in the sewvage system as FAU. The
genqgrgg;ggggbgggg; sp. also appeafs to be a ainor

compenent of the FAU in the sewage effluent as they are
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Huvel pLesent at concentrations greater than

o. 1% (9/9/17:).

-

All microtial genera tound at the Vincg bridge
sal@fple s1te fuggest that the water at this site 1s
plimarily a ‘1xture 0t the sewage eftluent and river
Wdtel tros the 156 St. sate(Table 12). Generally the
coatent ot the genus pPseudomonas is fractionally }ess
than that toupnd 1n either the sewage effluent or 156 St.
sample. 1he difterence between Vinca bridge and 126 st.
'sabples 1s wuch less than that between the sewage
etilluent and Vinca bridge. There is_%ittle change in
the fractional distribution of the FAU populatiepn as the

Liver passes thraugh Edmonton although the absolute

uusbers do 1ocrease. The family Ent

€kobacteriaceae are
: , , . ‘ 3
elther absent at Vinca bridge or are reduced in fraction

as conparea tc the sewage effluent, indicatjng either
’uziut;on cr killang after discharge ‘of ‘the sevage
errluent to the¢ river. The genus Aeromopnas on t%e other
ndud cshows little fractional change when conpaiqng thé
sewage eftluent with Vinca bridge or 156 St., possibly
acabers of this genus are adaptive in the 3 differing
s;nple sites studied. Other’lesser represented groups

show considerable variation indicating that they are

possibly less important as FAU.

There 1is a séuage effluent dilution factor to be
;
considered where the. sevage effluent enters the North

o
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saahatchewal 1avel ., A calculation ot the  dilution
’ X .
vitect on the pupbelr:s ot chteprobdctel 2dCede at Vincad
aaebele b EHLeL 0Lttt
LE L e l“dl(d{:& that the numbels have only been

decledued v the dilution tdctor. There 1s no gircwth of
this wmictoblal group duiriny the spLlhy  alid  Lulimel
wouths, however duilny leate tall ana the winter acoths 4
Hiaght put nct si1gniticant decreass 1h DUBbels OCCULlsS.

fuis dylee:s. with plevious LLbbLthlUH%(COlvmdn et ai.,
I974)  that the E. cull count  jpeaked  in the river

JleeCctly atter bdmenton tut was tollowed by tdairly tapid

decllne 1o nuslers turther dewnstieam.
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seWdyge ettiuent and Vipca tridge sample sites,

The fi1r1st 3 sample dates are not entered in Tables

13, 14 and 15 si1nce at that time the classitication of

<

tuc long chain ta$ty acid non-utilizlng MiCroorganisas

vas NOot cglrl1€d out. €n later samples all such 1soclates
v
{

welre placed 1n stogk culture for classification. The

jenus Flavokacterlum 1s ty tar the most prominant rembbr

- - - - -

ot this grcuj. SinCe special medium was not wused to

check tor g¢liding wmotility there 1s a possibility of

coufusing the genus Cytophaga with the genus
Flavolacter1lus. Although determination of flagella

darLangement wcula have aided 1n thelr separation 1t was
’

-
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dlscontinued  lLeCduse Of eXxCessive nuabels Ot 1solates.
nowWwevel 1L OLVIOUS caifs whele Ccytcphayga showed typical
COLUHL%} torsation due to yliding motility the 1solate
;Ab th;n Class1f1ed as a cytophaya.

The sample flte at 156 St. (Table 13)  ygenerally
ShowWws at lras} all €qual distributicn ot ditterent genetra
ol non-uti1li1zers when ccmpared to those tound at Vinca
vridye (Tabhe 19). senerally, a greater traction ot
rdyBented tyjes Wele plLesent 1in the£ vater 4as compared
tu those piesent 10 the, sewage etfluent (Table, 14). The
jenus  Alcaligenes dgain represents a noticeable tut
1ol tractiop of the population as 1t does 1n the case

vt the utilizers. An unexpected observation was the

tact that the genera Aeromonas, Pseudomonas and

-

uon-utilizers. This was unusual since the FAU 1include,

d5 a ma jor fraction, representatives of these 3
genera(Tables 10, 11 and 1Z). M1Crococcus sp. are a

gJreater fpircpcrtion ot the FANU as compared to those
present 1n the FAU. One ;solation of the genus

Arthrotacter was made on c2/4,y74. This idemtification

——

was confirmed by following the -life cycle. Cther
Y .
plymented varieties could be of this genus but were not

specifically tested.
A



/

Vii. LuBdparlison ot bacteridl counts 1n the ggg£‘§#3

Since sediment talfles are only obtained with great

dirticulty during 1ce covetl condltfous sedlment andlyses
wele limlited tc the summer perloq.' Data trén the 150
ot. dnd Vinca bridge si1fes suggest that the total count
1> a4 100U-101d kigher 1n the seciment as compaied to the

f

LUL1dCe Wwatel wheén expressed on a volume basis. Thils 1s

¢
si1d1lar to the results tcuna previously(Jaunasch,
19v0;Coleman €t al., 1974). The source sample site

nowever showed only a 59—told 1ncrease 1n the sediment
as Ccmpared ta the surface ";ter(Table }b). These
lesults ate s1silar to those found previously(to{eian et
al., 1974) . TCuring sampling of the sediment at 126 St.

1t Ltecame obvious that there were 2 type$ of sediment.

une consisting ot small rocks, gravel, sand and silt(SED
1) and another consisting msostly ot coarse sand with
some silt(SEL ]I1). The data in Table 16 clearly shov§
that there 1s almost a 10-fold difference between the
vcouAts io SEL II and SED I. The larger rocks present in
sty I were almost entirely covered in algal drouth and

other attached material.

Vinca bridge sediment 1s glossly comparable to the
seaiment of SED II of 156 St. The sediment at Vinca

oridge contained a 1000-fold 1increase 1in _ bacterial
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4
cuounts as ccepared te the surtdace watei. Thils 1ndlcates

vither 4 larger surtace alea tc volume ratio in this
4

' ”
sediment o1 that the sediment could sSogport 4 largel
bacCtertal {c;ulatxon ds CccCmpaled witn the sediaent ot

S5cD IT1 at 1%6 St.

The sedisent at the guUrce haa a coarse rock and

e N

glag1al tlcur composition. ~13}a1 count data tros this
location suggests thét‘fhece is a 50-fold 1ancrease 1n
bacterlial nusters 1n  the sediment as compared to the
water. There 1s some similarity in the ratio “ot the
sedlbent to water counts here with those found at the

8 -

Iob st. sample site (SED I).

Although the PVC pipe used 1n sampling the sediment

mlolimized the sugface water contamibation there may have

Ppeen  some  seegage and so}ﬁ) dilution and thus
‘ )

cqgte*xndtlpn ot sediment bacterial specles with water
speCles. Contamination, hovever, was difficult to

determine.

Tad
e
[ 23
o
Te}
-
1%

|

fre
[
=}
O

fa
tilizers and the nop-ytilizers found 1in sedimen

Pseudomcpas sp. predcminate in the sediment at the

- - o

source of the North Saskatchewan -river and comprise the

eatire fopulation of FAU in the water at this site(Table



1/) . Uthet Je€nelda jlesent 10 the sedi@ent  at  this
toucdatiul ale AClnetlobactel alid Alcallgenes COBpL1lsing
the lemalnilng 10x» and /0% ot the tctal FAU populaticn,

Lespectively, i seudomonds sp. may pe selected for by

tne  high deration and low temperature that are

ClhadldcCterlstlc ot thls section of the rivel.

A ¢d1f3erent pattern 1S tounq 1L the water at 15

ot. where the genus Aeromonas predominates closely

toslowed by fEseudomonas sp. There are low levels ot

Wedbels Ot the tasily cnterobacteriaceae and the genus

o L it —— e e .

aicaligenes fcund here. The seaiment at f56 st., on the

oo gi—gegiie Py

othel hand, generally contains higher numbers cf the

tacultative anaerobes such das Aeromopas Sg. and other

chteLobactepilaceae, The black color of the sediment

N Ea e - Rl e m -2

observed at the time oOf sanﬁilng is presumably due to
the action ot sulphate reducers. In general, the -genus

Acinetobacter are not found as long chain fatty acaid

—— e i > —

utilizers 1in sediments except 1in the source’ sediaent

sample(Tatles 7 apnd 9).

The water at Vinca bridge ycontains the  same,

Lcpresentation of genera that are found at 156 St. but
with a slight increase in the numbers of ggronggég Sp.

at ‘thé apparent expense of g§ggg§292§§ sp. Data froam
the sediment cn the other hand at fhis location presents

a totally different picture in that the FAU present are

\\sttely facultative anaerobes (40% Aeromopas sp. and
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LUms Lihtergobactellacede) . This jossivly letlecte the

¢llects of the bEdmonton sewage tleatBent plant ettluent

dpul the 11vVerl bdctellals.populdation.

°
As tcund 1n wdter dt othel s5aBpiing til@es,~- the

\¢
gewus Fildvobacterlum piedoBibate dat  the pre-tdmonton

salple s1tes in poth the sedlmelit and the watel. They

lepyCesent the majority ot the 1long chain tatty acaid

uon-utilizers (Table 18) . Alcaligenes Spe and
Aclhetobdctel S are also present 1n relatively low
lumbels as Cccmpared tc the Dnumbers of p1gmented

ritavobactelr1ius §£; present. The water at Vinca tridge
cobtains a similar aistribution of FANU whem compaled to
150 st. location with possibly a slight enrichment of
‘tne numbers Ct Aclpetobacter sp. at the expense of the
Flavobacteriup sp. However, the sediment at Vinca
virdge shows a ccmpiete change when compared to« that of

150 St. or the source in that the FANU ale complrised of

yUua Alcaligenes sp. and 10% Aeromonas sp.

facultative anaerobes are not present 1in either the
sedlment or the wWater 4t the sSource sample site.
Members ot this group beccme 1increasingly prevalent ,1a
the sediment at 156 St. and more prevalent on the water
and sediment dcvnstreaa from Edeonton ét vinca bradge.
The source is the qply site where the sediment bears any
simllarity to the Qater in terms of the bacterial genera

present.
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ih. SalbBonella 1soldation. .

The  original methcd ot valsonella sp. Letlleval
ILul Latuial waters a5 describea by Moore (1948) Wds
@oultiled slightly to suit thls study tor ¢ reasomMs. The
SWab 5 1lde ua:' LeduCed to mlhimlze the entlapBent ot
laiye deblils., Ccntadt time wds varled luversely with
tue tlow tate ot the aquatlc cystem being sampled.  The
LWub Wdas suspendea  tor  bhalt  an hour 1D the sewageo

eilluent and tor an hour 1n the rlver sSincCe the water

-

veloclty 1n bcth cases wds dpparently gfeatex than that
1L the sttem csampled by Moore. Althoudgh there uasfa
vely rapld flcw rate at the source it was sampled tox’ 4
nouls since the bacterial population was low and there

Wwas less probability ot the-prese€nce ot Salmomella sp.

- o o -

senerally, Salmonella specles were not found 1n river

- e o -

water. There was 1 exception where Salmopella 1ntantis

was isolated at 156 St. on 3/6s74¢ and at Vinca bridge

- 3 -3

ou the tollcwing day(Table 19). *Previously, Salsonella

alachua had Leen 1solated trom the water at Vinca

vridge (Coleman et al., 1974). Water from the. source

[}

sample site yielded no Salmopella sp. by this Eethod.

iniee positive isolations were obtained out of 8 samples
oL the sewage effluent. Two different specles were

1§olated tros the same sanple(29/4/7a). -1t appears that

¢

there 1s a sporadic discharge of Salmonella sp. from

- ——

tuc Edmonton domestit sewage treatment plant, This

* ~
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HSULyyests that ‘(l(hﬁl the CcCCUllence ot Salmonella 5.
1 not jredictable of the  campling  mpethod 1u bot

vhtilely eltectlves

C. CLHEMICAL.

p—
[}
re
>
-
-
%
r
[as
(™
c
-~
”
.

-
=
[

[V

ic

i

149

1

e
tee
e
i~
Lo}
[Iad
e
IC
[
[Ied
1a)
e
ic
(Iad
1o
h—
I~
=%

A comjdlative study was done 1n crder to evaluate
vallous methcds ot lxpld extraction. Three ditterent
pluCedures were used. The methcd used by the City ot
Lumonton sesage tieataent plant laboratory and involved
soxhiet extraction using Dn-hexane 4s solvent. The
@e Lthod ct E. Fedorak, of tyls departaent, which
utilized 4 Scxhlet extraction’ technique using Freon
Tr(l,1,2-tri1tluoro 1,<,«—trichlcroethane) as the
soivent. Chlcrotcrm—methanol reflux method was used 1n
this study. The appllcatio; of these methods to the
ailalys1s of a sample ot Edsonton domes$ic sewage
¢ittluent yrelded <<.2 mg/l, 15.3 mg/1 and 28.6 ag/1,
lespectively. Differences between the analytical
methods used are probatly due to solvent
cuardcteristics, that 1s, difference 1n their boiling
points and dielectric constants. The differences could
410 lie in the assay used for lipi1d material. The Caty

ot Edmcnton and P. Fedorak's nethodé involved a

grLavimetric frocedure for analysis of the residuegﬁﬂﬁ:



Wihuleds d spectrcephotometilc sethod was used 1n thas
study. A COBjarl1so0n O6 the Ietlux and separatory tunnel
catraction msethods was also caitiled out. The retlux
Wethod was superior 1n  that more 1i1pid materlal was
cxtlidcted . the this method as compared tofio the
51Bple sejatatery tunnel extraction proceaure (Table 20).
Tavle (0 =shcwe that the ettect ¢t tiltering the dcmestic
sewage effluent with an C.45u tilter 1s to remove 4about
11a ot the lipid material as determined by the
aglchromate assay. bkoth <cell tcund 1lipids and those
vound by hydrcghobic lboteractions to particulate
Watellal dle &cst llkely removed by the filtration step.

tutute dnalysis did not 1nvolve tilltration since the

total lipad prcfile was sought.

Ou the tasis o0t these results acidified saamples
wele dssdayed fcr lipid material and long chain fatty
acids using chlcroform—-methancl solvent and the reflux

pethod. = P

{

The maxi1sum amcunt ot lipid material was released
diter 3 hours of reflux(Figure 1) and showed no
subsequent change up to 6 hours. In order to facilitate
the handling cf a large number of samples a 4 hour

rerlux tise was used in all lipid analyses.
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FIRARL 1

IFITOT OF REFIUY TIM UPON THE REIEASE OF LIPID

The sanple was refluxed at 61 degrees 1n
four volumes of 2:1 chloroform methanol. The
lipid material was that material dissolved 1in
the chlorofom‘ layer and was quantitated by

the dichramate assay.
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li. Abalysis of oLth Saskatchewan river Wdater and
1 1 { Lt Livet a

The total lipids(Tables (1,cc¢ and 23) vary over the
sdbple yeal to such an extent that no i1nterence may be
diawn as to thg//signiticance ot this analysis. The
dc[lhltlon {f/ lipid material 1nvolves the oxldatlon of
auy chemical specles that are present in the river and
soluble 1n  the chlorofore-pethauol solvent systenm.
Lip1d material may incliude pigments, sterols, vitamins
as Well as «cther 1long chain fatty acids such as the
cyclogropane and b-pydroxy fatty acids. Therefore, the
arsay, as defined, 1s of little use with respect to long
cuall fatty acids. As Lest as can be estimated 1n view
ot this dssay limitations 1t apfpears that 5-28% 6t the
total lipid saterial may be long chain fatty acid. The
cxception was the period when pulse loading occurred
where a signiticantly higher fpcrtion of the lipid

aaterial was fatty acids(394).
L 2

The tctal of the long chain fatty acids present at
tae 156  St. site show little change in concentration
trom the amcunt found at the Vinca brfdge sample
site(Tables 'z1 and 23). This indicates that the sewage
errluent has little effect on the fatty acid content of
the river water. The fatty acid content of the sewage

ettluent is shcwn 1n Tables 22 and 25. It was found
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anpr e Total o Total
Date e 7 Lipide” .o
(/97 12,900 1077
P, 10, 300 811
Ja/ 10 7,900 )'308‘)
2748774 3,300 . 540
22/4/74 6,400 1695
29/4,74 - 3,400 1092
21/5/74 14,500 660
15/7/74 ' 2,700 482

*

* %

= Anilysis by dichromate assay

= Iong chain fatty acid, analyzed by G.

ol e

(.67

0.174

O . 04()

0.177
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that generaily the domestic seWaye ertluent
Lastantaneous dilution tactor uy the North Saskatchewan
Liver was U.01 (see Table 31). Theretore, the amount ot
sewaye «eftluent derived long chain tatty acid found at
Vinca vridge will be minimal since the dilution tactdr
1s high. It a «calculation 1s wade trom the data 10
lavle 51 the effluent derived fatty acids 4t Viuca
piridge will be at most C.031 mgy/1l or at least 0.005 mg/l
lepresenting 15 and 1.14% of the total found,
lespectively. These percentages being the extreme cases
ot high spring sewage loading rates on low winter . river
Liow and vice versa. The 1long <chain fatty acad
composition cf the chlorotcre:eethanol extractable
materldl as revealed by G.L.C. analysi§ for thne sasmfple
sltes are shoan in Tables <4, <5 wand 26. The sevage
¢trluent <ccontains higher concentrations of unsaturated
tatty acids cﬁmpated to those tound 1n the river vater
samples. The fact that the river wvater rcontains lowver
concentrations of unsaturated fatty acids suggests that
tne etfect ct the sewage efflueng on the river 1is
minimal. Bacterial cells afppear not to contribute
significantly to the total 1long chain fatty acid
concentration cf the river. This was rationalized froa
the fact that dried bacterial cells contaiﬂ, at l6§£L
dDO;t 10-154 1lapid nategial or -about. 15ug/mg dry
weight (Carpenter, 1967). A amg of dry bacterial cells is

approximately egquivalent to about 1010 cells, therefore
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.o pg ¢t lipad paterial will te Contdined 1n about 193
Viable bacterlal cells., The highest [1ver count at 1v6
L. was do1x 1o cellsy/ml o 4.1x10®  cellssl tound on
Lo /874 (Tat b & t,7 an.d B) . This colresponds  to
dpploximdately 459 ugs/1l ot totdas  lipid derived  trom

Viable bacterial cells. Assumiligy that the bLacterial

-4
1ip1d content was entiiely louny chain  tdatty acid 1n

bature then the tacterldal contribution would be U.615
u;/l(only U.14% ot the total). A si1millar calculation
for  the sewage ettluent at the same sample time yielded
1.0 ug/1l ¢t tacteiially derived tatty acaids. Thi1s 1s
iens  U.1k ot the total(1.b9% wmg/l) present 1n the
vittluent at that time. Thils 1s ¢t course assuming that
i1pla materlal 1s entirely long chaln tatty acid. There
Bay be a ccotribution to the long chain tatty acaid

P
councentrdation by dead bacterial cells.

Docdecancic acid(1.:0) appears to be a very ®minor
ttaction c¢f the total long chain fatty acid present an
watel dt the river sites. However, the Sewage eftluent
contains considerably aore on a per volume basis with

tue exception of the samples taken on 29/4/74 where 1t

¥a5 not detected. "’

r
A

Tetradecanoic (14:0) acid, while alvays Leing

r

prLesent, 15 alsc a minor component of the total fatty

dacids present 1n the rkver vater. The sewage effluent

however always contains this fatty acid in a mauch higher
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conCentration.

He Xddecancle acid (1e:0) 15 one ot the BrOst
prevalent lopg chdain tdatty acilds 10 ndtuic, d;palenily
contdined 1n sost ilte torms. 1The actual « concentration
‘ux this ac1d at both r1ver sites 1s Leddrkably coustant'
tuioughout the salple year with typical levels raunginy
tioe about L.0Z2 myg/1l to 0.U8 mygsl, The exception to
tnis was the very high level tcund c¢n zq/1/7u at 156 St.
Ine tall and winter levels are typically around 0.0(
ay/1l wunereas the late s;[iﬂg and summer values range
vetween 0.03S mgy/1l to 0.083 agyl. The sudden 1ncrease

OCCULs 4at Ltreakup(«2/4/74) with the high level belng

maintained until the last sample date (15/7/74).

C1s-9-hexadecenolc acid (1bo:1) 1s usually pfésent in

Liver water throu,ﬁout the sample year with the
\

cexception at 156 St. of the sample taken om 21/1/74.
Ine level tound was approximately 60-70% cf that of the
nexadecanoic acid concentration. The sewvage e}tluent
coutalined puch less cis—-9-hexadecenoic acid relative to
hexadecanoic acid, usually being in the order of 50% or

lecs. v

Both the sewage effluent and the river contain
signiticantly higher levels of octadecanoic acid (18:0)
when ccmpared to that of bhexadecanoic acid, the

dirferences kLeing from 2 to 4 times as much. The only

~J
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exception to this occutled </4/74 where at both 156 ot.

dnh Vinca bridce samjle sites the 1atio 1s revelsed,
tnat 15, the levels ot hexadecanolc acid exceed that ot
OCLad*Q:POIC ac1d. The sewage ettluent <cshowed has no
such dlf)t[ence, malntalnlng a higher concentration ot

vCtadecanolc acid 1n all sasples.

Lls-$-0ctadecenolc acid (18:1) concentration varied
in all sangles taken throughout the year. The 150 St.
slte, 1OL eanple, did nct contain any 18:1 1n the water
quring the susmer months whereas i1t was tounc 10 the
wilntel. Vibnca bridce, on the other hand, contains this
tatty acid orly -after breakug. This suyggests that
quirlng the winter the bacterial population in the river
aqownstreas tica Edmonton may be hyd[ogenatingw1he double
pond to yleld octadecanoic acid or 1is utilizang this
tatty acid(Table <Z6). Fresence of cis—9-octadeceno;c
ac1d downstreas at vinca bridge on 11/11/73 ‘s explained
vy the tact tpat the sediment was disturbed at this time
duc to 1ce flcw conditions. It 1s suggested that this

acid 1s coming from the sediment since the levels at

vinca bridge and 156 St. are the same.

C1s,cis-$, 1z-octadecdienoic acid(18:2) was only
present at toth river sites cn 21/5/74 and at no other
time. This may indicate that if amy of this acid 1is
introduced, which 1t should be since its origins are

from plant material, it was hydrogenated to eliminate
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vithel oL both double'bonub. Thi1s 1s known to occur 1n
the Lumen(Davson and Keamp, 1970). 1The sewade eftluent
Jeuelally dces not contaln any of this acia with the
eXceptlon ¢t the sdmple taken on «4/1/74 when a pulse
ioading s1ituation occulred. Fulking, the [result ot
puise loading, was followed Ly joor treatmsent thus
giving high bdctérldl counts (Takle 7). duiing thas
tiwe, high copcentrations ot long chaipn fatty acids
teudinygy toward the unsaturated 18 carbon vaiplety were

-

observed 1L the sewage eftluent (Table /5). N

t1s,c18,c1s8-9,1,, 15-octadecatrienoic acid(18:3) was
tound 1n the csewage effluent during bulking but never 1in
the river with the exception of Vinca bridge om 21/5/74.
Tnis latter observation when ccmfpared to the findings of
tuc samples throughout  the  year  indicates  this
vpbservaticn d‘ vinca bridge 1s suspect and possibly due

to sample contamination.

nd chewical data fros the
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The sample dry weight varies little between 156 St.
and Vipnca bridge sample sites, in fact there appears to
oeqa slight decrease in the amount present at the latter
site. Thls l1s probably due to a decrease in velocity at

the Vinca bridge river site. The channel width at Vinca

.
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beidge 1nCledses but the discharyge rate does hot Change
silgniticaptly between 150 St. and VibdCa bridge. This
4lloWs greatel sedimentation(Tables <7 and 30). Duriny
Uleakup on <</4/74 the sample diy welght 1pncCreases to
apploximdately twicCe the value toéund for the rest ot the
yeal . The dry welght at the source water sample s1te
Wd s q high . value ot 1450 ag/1. The sewage
¢Iilluent (Takle 28) sample dry ¢ welght varies with 0o
dpparent fattern. The wvalue c¢n 2/4y74 1s bigh,
plesumably due to street runoff water but 1s not not

much bigher than that of the sample taken o©n

15/7/74 (Tatle <8).

Inorganic carbon concentratioas of water at. the
local sample sites varies too excessivly. Therefore tew
couclusions can be drawn from these data. There¢ 1is 1
possible exception, that being when the sewage effluent
tiow rate 1< high on 2274774 (Tables (8 and 31) the
inorganlc carkcen concentration is low, [Fossibly as a
ICbUIt"Ot dilution. The sample taken at the source has
a nlgh value fcr inorganic carbon(Table 33) 1nd1ca£1ng
that wmuch of the dry sample weight is carbonate 1in

nature (glacial flour).

Oorganic carbon values vary more widely than do the
inorganic carbon values. A slight trend, however, was

indicated during the winter months since the

coucentration does drop slightly during this time. Thé€
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sedayge ettluent ddata reveals a more constant picture as
mijht be expected. There 1¢ wo 1nd1c5t10n that the
total caricn concentration i1ncreases within the river as
1t passes through Edmonton , similar to the observation
ol no signiticant change 1in concentration ot the long
Chaln tatty acids. Organic carbon values at the source
salfle s1te present a more disccncerting fpicture 1in that
the level 1s <z.0 mgyl, a higher value than was cbserved

toL the 156 St. sample site during the summer.

The ammOD1l4 nltrogen data does not reveal any
ttend. One might expect an occasional afppearence at
Vviuca briage(Table 29) since ammonida is found 1in the
uomestic sewage effluent (Table 28). AmEonia nitrogen
was not detected at 156 St. except in the sample taken
on 14/9/73 where it was found to be 0.04 nd/l. This
value 1s afpprocaching the level of sensitivity cf the
method cr possibly may be due - to sample
contamination (Table 27). Domestic sewage effluent shows
as expected high levels present with the range being
trom 1.2 ig/l to 21.0 agy/1. Ampmonia 1s very likely to
pe taken uf cépidly by the indigenous river microflora
uyoﬁ contact, oxidised to nitrate ' or absorbed to
negatively charged colloids(clay). The source sa-ple;
as expected, showed no detectable asmmonia nitrogen(Table

33).

The concentration of organic carbon presenmt in the
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watel at the 15 St. site tends to be low, less than
v.7 mgy/1l threcughcut the yedr. The exception occulled on
14/11/73 vwhen the sedisent was disturbed and during
vreakup, J2s/4,74 and s9s4/74. The content at Vinca
vr1dye varles little ccmpdated to 156 St. This indicates
tuat the Ci1ty ct kdmcnton contributes little nitrcgen to
the Llver or that the 1ncreased microbial numbers due to
tuc eftect of the sewage ettluent may neé;bolize the
ulyanic nitrcgen before the vater reaches vVinca bridge.

The sewage eftluent organiC nitrogen vel 1s tairly
cunstant thrcughout the sample year, a range of between
.V mgs/l tc 4.4 awg/l, with the high levels occurring
durinyg s£pLing thaw. Oorganic nitrogen levels at the

soulcCe sample site are very lcw, 0.09 mg/l, a level

a; pLoachiny the sensitivity of the analytical method.

The pH ot the surface water at the 156 St. sample
site changes very little throughout. the year. The
lowest value, pH 7.8, occurred at Lreakup on 22/4/74,
and the highest wvalue, pH 8.3, was found 1in saamples
ootained on 6/9/73 and 24/1/74 (Table 30). The low value
tor the breakup period possibly is the result of the
release of acidic organic compcnents from the sediment.
cenerally, the pH at Vinca bridge is lower than that of
150 St. indicdting a possible influence of the City's
domestlc sewage 'effluent on the river as was found

previously(Ccleman et al., 1974). The louering' of the
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pt at DLtdei 1¢ dlso seen at vinca birldge(Table 3.).

lhe sewage etfluent exhibited a falirly constant ph beiny
lu the range ct 7.4 to 7.9 with the excejption of «4/1/74°
wuere pulse lcading was 10 jroyless and the value wds
7.1, These changes colreldate well with levels ot lcny

Clialh tatty acids tound at this time(Tables <2 and J1).

>

The watel temperature duiilng the summer at the 156

ot. and vinca bridge river sites appear to Le
dp proximately’ equal 0 those found in previous
work (Coleman €t al., 1974). A high value of 18°C on

15/7,74 was fcund 1n this study compared to a bigh at
Vianca bradge of 17°C 1in July 197%f, The temperatulres of
all other river samples varied tro: close to zero under
ice conditions up to the high ¢t 189C during the summer
per10od as previously duscussed. The temperature does
iucrease rapidly trom about zero under ice to 5°C at
spring treakup 1 week later and to 9°C within a further
3  Weeks. The sewage eftluent varies only 49C over the
sa@ple year. The lowest reading of 149C occurred durind
spiing thaw co 2/4/74 and a high of 18°C occurred on
15/7/774. The lowv temperature would be due to{she high
volumes on melt water being introduced to tg;f river

systen. The 1low temperature (29C) found at the source

ayrees with previous findimgs(Coleman et al., 1974).

River discharge varies from a wvinter low of

i' 10182.3x10¢ litressyday on 2/4/74 to a spring high at

x



bivakup Ot Boqlo.Ux10€ litlesysday occulring on «Z/4/174.

{he dischaitge ot the sewage eftluent 1s talrly constant,
the  high tlcw rate being c74.9Yx10® litress/day tor
<e/4/74 and the low rate being 173.0x10¢ latres/day on
1/11/73. This represents only a 31% daitterence(Table
SRE The 1pstantan€ous sewagye dilution rate at
cuntluence with the river varles from a high at bpreakup
ot VU.003 tc a low jJust priot tc breakup ot 0.026. This
15 a4 10—-tcld change 1n the rate of diluticn. Ovelr the
Ltdte  spring té sumser period the dilution rate falls to
d sugmel low cCI 0.0oqfénd drops to a lower value 1n the

/

lail. It the sewage etfluent was contritutang
s1yniticantly to the river 1n any manner then a change
10 parameters should be seen at vVinca bridge when the
ertluent 1s diluted to a lesser e€xtent. This 1s not the
Case (Table 12). To turther add to this arguement, the'
cdibon apnd amitrogen dat;(Table 1) do not show a
siynificant i1ncrease at Vinca bridge during low dilution

peLiods.

On a volume basis sediment long chain fatty acids
shovw a marked increase 1n concebtration of those present
in the water as compared to those present in the water.

Large 1ncrease€s 1in the asounts of di- and triunsaturated



Latty d4acC1ds dle¢ present 1n the sediment as compated to
those present i1n the sediment, (Tatles 34 and 35), with
the amcunts ot all fatty acids beiny at least 4 times as
abundant 10 the sediment. The SED 11 sediment from 156
St. was used as the typlcal sediment at thls location
s1uce 1t was grossly sisilar to the sediment tcund at
Viuca bridge. Sed I at 150 St. had a heavy giowth of
eplphytic algae wvhereas no algae were cbserved cn the
sedl@ent at Vinca bridge. The sediment at Vipoca bradge
shoWws a 10-fold 1ncrease 1n the tctal long chdain fatty
acid concentration as coapdared to that ot SED' I1 from
1o St. Although the level fcund i1n the water sampled
at this time ét the 2 locatioms 1s very nearly the sase.
lae lQVels of fatty acids present 1n elther the water or
the sediment at the source sample site are very lou.//
ihere 1s no evidence for the presence of unsaturatéd
tatty acids at this locaticn. The total lipid values
tound 1n the water at the 136 St. and Vinca bridge
sites shov sisilar levels as compared to those found at
other times {(lables 2“,26,21 and 23) vhereas the values
in the sediment show a wide variation, 56.0 mg/1 for SED
11 at 156 St. and 27.2 mg/1l at Vinca bridge. The total
tatty acids fresent in the same samples show amn 1inverse
relationship. The fraction of the total lipid that are
iong chain fatty acids are just ,as variable 1in the

[N

sediment as they are in the water.
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Tong chan fatty acids

*
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Sed. 11
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Sed.

VAL N NS DO SRR 106G AND TUIAL
VT Iy nhd A ST TR B
ISR B I T
kl//]
S Tot! ot Rato
I w., x QIR Iarid 10V A ]Lf !
Wit 17¢ 640 0.275
* %
Sexd. 1 3081 15080 0.196¢
* #
Sed. 444 56000 0.008
Wator 165 760 06.212
* Kk k ,
Sed. 1765 27200 0.065
Water 7 80 0.088
4 .
Sexd. 288 2720 0.106
Soediment (‘m:;s;lf;tlrn; of small rocks, gravel and =ilt

Sediment consisting of coarse sand and a little silt

= Sediment consisting of fine sand, silt and organic
material.

= Sediment consisting of large rocks, small rocks and glacial

flour
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UD. STATISTICAL ANALYSIS CF_EXFERIMENTAL_LCATA.

N N e - e i e 2 e e s ol e e i v e e

The simple correlaticn coefficient as previously
Bentioned measures 0L ascribes a number to the
Lfelationship Lketween 2 measurakle parameters as to the©9C
ot relatedness. The @magnitude of the number being
directly progcrtional. Therefore, as the nuaber,
deslgnated 1, dapproaches 1 the relatedness 1ncreases.
in order that r contain apy meanlng, 1its value 1s

compared to a table of r values that are dependent upon

the®C ot freedce cf the sample size.

In Table :6 the signiticant r values are presented
between 1ndefendent variables grouped together fros all
1ocal sample sites throughout the sample year. The
critical value for r at p=0.05 is 0.404. Using this
vailue, there 1is no correlation between total count and
the FAU but there 1s with pigmented count. It is of
lnterest tc ncte that the numbers of FAU in the fall and
vinter sasplings represent approximately 12 of the total
count whereas 1in the spring and summer salplingé, they
represent 10% of ihe total ccunt (Tables 7 and 8). The
pigmented count represeﬁts 30-50% of the total count.
As per the total count, the pigmented con;i shows no
correlation with the FAU which bears outAthe observat;on
that the classification of the FAU show thema to )be
non-pigmented s;ecies(tables 10,11 and 12). This is an

i1nteresting situation which however does not hold when

v
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Propentoed Coont

oAU Count

otal Lapid

[Xxiocaionr e Ace i
Tetradecanoi e AC1E
Poradecanico Acid
Ci5-9-Hexadoconoie Acid
Oct adeceanoic el
C1s-9~-0Octadecenoic Acid

Cls,¢18-9, 12-0Lades~
dinenoic Actd

Cls,cls,c1s-9,12,15-
Octadecatricnoic Acid
Total Patty Acid

Dry Welght .
Armonia Nitrogen
Organic Nitrogen
Total Nitrogen

- pH

River Discharge

% Alcaligencs of
. Total F.A.U.

z

* At p=0.05, Critical value 0.
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r=violues )

h Dependernt Vo nab e .

ﬁﬁ»f; '»—}hﬁwlLd Y;L{fi
o o Count CComnt. Cony i
1,000 0.9¢0 0. 1453
0.980 1.000 0.395
0.383 0. 348 1.000
0.44¢ 0516 0.725
0.048 0.086 0.574
0.585 0.633 0.525
0.742 0.773 0.285
0.665 0.695 0.29%
0.613 0.644 0.062
0.937 0.946 0.395
0.931 0.886 0.153
0.963 0.920 0.175
0.879 0.891 0.280
-0.035 0.029 0.181
0.636 0.711 0.269
0.248 0.283 0.383
0.257 0.434 0.246
~0.619 -0.638 —0.738

-0.124 0.110 0.032
0.689 0.673 . 0,464

404
' Y

**k

3

FAU = Long chain fatty acid utilizer
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the 1nd1vidudl sites are danalysed separately.

The . nusters ot FAU are Fositively correlated with
tue total 1lipids, with the concentrations of both
dodecanoic acid and tetradecanoic acid and the fraction
Of the FAU that are ot the genus Alcaligenes. The
huabers of FAU are hegatively correlated with the pi.
This negative correlation Bay be spurious since the FAU
count 1nCledases in the sewage etfluent (Table 7) where
toe pH 1s generally lower(Tatle 31). The positive
cotrelation c¢f the FAU with Loth the concentraticns of
dodecanolc acid and tetradecanoic acid appears logical
Sluce the FAU ccunts are stimulated or are higher 1n the
sewage eftluent where the long chain fatty acids are
Lound. The scmevhat unexpected correlation of both the
total count and the pigmented count occurs with certaia
long chain fatty acids. This may result-fro. the fact
that the numsbers of many microtial types were observed

to i1ncrease with an 1ncrease in long chain fatty acid

Concentration in the sevage effluent.

The concentration of aamonia nitrogen shows a
positive significant correlation with both total count
ana the pigmented count. However, the organic nitrogen
does not tc ccrrelate significanctly with the total and
plgnentéd ccuﬁts. This indicates the possible

!

lnaccessibility ef ccaplex nitrogen compcunds to the

bacterial cell.
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-The statistical dnalysis ot the Lesults octtalrned
tiom the sasples taken at 150 St. site gave a slightly
ditferent picture (Table 37). There 1s a correlation of
the FAU with the total ccunt and scmewhat
dissappointingly with the pigmented count. This latter
ColLelaticn was not expected  since no pPigmented
bacterial 1sclates vwere capable ot growth on the TYA+FA
dyar plate(Takles 13,14 and 15). Thais spurious
correlation may pe explained frcm the point of view that
thele 1S signiticant correlation of the pignented§ count
wich tb; total ccunt of which the FAU are a fractional
portion. Therefore, since the FAU count and the
piymented count are portions of the total count, then

the spuricus ccrrelation ot the pigsented count with the

FAU count say cccur.

A ‘sigpnificant correlation was found between the
saaple dry weight and oumbers of all the bacterial
gLoups(Tahle 37), suggesting that a close association or
attachment exists betvween the 3 grcups and the suspended

paLticulate material.

The coatent of organic nitrogen and subsequently
total  nitrcgen, yields a positive significant
correlation with all 3 liérobialvgroups. This indicates
that there is possibly am association of the microbial

Cells with the nitrogen source which may be an imfortant ag
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s Uy Count
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Do dcoanol e Aetd
Totradecancioe Acid

He sadoccarot s Acid
Cis-9-liexadeconoic Acid
Octadecannl e Actd

Cis-9-Octadecenoic Acid

Cis,cl1s-9,12-Octadecadicnolc

Acid

Cis,cis,cis=9,12,15-
Octadecatrienolc Acid

Total Fatty Acid
Dry Weight
Ammonia Nitrogen
Organic Nltrogen
Total Nitrogen
pH

River Discharge

¢

¢ Alcaligenes . of Total
F.AU.

OF B 1

®

-0.173

Y-y e

eV

Foooe ntoa
fkglmt o
0,949
1.000
0.99%
~-0.126
0.066
0.35%4
~0.07]
0.699
0.596
0.427

-0.175

0.441
0.941
-0.198
0.962
0.962
-0.765
0.850

0.867

0,504
0.997,
1.000
-0.099
0.674
0.365
~-0.040
0.084
0.620
0.474

-0.162

0.472
0.934
-0.181
0.940
0.940
-0.743
0.811

0.893

*M p=0.05 Critical value 0.707
*k . . . . . . . -
cis,cis,cis-9,12,15-Octadecatricnoic acid not detected at this site.

*

*k . . U
FAU = Loﬁg chain fatty acid utilizer
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pOLtlOon Ot the dry sample welgnt. Another possitilaty
1s that the jpIlesence of orgyaanic nltrogenous material
tends to enhance the nuabers of the 3 nxcréblal groups
at this =site. At this tlme mention should be made,
although not reported i1n the tables, that‘ therLe Wds
signiticant correlation ovetween sample dry weight 5pd
oiLyanic hlttOQen(i=0.89b at p=0.05 with the critical

value being 0.707).

The H correlates 1nversely with numbers of all
m.crotial grcups. That 1s, 1t was found that as the
pacterial counts increased at breakup there was an
assoclated decrease in the pﬁkTables 6 and 18). These
may be spurious since no inference can be drawn between
the -decrease 1n numbers of the bacteria and  the
increasing fH values at ghis sample site (156 St.). To
complemebd® this finding, a positive correlation was
‘tound between the river discharge aﬁd the numbers of the
3 microbial groups. A Dnegative correlation existed
bectween the river discharge amnd pﬁ(r=‘0.b62 at p=0.05,

critical value vas 0.707).

since there 1is a significant correlation between
the total ccunt and the FAU count at the 156 St. site
there ajppears to be a microktial population.that can
_htlllze many substrates. As stated before the pigmented
count 1is part og'the total count. Although thef are

unable to grow cn or use fatty acids they do correlate
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slgybDlticantly with tne FAU. Thele 15 also a signiticant
coirelation i1ndicating the dependence ot all miciobial

jJLoups obscerved oOn the presence 0f 0rgaplc nitrogenous

Bater)

B the sewage ettfluent presents a much
flon than what was observed at tne 156
I example the FAU count 1s tound not to be
Nt fart or correlated with either the total
the f[pigmented count fresent 1in the sewage
Mable 38). Again, as at the 15 St. site,
the s a fositive correlaticn between the pigmented
the total count. The concentrations of the

lcng chain fatty acids and the total fatty

1adi 1

acids relate positively with the total count and with

the pigsénted count but are not correlated with the FAU

count. is may further indicate that the FAU count 1is

pot a icrobial entity, but rather, long chain

tatey - oxidation appears to be secondary to other

wicrobial metabolic capabilities. The variation found
: -

in the fracticn of genus Ajcaligqenes present appears not
to be due to the FAU count, vhereas they appear to be a

siynificant part of the total count(Tables 11 and 38).

-The data in Table 39 shows that vater sanples frona

v

the Vinca bridge site are different from those obtained

~

at 156 St. (Table 37). For exaaple the FAU count does

not correlate sigpificantly with the pigmented count,
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Total Fatty Acid ©-0.778 0.876 0.378
Dy Weight 0.853 0.752 0.810
Amnonia Nitrogen . -0.103 -0.25%7 0 0.176
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** PAU = Tong chain fatty acid utilizer
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vut does wWith the total count. There 1s no 1nverse

telationship ot  thils slte 1n the river between the ph
]

and the FAU ccunt(Tables 37,36 and 39). 1The presence ot

iong chain tatty acids show a [positive significant

gyLLeldtlon Detween with the total count and the
plymented ccupt ads 18 'Lound at the other local
sites(Tables 27,38 and 39). These nu do not
Lullﬁiéte with the FAU count. Therte 15 4 positave

coittelation Letween 4ll 3 miciobial groups and the
oiLyganic nxftcgen and the total npitrogen present (Table
3Y) A sigpificant correlation i1s observed for the 3
microbial types with the river discharge. These latter
Lesults are similar to those tcund at the 156 sSt. site.

The 11ver water at Vinca bridge appears, 1D sole
tespects, to ke a reflection of a contlzuing mixture of
the water at 156 st. and the sewage effluent. However,
due to the effect of the diluticn of the sewage effluent
vy the river vate;,lit can be concluded that the effect

o1 the sewage etfluent on the river as shown at Vinca

vridge 1s sabisal.
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SUMMARY AND CONCLUSION

A dillect plating method nas been developed tor the
enumeration ¢t lony chain tatty acid utilizing
B1CLOOLYAN1SKE, 1t was observed that almost all
culoniles growiog on the long chain tatty acid containing
mealum (TYA¢FA) could utilize long chain tatty acids. In
1 or ¢ Lnstances an 1solate was tound growing that could
not use the substrate. This suggests that the medium 1s
dCtlhy 10 a4 S€lective manner since only FAU will gqrov

uhder these ccnditions.

The evaluation of the Ncrth Saskatchewan river's
Capaclty tc utilize long chain fatty acids yielded
several copnclusions.

1. Long chain fatty acid wutilization appears to be
secondary with respect to other degradative abilities of
the 1ndigencus wmicroflora. One reason for this
statement 1s that the fatty acid concentration does not
vary signiticantly between water samples taken upstreaa
danu downstream froms Edmonton (Tables 21 and 23). This
possxbiy indicates a sevage effluent dilution effect.

ihe FAU are a significant fraction of the total
pacterial population in the North Saskatchewan river
wvhich increase 10-100 fold after the river vater's
passage through Edmonton(Tables 6 and 8). This
therefore indicates that there 1is no selection for a

metabolically independant micrckial population that can
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deyrade long chain tatty acids.

<. There 1= no colrelation between the nusbers of FAU
ana fatty acid levels, nitrcgen and carbon, again
indicating the utilization ot the fatty acids to be ot a
secondary nature.

3. When ccmpared om a volume basis Letween grossly
si@llar sediments, the Vinca bridge sediment long chain
tatty acid content was twice that of the 156 St.
sealrment (TableCay).

4. Sediments 1n close proximity to Edscnton(156 st.
and vVinca bridge) appedar to be qulle anaerobic (hydrogen
suiphide cdor and black in color) when compared to those
at the source. There were no facultative anaerobes
tound at the scurce, whereas the sediment at both 156

‘St. and Vinca bridge contained Enterobacteriaceae and

5. The FANU, which are approximately 90% or*more of the
‘total bacterial population, show a tendency toward being
plgmented (Tatles 13,14 and 13).

o. The occu}xence of §gi!gpgglg SE- in the pNorth
Saskatchevan river ®ay be sporadic(Table 19). on 1
occasion an isoiation vas made at the 156 St. location
ana the same isolation was made at Vinca bridge a day
‘later. At cther times no recoveries were made. The
sewage effluent was found to contain Salmopella sp- on
3 out of 8 occasions. The spotadic isolation of

Salsopella =sj. from the sevage etfluent may be due to
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the 1netficlency of the sampling and enricbment Bethods.

1n ccnclusion this study shows that the No;th
Saskatchewan 1river can efticiently degrade or otherwvise
1emove the lcpg chain fatty acids the river recelves
r1rom the Edmonton DomestlCc sewage treatment plant.
Tnefe 1s, hcwever, a possibility that Vinca Lridge
sedliment 1S being enriched 1n tatty acids siance the
total 1long chain fatty acid concentration 1n the
~sediment 1< twice that fcupnd 1p the sediment at 156 St.
Tne seaiment fatty acids cculd originate from the
tdmonton Domestic sewaye treatment plant. This 1s
unilkely as the effiuent 1s discharged at a more or less
constant rate throughout the year.. ’This makes it
a11ficult to assess the contribution of long chain fatty
acid to the sediment at Vinca bridge by the Edmonton
aomestlCc sewvage effluent. Another possibility exists in
the City's use of the Clover Bar industrial lagooams.
Toese accumulate effluent throughout the winter and} are
aischarged ‘over approximately a 1 month period directly
proceeding the breakup. This could have a pulse loading
eifect 4n the river allowing more fatty acids to
sediment. At the time of the lagoon discharge the river
temperature is around 59C vhich is low enough to slow
aegradation tc a = poaint ubeie ~the fatty acids could

sediment unchanged if associated with pérticulate'

material.
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It 1s necessaly to evaluate the capabilities of the
covironsent fct metabolic activities relatea to the
degradation ct celtain(;ost) sewage effluent components.
There 1s alsc nc 1nformation 1ndicating the relationship
between the sediment and the water to the dynaamics of
nutrient and sicrobial interchange. To coampound this,
inrormation 1s - again lacking describing
interrelationshifs between aicroorganisss and other
tlora and tauna present in most river systems. In short
this study of river microbiology indicates that much

work 1s required for the intelligent use of the river as

lecelving waters for map'ss vastes.
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