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AN INVESTIGATION OF THE WATER SUPPLY
OF THE CITY OF VANCOUVER

‘by
OLIVE B, MACLEAN, B,A,

For some years, the water supply of the City of
Vancouver has been under supervision by.tbe Medical Health
Officer, Bacterial counts are made weekly of three distinct
samples; one sample from Seymour water supply, one from
Capilano water supply, and one taken from a faucet in the ecity
constituting a mixture of the two, Occasionally in ﬁhis weekly
vrontine examination, organisms giving the presumptive test for
Bact, coli have been found, During the past four‘years however,
samples which were positive td the presumptive test have been
subjected to & more detailed examination and in no case has it
been possible to identify the organiems isolated as typical
strains of Bact, coli.,

The present investligation was undertaken with four
objects in views

1, To determine if possible the fregquency of oceurrence
of organisms giving the presumptive coli test,

2. To determine if possible the source of such organisms,

3, 7To record what daily variations, if any, oceur in the
bacterial content of the water supply,

4, To determine the regular Bacterial Flora of the water
supply.

The writer is indebted to the Medical Health Officer,
Dr, F, T, ﬁnderhill, for much assistanée, and for the privil~

oege of consulting the information regarding the date in his
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office; and is indebted also to Mr, E, M, LeFluffy of the City

Engineer's office for considerable data regarding the physical

condition of the water supply.

Seymour and Capilano Creeks are the sources of the
water supply for the City of Vancouver, They are separate and
independent of each«éther. Capilano watershed has a drainage

area of adbount 55 square miles, while that of Seymour is about
| 80 square miles, ?hey are bath rapid, clear streams, mainly
glacial water, with a fall of about 70 feet per mile, The dis~-
charge varies within wide limits, that of Capilano for instance
varying from about 15,000 cu, ft, per second when in flood,
down to about 40 cu, f£t, per second in very dry weather (August]
¥With the exception of a few days in each year during flood con-'
ditions the water is clear and free from sediment and doces not

require filtration,

N7 C NS.

Oapilgno intake is situated 7 miles from the mouth of
the Creek at an eleyation of about 480 feet above sea level and
10 miles from the ocentre of the City of Vancouver, The intske
is constructed of reinforced concfete with head racks of oak
to kxeop out leaves and sticks, An open conduit or flume 570

feet leng connects the intake with the tanks, the water being




‘vent from entering any gross suspended or floating matter,

|connections between these two supplies in order to ensure water
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admitted through two sluice valves, The tanks are in duplicate*
each being 100 feet long by 20 feet wide, At low water they
are f£filled to aAheight of 6 fQQt, Both are provided with a

double row of séreens at the mouth of the supply pipe to pre-

ThevSeymour #upply has two intakes, situated about 7
and 74 miles respectively from the creek's mouth at elevations
of 465 and 485 feet above sea level, Thé lower intake is
similar in general design to the Capilano intake described
above, The upper one is constructed of hewn cedar with :ock
fillipg. Oak recks are provided at the entianee and a conduit
extonds 300 feet to the settling tanks, These are in duplicate,
moasure 100'!30':6?, and are linéd with concrete, Double rows

of screens are provided at the lower end of each tank,

DISTRIBUTION SYSTEM,

The water from both intakes flows into 36 inéh maiﬁs,
the Capilano supply crossing the Iniet at the First Narrows a#d
the Seymour supply at the Second mnarrows, Just before crossing,
the 36 inch pipes are divided inte four 16 inch pipes, one of
which goes directly to Burnaby, whilg the others supply the re-~
maining Municipalities, The supply from Seymour and Capilano
is not distributed as such to different parts of the city, but

in some portions, especially in the West End, there are cross

in case any ome pips under the Narrows should be destroyed,
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The water flows by gravity directly into the maine
dbut in addition there are two reservoirs known respectively as
the "Stanley Park” and "Little Mountain® reservoirs, The
8tanley Park reservoir, with a capacity of about ten milliom
gallons, is situated 240 feet above the sea level, It is now
used only as a balancing and emergency reservoir since its
elevation is not sufficient to give adequate pressure throughoud
the whole 6ity, The Little Mountaim reservoir, distant about
one mile south of the city boundary, has an oelevation of approx-
imately 400 feet abdove sea level, with & oapacity of twenty-
five million gallons, This reservoir is filled and maintsined
from the Seymour Creek supply main, It is construoted of con-

crete and controls the pressure over the whole city,

SRRYJICES.

The approximate number of services for house, 0ffige,
and factery oconnections in the City of Vancouver is 25,000,
Phis does not include the other municipsalities served, The
pipes vary in sise from ¢ to 6" in diameter, the majority of

the house connections or domestic services being §" in diameter,

QONSUNPT IOX.
The average amount of water admitted st the intakes
totals thirty million gallons per day, This does not represent

the consumption of Vancouver proper, as at the present time the
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Municipalities of Point Grey, South Vancouver and Burnaby are
aleo supplied with water from the city mains,

The 1920 particulars as to population and comnsumption

are as follows:-

Logation. : .zhnnlaiinn. Consumption,

(in million gals, a
) day.)
61ty of Vamcouver,~-~ 125,000 25
Point Grey,~=--rere=e 17,000 1,5
South Tancouver,~=~-- 80,000 1.9

:

B‘“abr’ - e - . .- I z Qﬂn
189,000 30,0




LABORATORY S2UDIES,

Samples of tap water were éxamined dally, Sundays and
one or two other days excepted, from November 23rd, 1920 to May
6th, 1921, inclusive, Direct counts and the presumptive test
for Bact, 601l were made as & routine preliminary procedure
each day, | |
Medis Employed.

-Besaf agar, gelatin and lactose broth made accordiné
to Standard Methods (1920) (1) were used, The reaction was
adjusted so that the final reaction was PH 7., Brom-thymol blume
was used as the indicator in adjusting this reaction and as
indicator in the lactose broth,

?eohniaue.

The mouth of the tap was sterilized by flaming for
3 minutes after which the wafer was allowed to run for 5 minutes
About 50 cec were then collected into a sterile flask¥, 1 c¢oc and
0.1 ce amounts were plated on ager and gelatin, and the plates
incubated at 37°c'and room temperature respectively, For the
presumptive tea£ 1l cec of the water was inoeulatéd into lactose
broth fermentation tubes, The agar plates were gounted after

24 houfs incubation at 37°C and the gelatin after 3 days at room|

temperature, The results of the presumptive tests were recorded
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after incubation at 37°C for 48 hours, The production of acid

and 10% or more gas at the end of this period was regarded as
a positive test, The counts and the correlation of the same
with heiéhts of water at both Capilano and Seymour intakesbare
graphed in Table I, |

| The points in each curve are joined by a continuous

line, The substitution of a dotted line indicates the occurr-

dncé of "spreaders™ on the plates preventing counts,

Phe bactérial count at 37°C varies from O per cec tou
12 per ce, The range at 22°C is frém 29 per cc to 105:p6r ce,
Rg ie interesting to mnote tﬁat there appears to be a ¢orrela-
tion between beth the 37°C counts and the 22°C counts, and the

height of the water at the intakes, This is e¢lose enough to be

significant, Undoubtedly, a higher count is to be expected

after a period of high water at the intake when a eertain num-
ber of soil bacteria must have been washed into the supplies by
rains or melted snow, |

On threé days only were presumptive tests positive#
namely, December 2nd, December 10th, and December 11lth, There
does not seem to be correlation between the occurrence of these
presumptive tests and the héight of the water at the intakes;
but there is an apparent relation betﬁeen the occurrence of the
presumptive test and the rainfall. At lesst it may be stated
that on the three 6ccasions upon wﬁich the presumptive tests

were positive there had been an immediately preceding heavy

rainfall, as is shown by Table II,




TARET B

. %o. OF BACTERIA PER ce | AT 72.2°C

‘\- HEIGHT oF WATER AT CAPILANO INTAKE
N (NCHES
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DABLE II, |
Showing relationship between, rainfall gng :Q%s_ig_ive presumptivie test.
December ‘ : ®
r—"_ .
Date 1 2 3 4 5 6 7 8 9 10 11 12
Capilano ‘ .07 1.66 85 «70 «03 e341145411.,03 17 l1.86 Seb 10
Seymour 1.32] 98| +98| 05| .56| .97| .68] .45|1.33 2.40| .08 1.63
Presumptive o | * of o] of o of of of * | * 0
Test
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2, QUALITATIVE DETRRMINATIONS,

The f9llowing media made according to the Standa:d
Methods of Water Analysis (1920) (1) were used, Agar, broth,
golatin, peptone, phosphaté broéh-fér Methyi Red test, sugar
brbths and endo=-agar, Potato medium was made in the ordinary
way, The milk media are described later (see pages 15 & 16),
Neutral red bile salt lactose agar (&) waé used in seéarch fér
lactose~fermenting organisms, E:hlieh’s Ipdo1 test, (3) was
uaed. | | |

The morphology is described on 24 heué agar cultures
inoubatéd at 57?0, unless otherwise stated, Stirling's modi-

fication of Gram stain was used; Staphylococcus aurgté and

Bact, coli being employed as positive and negative controls in

each case, In determining liguefaction of gelatin, cultures
were kept under observation for eight weeks before a negative

ligquefier was recorded,

Colonles for investigation were fished from doth agar
and gelatin plates. In selscting bacteria for study it soon
became a matter of comparative ease 1o pick off typical colon-
les of various types, On the three occasions on which the
presumptivé test was positive, lactose plates were made from
the . fermentation tubes and from them, lactose fermenting colon:

les picked, The following five distinct types of organisms
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were obtained:

l, Sercinae and Rhodococeci,

2, ©Spore formers,

3., Rapid lactose-fermenters,

4, BSlow lactose~fermenters,

5, PFluorescent non-lactose fermenters,
TYPE 1, INAE . HODOCOGCI,

Jeveral strains of the genmus garcinze were commonly

found en the agar and gslatin plates,

Phese bacteria are spherical in shape, and divide

under favorable conditions in three plénes producing packet

groups of elght,

In these cultural studles growth was abundant on
artificial media, pigmemt being formed on agar, gelatin and
potato, Gelatin was usually ligquefied,

ORGANISM XO, (11).

Eheimbrphology was determined on beef peptone agar
aftér 48 hours incubated at 22°C, The organism occurs as
large spherical cocoi 1,6 to 2‘mierons in diametér, arranged‘

in peckets of eight, non motile, Optimum temperature 22°C,

8lightly decolourized by Gram stain,

Agar glant:~ growth abundant; lemon yellow, echinulate, raised,

Broth:~ heavy élouding, yellow sediment,

Geolatin;~ abundant growth along line of punctiure, Slow napi-
form liquefaction,




Carbohydratepgs~ dextrose broth faintly acid, alkaline in lac-
tose and sucrose broths,
This organism is classified after Winslow

‘" as Sarcipa flava (De Bary) (5],
ORGANISM XNO
Similar to 8, flava except that the pigment produced

is a brownish yellow,

This organism is classified after Winslow .- . as
Sarcinas capesgens (Stubenrath) (5),
ORGANISM XNO

PR

Morphologically identical with S, flave except that
it is Gram positive, |
Cultural Characters.
Agars~ abundant golden yellow growth,
Gelatin:~ repidly liguefied, a heavy orange precipitate,

Organism No, 3 is classified as Sarcins
guprantiaca (Flugge) ' = after Winslow (8).

ORGANISM HO,(4)
Morphology.

Large spherical cells ocecurring in packets, Gram
negative, Optimum temperature 22°C,

Cul tural ng;a.c tors.
Agar:~ abundant surface growth,

Gelatin:~ pink growth along the line of puncture, very slowly
: liquefied,

Carbohydrateg:~ dextrose broth faintly acid, lactose and suc-
rose broths alkaline,

Classified as BRhodococcus roseus (?1ngge)
after Winslow (5) (6).
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2YPE 11, SPORE FORMERS.

Several strains of the mycoides, cereus, subtilis and
megatherium groups were commonly found on the room temperature
plates, as follows (using Ford's Classification) (7).

QRGANISM NO, (5). .

In young cultures on plain agar the organisms are
1ong»and,thin and tend to arrange themselves in short chains,
Motile, Gram positive, The spores appear after about 48 hours g
at first they are situated a$ one end of the cell, but soon the
cytoplasm disintegrates, leaving an oval spore, These spores
often remain attached in long chains,

Sultural Characters.

On solid media the growth is glistening and rhizoid,
Agar colonies are characteristic; from the central nucleii
filamantoﬁs strands of growth extend on all sides forming the
typical "mycelold"™ colony,
ﬁglgiinz¥ is slowiy liguefied,

Carbohydrateg:- slight acidity is produced in dextrose broth and

alkali in lactose and sucrose,

Classified as Bacillug mycojdes (Flugge)
(Ford) (3)0 -

ORGANXSM NO, (6)

!hii bacillus is a rapid “"spreader" and was usually

found after a heavy rain,

Morphology,
Bmall rods with rounded ends; often growing in short

B ol SOy y T
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éhalns and in old cultures, showing a tendency to thread,
‘Actively motile, Gram positive, sometimes slightly decolour-
ized, The spores appesar early, and have the cytoplasm sﬁtaehed
to either end,

Cultural Charsactiers.

Agar _alant:i- the growth is abundant, spreading and glistening,
A characteristic green pigment is diffused throughout the
medium,

Agar colanles:~ spreading and amoeboid with slightly raised
edgos and the usnal greem colouration,

Selatins~ rapid sacoate lliguefaction, The medium soon acquired
 the green fluorescence,

Listmos Mllk:- peptonised without eoagulation, A clear greenish
ring starts at the top and rapidly proceeds downard,
Carbohyvdratens- dextrose 1s fermented to acid, lactose and suc-
rose unchanged, Clessified as Baclllus coereus L£lUOrescons
(Fora) (7).,

ORGANISM NO, (7]

Morphology.
Small square ended rods, Motility doubtful, Gram

positive,
Culturael Charactera.

Agar stab:~ thin, glassy, spreading growth,
Agar plates:~ colonies spread concentrically, dry and glassy,

end usually firmly attached to the mediunm,
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Gelatint~ slow napiform liquefaction,
Carbohydrates:- dextrose and sucrose are fermented to acid;

lactose is unochanged,

Classified as Bacillus subtilig (Sternberg) (Ford) (E).

Long thick rods with slightly rounded ends, Motile,
Gram Positive, 3pores appear early; they are usually situnated
in the centre of the organism, In 0ld cultures the cytoplasm
is entirely disintegrated, leaving oval, refractile spores,
Culsural Oharscters.
iAgar slant:~ thick, creanmy, cretaceous growth, slightly rhizoid
at edges,
iAgar_colonloegs~ thick and round with regular edgss, Young
colonies are white and change to a lemon yellow or brown when
older,
Galatins~ saccate liguefaction,
Carbohydratess- glucose is slightly fermented, lactose and suc-
rose unchanged,

Claesified as Bacillus megagherjum (DeBary) (Fora) (%).

The characters of this oulture are common to those
of 23 strains each of which had been studled in ddtail as de~

fined below:

ORGANISK NO. (9).
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MORPHOLOGY, .

Twenty=-four hpur plain agar cultures incubated at
37°C were used to determine the morpholeogy., All strains are
Gr;m negative and distinctly rod shaped, with rounded ends;
some are slightly thicker than others, the average size being
1=-3 microns,long and 0,3 -~ 0,7 wide, ©Staln the organism
readily with both aqueous fuchsin and methylene blue, No
spore formation could be demonstrated on ordinary media,
Motility tests were made in semi-golid media, and by the
"hanging drop® method from the water of condensation of 24
ﬁour agar onlfurel. Ho true motility could be detected.
Capsules could be readily seen in forty-eight hour milk eul-
tares, stained by Hiss' copper sulphate method (10]},

The cultures charactdrs were studied from 24 hour
0ld ocultures at 37°C unless variations are specially mentioned
Jutrisnt Broth:s- aiundant growth giving a pellicle, clouding
and sediment, dbut no colour or distinct odour,

Agar glant:- growth abundant, echinulate, glistenling, and
slimy; this latter characteristie being especially evident in
older cultures,

Agar plateg:~ the colonies appear after 12 hours, The grewth
is heavy and greyish, usually heavier in the centre; the
edges are undulated and the consistency granular,

Gelatin platesi~ 3 days at 22°C, The cultures grow rapidly,




- 16 =
cansing‘no liquefaction, the colonies are round and glistening
and of the same general character as on agar,
latin ab:~- 3 days at 22°C, growth filiform and slightly
beaded, best at the top and‘brownish in colour, no liquefaction
of gelatin up to 2 months, |

Potatgos~ the growth is luxuriant, echinulate and browhish,

BIOCHEMICAL cngngcmg RS,
(a) Litmus Milk.
o This was fresh separated milk with sufficient azo-
litmin as a 2% solution added to give the required tint and
sterilized for threo successive dsys in flowing steam,

The cultures wWere examined at the end of 24 hours,
2y 5 and 7 &ays. At the end of 24 hours the cultures gave
acld but no coagulation, the degree of acid varying, After 48
hours about half of the strains coagulate the casein, the othersg
effecting pract;cally no change, At b days all are coagulated,
in most cases the coagulum is bleached . at the bottom and bréken
with gas bubbles and whey is beginning to be extruded at the
top or laterally, After a week's incubation the coagulum con~-
tracts horizontelly to about a third of its former diameter in
the majority of the cﬁltufes, and is surrounded by clear whey,
(b) Plain Milk,
T This medium was made from Klim - 2 skim milk powder =~
100 gms of Klim mixed with 1000 cc. of water and sterilized for

3 successive days in flowing steam in 75 cec amounts in flasks,

et
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After being incubeted for 24 hours, there is no

spparent change, At 48 hours the milk adhers slightly to the
bottom and sides, and seems thicker, There is a soft curd and
the whey is beginning to be extruded at the sides after 3 days|
At B days the ocurd is cracked and digested to about ome half
of its former size, After ten days the curd is very much
shrunken 1s of a pale burant colour and is broken into small

Pleces which temnd to float submerged in clear whey,

(a) Gag Production,

o To estimafe the amount of gas produced dextrose
broth fermentation tubes (Smith's) were used, When the column
of gas in the closed area becane Stationary, usually at the
énd of 48 hours, the amounts of COp and H were measured, The
ratio of CO, to H was found to be 1,5 - 1,

Gas was produced in the following carbohydrates:-

dextrose, maltose, mannit, xylose, arabinose, dulcite, lectose,

salacin, sucrose, raffinose, mosite, dextrin, glycerose, starch,

and inulin,
(b) Acid Production.
" Aclid was produced in the following carbohydrates:-

(Brom-thymol-blue was used as indicator).

Daxtroée, mal tose, mannit, xylose, arabinose, dulcite, lactoseq

salacin, sucrose, raffinose, inosite, dextrin, glycerose,

starch, inulin,

s
|
§
[N
P
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(c)_Action on Stapch, Production of Disstase.

7 Allen's method (11) was used - 2% soluble starch
solution was added to plain agar, then stérilized and poured
into petri dishes., The cultures were streaked on thesé plates,
incubated for 2 days at 37°C and 5 days at room temperature,
gfter which they were flooéed with a saturated solution of
Iedine in 50% alcohol, & large clear area about the streke

indicates diastatic action, All cultures were positive to

this reaction,

8. (1) (12),(15),
4All cultures gave & negative metﬁyi redrreaptioﬁ,
and a positive Voges Preoskauer reaction,
Indol Preduction. (2),
Indol was not produced,
Phis organism 1s classified as Bact, serogenes
(Bscherich) (8).(9),

TYPE 1V, SLOW LACT FERMENTERS.

The characters of this culture are common to those of
11 strains each of which has been studied in detail as defined
below, 7
ORGANISM NO, (10]),

.Theée organisms when first isolated from the water
required s‘to 4 days to ferment lactose to acid and gas, only
a small amount of gas being formed, After half a dozen trang~

fers culturessplit the lactose to acid within 48 hours, in




this respect resembling the slow formenting types of colon
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described by Bronfenbrenmer (13) . . "', and Sadler
(14)

& Mounce, In no case was it found possible to materially in-

crease the amount of gas produced either by repeated sudboul-

tures or prolonged incubation at 37°C eor 22°C,

Twenty-four old agar cultures showed short rods
averaging 1-2 microns long by 0,3 ~0,7 wide. They were Gram
negative and stained readily with the ordinary alcohol and
aqueous stains, Motility tests were made on semi solid media,
and by the "hanging drop" metho@ from the water of condensation
of 24 hour 6id agar cultﬁres. True motility cunld not be dem~
ongtrated, No capsules were found, All strains were aerobes
and facultative anaerobes,

Lultural Characters,
Agar slant:- growth good, spreading, thin, transparent, glassy

in o0ld cultures,

Butrient broth:- heavy viscid sediment, slight clouding, no
pelicle,
Agar platess;- the colonies appear early, They are white con~

vex with regular edges, and have a granular consistency,

Gelatin stab and plates:~ growth is of the same general charac=-

ter as on the agar, No ligquefaction of the gelatin at the end

of 2 montks,

Potato:~ growth good, medium rendered brownish,
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Litmus Milk,

This type turmns the milk slightly acid after 24
hours growth, but not enough to cause coagulation, No other
change is noticed, The cultures were oxamined for 2 months,
(e) Gas Production.

7 To estimate the amount of gas produced Smith's fer-
mentation tubes with dextrose broth were used, The column of
gas in the closed area was too small to accurately measure the
ratio of coz‘to H, Approximately the aﬁounts of COp and K
were equal, |

| A small amount of gas was produced in the fermenta-
tion of dextrose, maltose, mannit, xylose, arabinose, duleite,
lactose, salacin, sucrose, raffinose, inosite, glycerose,
(p) Acid Production.
- Acid was produced in the following sugars using Broﬁ-
thymolfblue ag indicator:-

Dextrose, maltose, mannit, xylose, arabinose, dulcite
salacin, su¢rose, raffingse, inosite, glycerose, .

No acid was produced in starch, inulin or dextrin,

s, (1) (12) (15).

All cultures gave a positive methyl red reaction and

a negative Voges Proskauer reaction,
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Indol Production.

The Indol test gave a faintly positive reaction,
This organism is tentatively classifiled as a variant of B,

(16)
neapolitanus differing from it by motilitgjaction on milk

and on imesite,

This group of bacteria gave an alkaline reaction in
lactose broth, All are members of the fluorescent group of
bacteria, (17).

Morphology.

The vegetative cells twenty-four hours o0ld and grown

7

on plain agar are both long and short rods, often forming short
chains, They are uniformly Gram negative and stain equsally
well with the ordinary aqueous and alceohol stains, Motility
was observed in all cultures by the "hanging drop"™ methed, angd
in semi~g0lid media this latter beiné 1ncubated fdr 24 hours
before being inoculated, Capsules were found in about 20% of
the cultures, by means of "Hiss" copper sulphate method, (10)
milk being used as the medium, ‘No spores could be demonsirated.
All strains were aérobes and facultative anaerobes,
Cult Cha t .

All cultures were incubated for twenty~four hours at
37°C, unless variations are mentioned,
Agé;_glagiz; all strains produced a distinct fluorescence; the

growth was abundaht, glistening, echinulate,

R A G AR A R OB, i A 7 N
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Agaz plateg:- the growth of the colonies is good, the edge ir-
regular and elevation flat with raised edges., The coléur a
greyish white at first and later changes to the characteristic
fluoreséent g;een.' At 22°C and 72 hours old the colonies are
distinetly opalescent, .
Gelati teg:~ 72 hours o0ld incubated &t room temperature,
The gelatin liguefiers give abundant growth, forming large
saucer shaped colonies, which are filled with a flocculent
growth of noticeable fluorescence, These colonies rapidly
‘spread, soon 1iquefying the whole plate. The non-liguefying
strains form colonies similar to those on the agaer plates,
Gglati b:~ observations were made for two monght; 95 jef
cent of the strains liquefied the gelatin, the rate and form
of liquefaction'varying with the different gtrains, The com-
mon forms of liquefaction are saccate, stratiform and crater-
iform, Growth is abundant and fluorescent,
Nutrient broth:- growth abundant, the medium being clouded and
having'a"gréénish pellicle and heavy sediment. The broth is
distinctly greenish and the odour putrid, In the cultures
which form capsules the medium is viscid,
Potgto:- growth good and after a few days incubation spreads
throughout the medium, changing it either to a dark brown or

green colour,

BIOCHEMICAL CHARACTERS.,
cérbohxgnatgg.'clncose gives a small amount of acid but no gas-

ST R
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other sugars not fermented,

s. (1) (12), (15),

The methyl red test is negative.. invthé Voges Pros~
kauer téstwall strains give a bright green gluorescénce, thelin
tengity of which varies with different strains, |
Indol Production. (2].

- Inall caéeé'a red fluorescent pigment is secured,
which varies from a pale pink to a deep red, It is interesting
to note that the broduetion of thigs red pigment correlates with
the production of the green pigment noticed in the Voges Pros-
kaner test, Cultures which give an intemnse green fiuo:escence
with the phosphate broth and the KOH give,a.deeé red colour in
 the indol tests., This red pigment is not indol, as it is not
soluble in chloroform abkso the cultures lack thai character-
istic edcﬁr of putrefaction associated with the production of
indol, |
Action on milk,

The action on milk divides this large group of bac~
teria into three classes,

(2) Those which have no action on milk,

(b) Those which peptonize without coagulation,

(¢) T"hose which coagulate the milk and then peptoniz
the medium, _

D

Litmus Milx,
" Fresh separated milk with pure azo-litmig as an
indicator ﬁas used, The milk was inoculated from 24 hour old

agar cultures and ineubated at 37°C for two weeks,
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(a) In about 4% of the cultures the proteolytiec
enzyme is Qbsent and the milk remains unchanged,

- (b) In 85% of the cultures the milk becomes alkaline
and peptonizétion begins at the top, leaving a ring of green
whey which extends downward until the whole tube is digested,
In & few instances the whey is yellow, finally changing to a
distinet orange,

(¢) In the remaining 11% of the cultures, the milk
remains alkaiine or slightly acid, and is coagulated by a renn-
in-enzyme and then peptonized,
|Rlain Milk,
| This medium was made by mixing 100 gms of Klim with
'1000 dc of'water, and sterilized in 75 c¢c amounts in flowing
steam, Twenty~four hour old cultures were inoculated into the
milk and the flasks incubated at 37°C,

(a) A slight acrid odour is the only noticeghble changg
in the milk. Observations were carried on for two months,

(b) The majority of these fluorescent bacteria belong
vto this gfouﬁ, digesting the casein without coagulation, In
most cases the action is rapid, bdeing completed often within
48 hours, A dark green, transparent layer is formed which ex~-
tonds downward rapidly, leaving a wrinkled pellicle in the sur-
face and a greenish yellow whey; later this ochanges to a golden
yellow in the most cultures; while a few retain their greemn

colouration, All strains have the characteristic putrid odour,
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(e) The milk is first cosgulated and then digested.,
The ocurd i;»invariably soft; digestion starts usually after
48 hours, beginning at the top and along the sides, When com-
pleted a gréanish yellow flueorescent whey remains, In the
absence of more detailed studies the strains of type - are

classified as belonging to the fluorescent group of bacteria,

BEfforts were made %o discover the possible source
of the various types of organisms found in the daily counts,
especially as concerns the occasional occurrence of slow and
rapid lactose fermenting types. Previous data in the hands
 of the Medical Officer of Health seemed to indicate that the
probable source of these organisms was in Seymour and not in
Capilano Creeks, With him, an investigation was undertaken
of the conditions immediately above the Seymour intakes, A
series ef samples of soil and surface wate} on the west bagnk
of the Seymour Cresk above the upper intake were taken as high
up as Ir@n Creek, The exact sampling points are approximately
indicated on the annexed map,

In taking semples of the soil, sterile wooden tongue
depressors were employed to r;move the soil to sterile test
tubes, ©Surface water samples were collected in sterile test
tubes, Smples were taken also from the intake; from the séett-
ling tanks and from between the screens, After collection, the
samples were transported as rapidly as possible to the labor-

atory so that plating was accomplished within two hours of the




3

.taking of the last szmple,

It is succeeded by a series of Plats, the mountains receding

.Blide", there has been a considerable excavation and erosion
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Seymour Creek above the upper intake is a comparat=—
ively wide and fairly rapid stream, Just above the upper in-
take there is a clay bank over which surface water trickles,
This extends for a distance of approximately a quarter of e

mile above the upper intake close to the edge of the stroan,

from the stream for some distance, The banks become cone

siderably higher and at one point, known locally as the "Large

of thé banks, this being two %0 three hundred fest at its
groatest width, Between the large slide and the clay banks a
very much smaller slide has occurred, The large slide is with-
in five hundred feet of Iron CGresek, In the slide the various
strata can be seen, DNearest the surface there is a looseloanm
occupying a depth of about a foot; beneath this is a layer of
sandstone down to a clay layer about six feet below the surfacel
The clay layer at this point is about eight inches thick, Be-
low the clay there is & layer of sandstone, The sampling points
may be described as follows, their approximate position being
indicated on the blue priat,

(Description of Sampling points],
l, Surface soil from first clay bank, taken about ten feet

@bove the leven of the stream,

II, Surface water which tricklss down the clay bank of Sample
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I, but fifty feet. further p stream,
111, Cley from this bank - see¢ Sample I - tdken about six
inches below the surface, (deep sample)
IV] Water from & small spring which flows over this bank -
see Sample I ~ entering the stiream about one hundred feet north
of Sample II,
Y, Surface water collected from clay bank mentioned in Sample
I,
YI, Surface water which was trickling over a large decayed log,
VII, Vater from a spring which flows through a dense under-.
brash, This sample was taken inland about one hundred yards
from ereek, between the clay bank and blg slide,
YIII, Sand at a small washout,
IX, Sandstone between slides,
X, Clay eollected about three feet above the mouth of the
largest washout,
XI, Vater at the big washout taken near the outlet,
iil. Soil above the clay layer taken from a surface which had
been recently exposed by & big washout, This layer is about
a2 hundred feet higher than the surface of the streanm,
X111, Sandstone taken directly beneath the clay layer at this
iashout.
X1V, Clay from the layer above the sandstone at big washout,
XV, Surface sand on the nerth bank of Iron Creek where it

entere Seymour Creek,
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KVI. Water from Iron Creek, This stream is about ten feet
wide where it enters Seymour Cfeek, but fairly shallow, It is
called "Iron" Creek because of the peculiar red silt deposited
in its 5ed, .
XV1i, Subsurface sand on the opposite bank of Iron Cresk,

. taken twelve inches below the surface,

RESULTS OBTAINED,

Phe ofganisms-expecially sought for were the lactose
fermenters and the fluorescent organisms, No specific atten-
tion wes paid to the cocci forms, The aerogeneg type of organ-
ism was found in the following situétions - Samples Nos, 1, 2,
3, 4, 5, 7, 8 and 15, The ilggxgﬁgggj‘typg of organisﬁ was
found 1n.a11'samples exéept Nos, 12 and 13, The glow lactose
fermenting type was found in Samplesvz, 3, 6, 9, 10, 11, 12,
‘14, and 17, Sample No, 13 showed no growth of any kind, This
sample is from the sandstone beneath the clay layer at the
"Large Slide%", which would indicate that the clay layer was

écting as a filter against any organisms in the soil above the

clay,
From the studies of these samples 1t seems that the
glugggsgggﬁ type of orgenism is found almost comstantly in all

samples, The agrogenes type of organism is found in samples

taken from surface water or surface soil, Where deeper so0il

samples were taken the type and not the

aerogenes type of organism is found; and this_glow lackose
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Zermenting type is found in all samples of water, It is inter-
osting to find that at the intake and in doth the east and west
tanks 0f the upper intake all three types of organisms wers

found, but that the sample between the acresns showed only the

210w lactose fermenting types and the fimorsscent types of

organiems,

CONCLURIONZ,

Prom the data ocollected in thls investigation 1t
would seem that the fluorescent type of organism found is a
water form constantly present in the water supplys that the
Blow lactose fermaniing type is a soil organism whioch obtains
fairly easy access to the supply, and that the garogenea type
is probably a grain or grass form which obtains entrance to the
supply only after the watershed has been drenched with a con-

sideradle rainfall,
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