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ABSTRACT

The Yukon R1ver passes through the town of Wh1tehorse, Yukon
Terr1tory, where it rece1ves effluent from two sewage 1agoon systems as
-well as storm sewers, This study is a chem1ca1: and bacter1o]og1ca1
impact assessment of river water quality before and after cohstrdctionA
* of the largest lagoon system. Analyses were performed by the Environ-
mental Protection Service (EPS) ]abohatOries<in West Vancouver, British
Columbia, using standard methods. Bacteriological analyses were
performed by EPS staff in Whitehorse using membrane filter techn1ques
for total and faecal coliforms. - . ' _

Water chemistry resu]ts_suggest'an oTigotrophic river system .
which shows an insignificant chemical‘impact from nunicipal_efflents.
Bacteriological results show characteristics found “in. other northern
rivers receiving municipal effluents.u Recreational use standards for
faecal co]1forms of 200 counts per 100 m11111tres are’ exceeded by
1nd1v1dua1 samp]es taken downstream of 1agoon d1scharges, espec1a11y ‘
dur1ng r1ver 1ow flow cond1t1ons. "The study shows that the lagoon
systems have made no s1gn1f1cant reduct1on in faeca] co]1form counts in
the river as - compared to the d1scharge of raw sewage._
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RESUME

Whitehorse (Terr1to1re du Yukon) est arrosée par le fleuve
Yukon dans lequel se deversent les eff]uents provenant de deux systemes
d" etangs de stab111sat1on, a1ns1 que des egouts. R etude,i dont ceci
est le resume, a pour obget d' evaluer 1a’ qua11te ‘de ‘1'eau de ce fleuve
du p01nt de vue chimique et b1ologlque, avant et apres 1 amenagement du
systeme d' etangs de stab111sat1on 1e plus 1mportant.4 Les ana]yses ont
ete fa1tes suivant des methodes eprouvees, par 1es ]aborato1res de
Vancouver ouest (Co]omb1e Br1tann1que) du Serv1ce de la protectlon de
1'enVironnement. Quant aux ana]yses bacter1olog1ques, e]]es ont ete

faites par Te personnel de Wh1tehorse du Service de la protection de

1 env1ronnement par les techn1ques ut111sant les fl]tres a membrane
pour 1° ana]yse des coliformes totaux et fecaux.

Selon 1es résultats de 1° ana]yse ch1mique' de 1'eau, nous
avons affaire a un systéme ffuvia] o]1gotroph1que, ou Tles Aeff]uehts
mun1c1paux Jouent un role 1ns1gn1f1ant sur la compos1t1on ch1m1que. Les
résultats des ana]yses bacter1o]og1ques reve]ent' Tes memes
caracter1st1ques que pour d' autres r1v1eres septentribna]es fecevént
des effluents municipaux. Les echant1]10ns preleves en ava] des po1nts

de décharge des étangs de stab1]1sat1on cont1ennent plus que Tes 200 -

coliformes fécaux pér 100 m111111tres d'eau qu1 representent la norme
exigée pour les usages d'ordre recreatlf, surtout aux moments de
1'année ol le débit est réduit. L'étude montre que les systemes des
étangs'de stabilisation n'ont pas reduit le nombre de coliformes fecaux
du fleuve de fagon significative, en comparaison de la decharge des
eaux d'égout brutes.
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1 INTRODUCTION

. 1.1 Rationale

The Environmental Protect ion Service (EPS), Yukon Bkanch,
undertook a four-year study (1977-80) to determine the impact of the
City of Whitehorse sewage discharges on the Yukon River near Whitehorse
(Figure 1). The primary objective was to measure the changes in the
water quality and bacteriological conditions of the river following the
construction of a large sewage treatment féci]ity (Bethell, 1981). In
particular the study was designed to determine the effect of municipal
effluents on the receiving water and to see if the lagoon system
improved receiving water quality. |

1.2 Background

Prior to January 1979, the City of whitéhorée discharged raw
sewage directly into the Yukon River near Station 4 and by Takhini
Subdivisioh, Whitehorse, near Station 6 (ngure 2). An anaerobic
lagoon facility became operational in Porter Creek July 1976. Prior to
this date the subdivision was on .private septic tank systems. The
lagoons were poor]y‘constructed'ahd.berm failure occurred in December
1976. The sewage then bypassed the lagoon and discharged directly into
the Yukon River downstream of Station 14 (Figure 2). ~ During the
repairs the lagoons were lined and berms re-constructed. The facility
began operating again in October 1977. ’
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2 STUDY . AREA

The study area is located at 60°43'N latitude and 135°03'W
longitude in the central sdufhern part of the Yukon Territory (Figure
1). The Yukon River at Whitehorse drains a series of deep, inter-
montane lakes, and upstream of the sample stations it passes through a
small hydroelectric installation. Consequently ;one might expect the
river ‘water to be somewhat warmer and less turbid than comparable
rivers at these latitudes. It has a mean flow of 240 cubic metres per
second, with a maximum flow in August of 493 m3/s and a minimum
(regu]dted) flow in April of about 100 m3/s.

' Whitehorsé has a population of about 15,000. Its municipal

effluents are similar to those of southern towns except that widespread

use of bleeders on water Tines in winter to prevent freezing causes the
sewage to be comparatively dilute and cold. Other than these effluents
and storm sewer drainage there are no other man-made discharges to the
river in the study reach.

The sampling stations commence at the Robert Campbell Bridge
in the City of Whitehorse, and extend 38 kilometers downstream to Lake
Laberge. A total of 22 stations were samp]ed‘thrdughout the study
period (Figure 2). A descriptioni of the sample sites is provided in
Table 1. Table 2 illustrates the frequency of sampling, and Table 3 is
a schedule of sampling throughout the duration of the study.




ab4aqe 9je] 03Ul abJRYOSLp J3ALY cox=>

. WedaLJSUMOp  Z2°0¢€
J0 weauysdn “jueq 3Sam pue sbul|id udam3aq |[auueyd-plLy YA
weassumMop 9°2e . pue[SL ue Aq QZ# 40 weaulsumog Aww
WeaAISUMOp  G°*PT pue|sL ||ews
KQ S4dALY uoynj vcm LULyje] 40 3dUdN|JUOD JO WAL ISUMO( 02
WeaaJSuMop 46 9bpLJ4q e J4DALY LULYYRL JO |Buueyd-piW 61
WeadJsSuMop (Q°p SU3ALY uOyNA pue
uLyyey jo mocms_m:ou JO weaulsdn A|ajelpauwwl |[duueyd-pLW gy
WeaaJsumop Q°g J2A LY
UOXNA 9Y3 pu® 394D paweuun ue JO JJUSN|JUOD 3B [BuuRYI-PLY Lr
weaJsJsumop 1°¢ yueq 3S8M - Y994) 43YON0J) WOL} wedadjsuMmop puaq bde| 3y o
weaJd3sumop 1°2 |suurYd-pLYy s
WweaJsumop 1°¢ jueq 3sej - 4994) JIYON0J) WO44 WeadJsumop puaq Sbue| Iy v
WRdJAJSUMOP HT1°T qURQ 3SSM 3@ J4BALY UOYNA PuR PIJ) JBYONOJ) JO BdUIN|JU0D Iy .&w
weaJdsumop $1°1 ~ |auueyo-pLy 2k
Wwea43SuMop $1°1 jueq 3SeJ 3@ JBALY UOYNA -puUR ¥BBJ) JBYDNOJ) JO DUBN|JU0D Iy 1§%
weaJ3SuMop  G°*Q L1R43IN0 9SIOYIJLYM MO|DQ ueq ISIM 1) 3
WeIAISUMOP G°*Q [ [R43N0 3SJIOY3FLYM MO|3q |duueyd-pLW 6
WeIJISUMOp G°Q LL®JIN0 3SU0Y33LYM MO|dq jueq 3se] s
wea43sdn gg°Q S|auueyd jo mu:om;m>=ou 4933 duing »u.u 9SJ40Y33LYM MO |3g
weaJsisdn gg°1 dung A3L) 9SJOYDd3ILYM JO weaulsdn €[ |e43IN0 LuLyye] mo|ag WW
weadisdn /°¢ eOJR | |dMJBY BYF UL pUeA UOLIONUISUO) PLBA WOJS SSOJIY G
weadysdn (°9 |BuuBYOo-pLW “BPLS 3SPI “EL# WOJLS pue|SL SSOJDY b4
weasisdn 1°9 apLs 3samM awn|d Juan|jse ul |'|e4Ino beMIS g/-//61 MOL9q ,02 %
weauaysdn g/ |QuueYO-plu ‘uoL3RlS SSBJ DILYM WOLF SSOUIY b
weadysdn (°g obptJag [ |8qdwe) 3J49qOY 43puUn {IUURYI-pL}Y 1%
TIV41N0 ISYOHILTHM WOYL NOILdI¥3S3d d3GWNN
SYILIW0TIN NI JONVISIA NOILVIS
d3ATY NOXNA NO SNOILVLIS ONITdWYS 40 NOILd4I¥IS3d T 3718Vl



TABLE 2

SAMPLING FREQUENCY DURING YUKON RIVER STUDY

MONTH

1977

1978

11979

1980

JANUARY
FEBRUARY
MARCH
APRIL
MAY
JUNE
JULY
AUGUST
SEPTEMBER
OCTOBER
NOVEMBER
DECEMBER

x

x X x X
>

x

X »x X x X X

x X X X X X X

TOTAL RUNS/YEAR

10




STATION SAMPLING SCHEDULE FOR YUKON RIVER STUDY

TABLE 3

1979 4 = 1980

1978 3

1977 2
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*In 1978 sampling was done twice in the months of June, August and December.




3 . METHODS

3.1 Water Quality

Temperature,-Conductivity and pH were measured in the field
at each site. Samples were collected for analysis of nutrients, ionic
constituents and metals. The analyses were performed at the Environ-
mental Protection Service Regional Laboratory in MWest Vancouver.
Appendix I describes standard sampling, preservation and analytical
procedures used for all parameters.

3.2 Bacteria

Bacteria samples were collected for total coliform counts in
1977 through to 1980, and faecal coliform counts in 1978 through to
1980. These samples were analyzed at the Whitehorse Laboratory using
the membrane filtration technique. Total coliform densities were
analyzed on Difco-M-Endo Agar after an incubation period of 18 to 24
hours at 35°C + 0.5°C. Faecal coliform densities were analyzed on
Difco M-FC Agar after incubation at 44.5°C + 0.2°C for 18 to 24 hours.
No preincubation period at room temperature was used for faecal
coliforms.



4 RESULTS AND DISCUSSION

4.1 Water Quality

The water quality data obtained in this study are presented
in Appendix II.

Parameters indicative of sewage contamination are nitrate,
nitrite, phosphate, ammonia, chlorine, hydrocarbons (TOC) and heavy
metals. ’

4.1.1 Nitrite, Nitrate, Ammonia and Phosphate. Elements nitrogen
and phosphorus are essential for plant and algae metabolism and as such
are known as nutrients. Although other elements such as .trace metals
and organic carbon are required for biological growth, nitrogen and
phosphorus are considered tobbe the most important nutrients, for in
excess they can lead to algal blooms and a deterioration of conditions -
in the receiving environment. o _ : »

The Working Group on Water Quality Objectives (1977) has
suggested a Quideline of 1.0 mg/1 maximum acceptable concentration for
nitrite for public water supply. For the most part during the study
the cohcentrations of nitrite neééured were below the detection limit
of 0.0050 mg/1 and the highest value encountered was 0.0520 mg/1 at
Station 19 in July 1979.

The values for nitrate were well below the recommended gquide-
line (Working Group, 1977) of 10 mg/1 maximum acceptéb]e concentration
with the"highest value obtained at Station 3 of 0.94 mg/1 in
October 1977.

The recommended limit of 0.5 mg/1 for ammonia as set by the
Working Group on “Water Quality Objectives was exceeded on two
occasions. Values of 1.7 and 1.4 mg/1 were encountered at Station 3 in
1977 in May and Octbber respectively, however these samples were then
within the effluent plume. All other values were near or below the
detection limit of 0.0050 mg/1. |
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Sources of phosphate in natural waterways are faecal matter,
household products such as detergents, decaying plants and phosphate
rocks.  Phosphate occurring naturally in waterways rarely exceeds
0.05 mg/1. Orthophosphate is the uncombined phosphate ion, which in
this form is available to plant and algae. Due to the fact that the
analyses were performed in Vancouver and would not be completed within
six hours, orthophosphates were not analyzed after April 1979.

The parameter total phosphate includes all phosphate com-
pounds. The total phosphate results were generally low, although
higher values occurred during the winter months. The highest concen-
tration of 1.165 mg/1 was encountered in January 1979 at Station 8,
below the Whitehorse sewage outfall. Several of the samples taken near
the entry to Lake Laberge (Stations 20, 21 and 22) had relatively high
phosphate concentrations, although none of these values exceeded 0.1

mg/1.

4,1.2 Chlorides. Chlorides may be derived from human or domestic
sewage. The Working Group on Water Quality Objéctives (1977) has
recommended a guideline of 250 mg/1 for a public water supply.
Chloride analyses were done only in 1979 and 1980 and these results
were mostly below the detection level of 0.50 mg/1.

4.1.3 Total Organic Carbon. Organics discharged from domestic

sources may seriously degrade the receiving water by causing problems
of taste, odour, tdxicity and depressed oxygen content.

Total organic carbon (TOC) is a technique for estimating the
organic pollution in water and wastes. The Ontario Ministry of the
Environment (1978) has recommended a maximum level of 5.0 mg/1 for
their public water supply. This value was exceeded twice in May and
October of 1977 at Station 3 with concentrations of 7.0 and 8.0 mg/1
respectively. Station 3 was located at the old raw sewage outfall.
The remaining samples were all low with some below the detection Tlimit
of 1.0 mg/1. |
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4.1.4 Metals. There appears to be few anomalies in the metal
parameters analyzed. Silver, arsenic, cadmium, cobalt, chromium,
molybdenum, nickel, antimony, tin and vanadium were all below the

- detection limits throughout the study.

Iron exceeded the limit of 0.3 mg/1 as recomméended by the
Working Group of Water Quality Objectives (1977) on many occasions
throughout the study. Most frequently the highest concentrations
were encountered at Station 19, at the mouth of the Takhini River.
Station 8 had the highest concentration of the study with a value of
5.3 mg/1 in January 1977. This station usually exceeded the limit but
was normally below 1.0 mg/1. High values during summer could be
attributed to leaching of iron from soil during heavy runoff, but this
fails to explain the occurrences during winter months.

Mercury was detected once at Station 7 in May 1977 with a
concentration of 0.00023 mg/1. This is below the acceptable limit of
0.002 mg/1 as recommended by the .Working Group of Water Quality
Objectives (1977) for public water supply. In 1977 and 1978, analysis
for mercury was the open flameless system, enabling a detection point
of 0.00020 mg/1. For the remainder of the study mercury was measured
on the ICAP which has a detection limit of 0.10 mg/1. The rest of the
samples were below the latter detection point. V

The Working Group on Water Quality Objectives (1977) has
recommended ankacceptable level of 0.05 mgll of manganese for public
water supply. This limit was exceeded on severé] occasions throughout
the study. The California State Water Resources Control Board (1963)
has set a limit of 1.0 mg/1 to protect aquatic life. This limit was
exceeded only once on July 7, 1978 at Station 14 with a concentration
of 1.49 mg/1. | |

A concentration of 0.05 mg/1 of lead has been recommended by
the Working Group on Water Quality Objectives (1977) for public Water
supply but 1977 was the only year when the detection Tlimit (0.02) was
below this level. An excess could be seen in May, 1977 at Stations 1
and 3 with the highest concentration being 0.090 mg/1. Concentrations
of lead in all other years Were be]ow detection 1i mit.
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An acceptable level of 5.0 mg/1 has been recommended for zinc
for public water supply (Working Group on Water Quality Objectives

1977). A1l the results were near or below the detection limit of 0.020
mg/l.

4,1.5 Disso]ved»Oxygen. The solubility of oxygen in water varies

with atmospheric pressure and temperature. Since oxygen is a poorly

soluble gas, its solubility varies in direct proportion to the
atmospheric pressure at any given temperature.

There are two sources of dissolved oxygen for the Yukon
River: surface reaeration and photosynthetic reoxygenation. Surface
reaeration 1is the more important with photosynfhetic reoxygenatibn
contributing primarily during the summer.

The Yukon River was always well saturated with dissolved

oxygen which ranged from 82 to 124 percent saturation, (9.1 to 13.5

mg/1).

4.1.6 pH. pH is a very significant water quality parameter as it
may influence the chemical speciation of metals and affect some organic
compounds in an aquatic system. HoweveF, the pH values remained fairly
consistant throughout the study, ranging from neutral (pH 7.3) to
slightly basic (pH 8.55) conditions. This range is not expected to
cause any adverse effects in this environment.

4.1.7 Conductivity, Alkalinity and Hardness. Conductivity values
between 150 andvrsdo ﬁumhos/cm (25°C) are considered acceptable for
specific conductance for support of fish populations in streams and
rivers. Alkaline western streams can support fish adequately to 2000
umohs/cm‘(Environment Canada, 1976).
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The conductivity *values were low, ranging from 34 to 236

| umhos/cm about a mean of 67 umhos/cm. Values in May were s]ight]y

lower than summer values. InlTand Waters Directorate results (1975)
show an average of 102 umhos/cm at a point on the same river section.
Alkalinity of 1less than 30 - 50 mg/1 (as CaC03) is
considered low, and natural water rarely exceeds 400 - 500 mg/1 (as
CaC03). The best range for aquatic life is in a pH of 7 to 8, with
alkalinity of 100 mg/1 (Environment Canada, 1976).
The total alkalinity results were low and ranged from 21.0 to

- 133.0 mg/1 (as CaCO3). This also indicates that the buffering

capacity of the river is low.

The total hardness results throughout the study indicate that
the water is soft (less than 60 mg/1 as CaC03). Hardness is a
measure of cations (Ca, Mg) which react with surfactants to form
precipitates. Soft water 1is desirable to promote lathering of
surfactants and prevent pipe cloggage. Conversely, soft water
increases the sensitivity of fish to toxic metals.

4.1.8 Colour and Turbidity. True colour is caused by natural
substances such as colloidal organic materials. (Apparent colour is
due to suspended matter). Colour generally increased with an increase
in pH and with the eutrophication process.

Turbidity is a measure of the way in which suspended matter
causes light to be scattered or absorbed rather than transmitted
through the water column. It is caused by clay, silt, fine organic and
inorganic particies, and microscopic organisms (Rand et al, 1976).

The colour and turbidity results were low, indicating fairly
clear water.

4.1.9 Non-Filterable Residue - NFR. The non-filterable residue is
equivalent to the more familiar suspended solids and is measured as the
solids fraction retained by a pre-weighed, standard glass fibre filter
paper.
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Although the NFR results fluctuated throughout the study they
were genera]Ty lTow (less than 100 mg/1), but some elevated results did
occur during January and February 1979. The highest -result recorded
(1460 mg/1 NFR) was at Station 8 in January 1979. The new City of

Whitehorse sewage lagoon came into operation in January 1979 and
Station 8 1is immediately downstream of the outfall. Thus the high

levels recorded in January and February 1979 possibly reflect suspended
solids that were flushed from the newly constructed lagoons and do not

represent a continuing situation. The lagoons appeared to rapidly
stabilize and high NFR levels in the Yukon River were not observed

again during the study.
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4,2 Bacteriology

Coliform bacteria are gram negative, rod-shaped bacterial
ordanisms. They are metabolically facultative in that they ¢an grow
either aerobically (in the presence of oxygen) or anaerobically (in the
absence of oXygen). In public health evaluations of water, total and
faecal coliforms are used as indicator organisms for more dangerous
pathogenic bacterical conditions. Their presence suggests potential
for contamination by enteric (intestinal) bacteria, many of which can
be extremely pathological to mankind. There is no definitive correla-
tion between numbers of coliform and of pathogenic bacteria. Although
faecal coliforms typically inhabit the intestinal tracts of man and

warm-blooded animals, their presence in water is indicative of sewage
contamination (Stanier et al, 1963). Waters contaminated by sewage

are therefore a potential source of intestinal disease.

Bacterial genera Salmonella and Shigella are agents of intes-
tinal disease in mankind and can cause, for example, dysentery, typhoid
fever and 'food poisoning'. These pathogens are transmitted almost
exclusively by faecal contamination of water, fopd and milk. Faecal
coliforms are also indicators of disease-cauéing viruses such as
poliomyelitis found in sewage and faeca]-contéminated water and food.

In municipal and domestic wastewater the bacterial count is
directly related to the strength of the sewage. Although The City of
Whitehorse has dilute sewage - about one third the strength of normal
municipal sewage. The bacteriological results show both total and
faecal coliform counts one order of magnitude or approximately one
tenth that of normal municipal sewage (Bethell, 1981).

The City of Whitehorse lagoon system discharges an average
3.64 million gallons per day (MIGPD) or 0.19 cubic meters per second of
treated sewage. The minimum dilution ratio of this treated sewagé into
the Yukon River, which has a monthly minimum flow in April of
90.2 m3/s (Inland Waters Directorate, 1980), is approximately 500 to
1. These conditions would apply to Sample Stations 17 to 19.
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Summer monthly maximum flows (August) of 493.2 m3/s would give a
dilution of 2500:1. The Whitehorse and Porter Creek lagoons discharge
coliform bacteria at average seasonal rates as shown in Table 4.
Assuming that there is a complete mixing with the entire river flow,
and the sampling program repfesent an average sample, the coliform
counts in the Yukon" River should never exceed theoretical values
calculated for the low flow period which usually occurs some time
between February to May (Table 5).

The assumption that complete mixing occurs is based on moni-
toring before and after lagoon construction. Before the treatment
facility was commissioned, surface sampling across the river demon-
strated that transverse mixing had not occurred even some twenty kilo-
meters downstream (Appendix II). Smith and Gerard (1980) report that
transverse mixing does not occur even 20 kilometers downstream from a
point source of effluent.

The outfall system on the City of Whitehorse sewage treatment
facility uses a diffuser across the Yukon River. While the mixing
process is essentially a two dimensional phenomenon, it uses the full
width of the river. The bacterial results following completion of the
Whitehorse lagoons in late 1978 show that the sewage has mixed with the
entire river in the immediate reaches downstream from the outfall
(Appendix 1II). Effluents from the Porter Creek 1lagoon have much
smaller flows and enter the river as a point source; there is no
diffuser.

The theoretical faecal coliform counts can be compared to the
maximum level of 200 organisms per 100 ml sample recommended by the
Working Group on Water Quality Objectives (1977) for recreational water
use. Seasonal average coliform counts as high as the theoretical
values or higher than recreational standards have been found during the
study. Occasionally during both summer and winter individual monthly
samples were much below theoretical values and the proposed recrea-
tional standard. (Appendix I1). Some individual faecal coliform
counts as high as 800 organisms/100 ml were recorded. This information
is important for utilities planning. From a Public Health protection
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TABLE 4 AVERAGE BACTERIOLOGICAL COUNTS DISCHARGED FROM
ANAEROBIC LAGOONS IN WHITEHORSE PER 100 m!

1 WINTER SUMMER
|
City of Whitehorse* :
total coliform : 1,800,000 1,120,000
faecal coliform I' 320,000 180,000
Porter Creek** :
total coliform : 5,500,000 2,500,000
faecal coliform : | 1,100,000 400,000
|

*  Bethell, 1981
** EPS - Yukon Branch Files, 1979 and Nov. 1981 - single grab samples
only
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TABLE 5 CALCULATED BACTERIOLOGICAL COUNTS IN THE YUKON
RIVER AT VARIOUS FLOWS (Counts per 100 ml)

LOCATION DOWNSTREAM CALCULATED DILUTION

CALCULATED DILUTION

OF APRIL MINIMUM FLOW AUGUST MAXIMUM FLOW
Whitehorse 3600 total 450 total
640 faecal 70 faecal
Porter Creek (only) 640 total 160 total
110 faecal 26 faecal
calculated total ) 4200 total 610 total
both lagoons ) 750 faecal 96 faecal

 k *k k k k k k k k k& k k k k k k k& k k * *k k k& k k k k *k *k k *k k *k Kk *

February/August 1980) 1400 total
(downriver sampling ) 388 faecal

(Feb)

385 total (Aug)
43 faecal
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viewpoint, these faecal coliform cbunts should be reduced.

A summary (Table 6) of the average total and faecal coliform
counts before and after the commencement of the City of Whitehorse
sewage treatment lagoons demonstrates the following phenomena:

(i) that the City of Whitehorse sewage treatment
lagoons have not significantly reduced the
number of coliform bacteria for up to 22 km
downstream of the outfall;

(i) that there does not appear to be any significant
die-off of both total and faecal bacteria for up
to 22 km downstream from the outfall;

(iii) that there appears to be an increase in survival
of both total and faecal coliform bacteria
during winter. |

The present study did not examine the mixing characteristics
and cannot provide definitive assessments of the bacterial die off
processes. . However, it seems as though the treatment facility has not
sighificant]y reduced the number of total and faecal coliforms
downstream of the outfall over the raw sewége situation. The treatment
facility does reduce the number of coliform bacteria by about 70
percent (Bethell, 1981), but the viable organisms discharged appear to
remain active over the entire reach of the river studied; there is no
discernable die off of coliform bacteria (Table 6).
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Ratios of total coliforms to faecal coliforms can illustrate
the effect of the operation of the sewage lagoon system. During
1977-78, before the treatment lagoons were constructed, numbers of
téta1 coliforms were 6 to 8 times greater than faecal coliforms during
winter ‘flows. These results can be compared to a 1975 study on the
bacterial content of the Tanana River in central Alaska
(Davenport et al, 1976). The Alaskan data show a total to faecal

~coliform ratio of 4.5 close to the discharge, declining to 2.6 at a

point some 300 kilometers downstream, with sampling done in March, and
water temperatures close to 0°C. It would seem that survival of total
coliforms is enhanced by warmer water; or conversely, that faecal
coliform species are more resistant to cold thermal shock.

The total to faecal coliform ratios illustrate the effect of lagoon
construction. Total coliform counts were reduced or faecal coliform
survival was enhanced, so that the ratios obtained were about 4,
compared to 6 or 8 before lagoon construction. This shows that the
lagoons cause a die-off of total coliform species. Alternatively, work
by Smith and Gerard (1980) suggests that faecal coliforms may
acclimatize to the physical conditions in northern anaerobic sewage
lagoons. The present study does not show that this process is occur-
ing, but rather that following installation of the 1lagoons, and
particularly during the winter, nearly half of the total coliforms are
absent from the sample station downstream of the outfall (Table 6).
Most important is the observation that there has been no substantive
reduction in the numbers of faecal coiiforms in the Yukon River after
lagoon construction.
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5.0 Conclusions

The water quality parameters measured were generally very low
and often near or below the detection limits of the analytical method
used. There are some exceptions to this generalizdtion.
Concentrations measured exceeded proposed water quality objectives for
ammonia and total organic carbon during 1977. Iron, manganese and lead
exceeded the proposed water quality objectives (1977) for the Yukon on
several occasions. Possible sources of these metals may be gasoline
for lead, and snow scrapers and natural Tleaching for iron and
manganese, carried through from street drainage in the storm sewers.

Yukon River water was well saturated with oxygen. The pH

ranged from near neutral to slightly basic conditions which is quite
natural for this environment. Temperature fluctuated with seasonal

conditions from 0°C to 15°C. Specific conductivity, alkalinity and
total hardness-WEre low, indicating soft water. Colour and turbidity
results were also low, indicating fairly clean water. Non-filterable
residues were less than 100 mg/1. Overall the water quality parameters
suggest an oligotrophic water body indicative of a system with fairly
Tow biological productivity.“n '

The bacteriological results indicate that the City of
Whitehorse lagoons have not significantly reduced the number of
coliform bacteria over the study reach. There does not appear to be
any significant die off of coliform bacteria; in fact, there appears to
be an increase in survival of coliform bacteria during winter.

Faecal coliform counts in the Yukon River downstream of
Whitehorse average in excess of 200 counts per 100 ml, which is the
standard used by most jurisdictions as a maximum for safe recreational
water use. While samples collected in summer flow conditions showed
less than 200 counts, those taken in low flow conditions were sometimes

greatly in excess of the standard.
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APPENDIX I

WATER SAMPLE COLLECTION, PRESERVATION
AND ANALYTICAL METHGDS
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APPENDIX II

MONTHLY WATER CHEMISTRY AND BACTERIOLOGICAL DATA
FOR 1977 THROUGH 1980 INCLUSIVE
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