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ABSTRACT

Pr1or to ‘this study only limited information was available
regard1ng Prince George stormwater and sewage discharge characteristics
such as tox1c1ty, heavy metals and chemical contaminants. Results

- from the bioassay determinations show that the majority bf_the storm sewers

tested as well as the Prince George Sewage Treatment Plant discharge
were toxic to juvenile coho salmonids (Oncorhynchus nerka).. Effluent

from the Prince George Sewage Treatment Plant was also shown to contain
high levels of residual chlorine. The treated sewage discharges . from’
Prince George Pulp and Paper Limited, Intercontinental Pulp Limited which
have a combined treatment system,, and Northwood Pulp and Timber Limited
were non-toxic and contained few chemical contaminants.

The results of this study will provide some of the information
requ1red to assist in the development of adequate standards and/or guidelines
for env1ronmenta1 controls applicable to municipal wastewater qua11ty
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1., INTRODUCTION

- Dur1ng 1971 and 1972 Environment Canada conducted a. study
to document a number of spec1f1c wastewater character1st1cs of d1scharge
from the Greater Vancouver Sewage treatment plants and major sewers. ’

“The study was undertaken to prov1de baseline data requwred to-assist

Env1ronment.Canada in the deve]opment of reasonable and atta1nab1e
standards or guide]ﬁnes with respect‘to'domestic and municipa] wastes

To supp]ement the information collected in the Vancouver area,
a study on the Prince George area was conducted dur1ng the summer of 1973.

As with the Vancouver study, the Prince George study is essentially-

an extensive sampling and test1ng program to document existing characteristics

~of local storm and sewer systems and treatment facilities. A total of

e]even effluent qua]1ty parameters were measured 1nc1ud1ng heavy metals
BOD?_COD, solids, pH, temperature and toxicity.

2.. . - STUDY AREA ‘
During the time of this survey the City of Prince George had

a popu]at1on of approximately 35,000 people. The city is heavily 1ndustr1a11zed

and is serviced by both storm and sanitary sewers. The flows from the -

- above sewers'are kept separate and as far as the city is aware, no
_vwastewater‘is being discharged into the storm sewers. |
2241 Storm Sewers ‘

' Dur1ng the study a total of eleven storm sewer outfalls
were monitored. ~Storm flows consisted primarily of yard drainage and
street runoff with discharges from car wash operations included. Except

"~ for samp]e points 6,7,8,9, and 10, all stormwater outfalls monitored

dur1ng the survey d1scharged d1rect]y into either the Fraser or Nechako

‘R1vers The rema1n1ng five outfalls discharged to Patr1c1a Boulevard

Canal and Hudson's Bay Slough and from there into the Fraser R1ver
2.2 City of Prince George Sewage Treatment Plant
During the samp11ng program, the degree of treatment

‘provided for wastes_emanating from the City of Prince George was primary
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treatment.+ Incoming wastewater consisted largely of sewage and industrial
wastewater'A No attempt was made dur1ng this survey. to determ1ne the
approximate contribution to the Prince George Sewage Treatment Plant
total discharge of either industrial wastewater or sewage. The total
Vo]ume,of‘f]ow from the Sewage Treatment Plant was approximately -
2.5 mi]Tionulmp. Gal/day. As previously mentioned stormwater is
collected separately and discharged without treatment.

The primary treatment plant was designed to screen, barminute

-and chlorinate seWage prior to discharge to the Fraser River. The

influent to the headworks passed through a coarse screen where so]ids.

of 3" diameter ofllarger were trapped and removed. Downstream of the
coarse screen was the pre-chlorination injection point and diffuser. The
flow then passed through the barminuator which shreds solids to 3/8"
nominal size or smaller. Following barm1nat1on, the sewage passed
thkough a Parshall flume and the flow was automatically recorded. - At
ths.point an electronic signal activates the chlorinator. The chlorine-
injection point and diffuser are located at the entrance to the contact
tank and chlorine is added proportional to the flow. In the chlorine
contact tank, mechanical paddles continuously stir the sewage to provide
adéquate'mixing and prevent solids from settling out. Chlorinated sewage
was - then discharged to the Fraser River. A bypass.akound the chlorine

" contact tank has been provided for emergency use during maintenance

operations. Discharge is to the Fraser River south of the City.
(See Figure I). ‘ '

2.3. Sewage Treatment Facilities for Pulp and R;per Mills

Prince George Pulp and Paper Co. Limited and Intercontinental
Pulp Co. Limited jointTy share domestic waste treatment facilities. The
treatment system consists of two anaerobic lagoons. Overf1ow'from>the
two lagoons is allowed to cascade over a series of aeration riffles and is
subsequently dischgrged into the Fraser River. Also there was no
disinfection of thé'16 000 Imp. Gal/day discharge. At the time of this
study, a sp1rogester has been provided to treat sewage from the
Northwood Pulp and Timber Ltd. mill complex prior to discharge into the

_Fraser River. The approximate flow is 32,000 Imp. Gal/day and the

discharge was not disinfected.

+ A new secondary treatment plant was completed during the latter part of -
1974, ' - -
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‘Table 1: STORM SEWER SAMPLING STATIONS

sample Station L '."'*Description,+;
1 o East end of lst‘Ave;; near Patricia St.
‘Dlscharge primarily street runoff

Contlnuously flow1ng.

2 - o Wesfiehd of 1st AVe., near old Fraser
' River bridge. o
- Discharge primarily industrial yard drainage.

Continuously flowing. .

3 . m“ West end of ist'Ave., near old Fraser
River bridge. -
Dlscharge primarily runoff from residential
areas and p0331bly 1ncludes runoff from .
service stations. R
'Occasionallyfflowing,‘mainly_dufihg-wet»

- periods.

a4 ‘ - North end of Lyon St. near' the new Fraser
River brldge. ‘ | o
o 'Dlscharge prlmarlly runoff from re51dent1al
areas.

Flows only during wet periods.

5 . North end of Ospika Boulevard.
. -Dlscharge prlmarlly runoff from re51dent1al
areas.

Flows only durlng wet perlods.

*Note: Due«to'variability in weather conditions which affected

flows of storm sewers flow volumes were not estimated.

+ Informatlon from personal communication with Clty of Prlnce

George englneerlng department.'
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Close to Bypass and No. 16 Hwy. near

senior secondary school.

4Dlscharge primarily runoff from carwash

on 15th Ave.  Spruceland Shopping Centre,
Motels on 15th Ave. and Central Way.

Contlnuously flow1ng.

Carney Hill and 20th Ave..
Dlscharge prlmarlly runoff from re51dent1al‘j
areas. -

Flows only during wet perlods.

Wlnnlpeg and 15th Ave.

Dlscharge prlmarlly runoff from re51dent1al
areas_ and carwash operation. ' 4
Flows during wet periods and occasionally

during other times.

West‘end.of'Strathcona-Ave.h,near No. 16
Hwy- ‘ o . 4 o P
Discharge primarily runoff from residential

areas.

'Elows'only during we£ periods.

Mllburn St. near MacDonald Ave.

" Discharge prlmarlly runoff from res1dent1al

areas. A
Flows only durlng wet perlods.

' Ferry Ave. near Williams St.

Dlscharge prlmarlly runoff from re51dent1alf

areas .

VFlows only durlng wet perlods.



3. MATERIALS AND METHODS

o The 1973 pre11m1nary eff]uent qua11ty survey of the Prince
George municipal ‘and stormwater d1scharges was carried out dur1ng the.
period June 6 - Ju]y 24. ' '
3.1 SampTe Stat1ons_

» The des1gnated study area included the mon1tor1nq of 11 storm
sewer outfalls, the City of Prince George sewage treatment plant. d1scharge o
and the domestic sewage discharge from the three pulp-mills - Prince George
Pulp and Paper Limited, Intercontinental Pulp Limited, and'Northwood'Pulp |
and Timber Limited. The locat1ons of the sampling s1tes are . 1TTustrated
in Figure ], and descr1bed 1n Tab]e 1.

'3.2;i _ SampT1ng Program

Because of the var1ab111ty of sewage, 1ndustr1a1 wastewater and
vstormwater character1st1cs due to the actions of the user or weather

',_cond1t1ons, 1rregu1ar_sampT1nq dates and times were scheduled in attempts

"'to.obtain more. representative results. A1l sampling procedures and
techniques were as prescribed by "Standard Methods", 13th Edition. A1l
samples collected were grab sampTes and were co]Tected over a perxod of
approx1mate1y 10 m1nutes

[

- Due to the time factor 1nvoTved in shipping samples from Pr1nce
George to Vancouver for analysis, field preservation was necessary. Every
samp]e was received at the Vancouver Taboratory within 24 hours of co]]ect1on

Even with: the 11m1tat1ons inherent in a brief two week summer
sampling program,. the data does provide. some measure of the concentrat1ons
of contaminants and tox1c1ty levels to be expected '

3.3. Notes on Ana]yt1ca1 Methodsi- _ o

Further to the methods out11ned in Standard Methods, T3th
~ Edition, the following notes are added for further clarification;

3.3.1 MetalsA Samples for metal analysis may be classified under
four d1st1nct cateqor1es, namely dissolved, suspended total and extractable

| - metals. The meta] results reported in this ~study are dissolved and:

extractable. Dissolved metals are known to be responsible for much of
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the toxicity*of‘wastewater to fish (McKee & Wolf, 1963) while .
extractable metals are more of a potential threat to the f1shery
.‘resources and therefore must be contro]]ed very carefu]]y

. For the measurement of. the, d1sso]ved portion of meta]s,
each samp]e upon collection was acidified with nitric acid to pH 5.7
'S1nce'proper equ1pment‘was not available for f1e1d,f1]trat1on the
“sample was filtered upon arrival in the Vancouver Laboratory and
was'further acidified to pH{i 5 with COncentratedunitric'acid'

For the measurement of the extractable port1on of meta]s,
each samp]e was acidified d1rect1y in the field with concentrated
nitric acid down to a pH of 1.5.

Method The fo]]ow1ng tab]e gives detailed 1nformat1on
von the laboratory procedure used for spec1f1c metals analysis.
A]] metal ana1y51s were carr1ed out with a Jarrell-Ash Model 82- 800
»atom1c absorpt1on spectrophotometer

~

vd TABLE 2:~-»INSTRUMENT PARAMETERS }

B Metal_ | Method Primary Band  Back Ground Band’ Oxidant
S . Pass ~ Correction - Pass _ Fuel
Pb AALAPDC-MIBK 2170A 10A 2204 (Pb) 08 CoMy/air
1"2n,7 A 2139A :_1oA ~ Continuous t'.loAA.‘CZHZ/air
cd M 22884 10A  Continuous 108 Gy /air
i M 3em 1A - o Cohy/air
cr A  asan 0.5A 42547 0.5A ¢ oHy 1450
WM 230m 2n 236h o CoHy/air

Results '

- The :symbol N/D 1nd1cates that the spec1f1c metal was not detecfed

The Timits 1nd1cated below are not necessarily detection- Vimits but
are levels which are meaningfully determined with direct aspiration
and background correct1on techn1ques The Timits are in micrograms/ml
and apply to fresh water samp]es only ' '
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Cu - 0.01 : Pb - 0.1 (extract1on . 02)
Cr - 0.02 Zn - 0.01 .

Cd -.0.01 . ' ~ Ni - 0.1
The fo]iowing table gives some indication of how well a metal sample

can be preserved at various pH values.

TABLE- 3: Cohcentration of Ions In Solution versus pH*
(measured 24 hours after. preparation of solutions)

" Element Concentration Concentration of ions in the range 0.2

present initially/ to 1 ug ml-1 in-solution measured at
ug ml-1 ~various pH values 24 hours after pre-.
paration of solutions

3.5 5.0 6.5 8.0 9.5 ,11;0 12.0

_ pH 1.5
Pb 1.0 1.0 1.0 ND ND ND ND ND - -ND
Cr 1.0 1.0 1.0 0.25 0.15 0.15 0.20 0.20 0.20
-Cu 1.0 1.00 1.0 0.95 0.45 0.15 ND. ND ND
Ni 1.0 1.0 1.0 1.0 0.90 0.75 0.05 ND - ND
2n 0.50 - 0.50 0.50 0.50 0.45 0:.25 ND ND 0.25
Cd -0.20 0.20 0.20 0.20 0.20 0.06 0.06
" 3.3.2 . Phenols. Phenols are defined as hydroxy derivatives of

_arqmatic cdmpounds. The 4 aminoantipyrine test currently used to
‘quantitate phenols, measures only those phenols which react with the

reagent readily and which are initially co-distillable with water.

Method: The sample is co-distilled with water and the

‘distillate reacts with 4 aminoantipyrine at pH of 10 in the preéence of

potassium ferricyanide. This forms a yellow or orange antipyrine dye.
This dye is extracted into ch]bpoform and its absorbance is measured at
460 mu. It should be noted that this method of analysis does not measure

~a1l forms of phenols and only gives an indication of the amount'of phenols

present in the samp]e.

Resu]ts The. result is reported in mg/1 of phenol or phenol
equ1va1ents present in the sample.

Detection Limit: 0. 015 mg/] phenol (measured for pheno]

itself). Results are reported as "less than" (<) when it appeared
as if some phenols were present but the concentration was below the
level for which meaningful values could be taken but was above the
detection limit. N/D indicates that phenols were not detected.

*Analyst, March, 1973, Vol. 98.
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3.3.3 Petroleum Ether Extractable Substances. ‘
' Large”duantities of betkoleum ether extractables are found
in wastes from pack1ng p]ants, slaughter houses, rendering- p]ants,
A ref1ner1es, cotton seed processing p]ants, text1le m1115, milk
’ process1ng plants and chemical works. ‘

Petro]eum oil may be found in water wherever an agency is
engaged in production, transportat1on .0i1 loading points, ref1ner1es,
civic dumps, salvage dumps, garages and industries.

Method: The acidified sample is filtered and the residde
dried. Using a Soxlet Extractor, the ether'extractable portion is’
'removed by continuous extraction.

‘Results: Expressed-as mg/litre petroleum ether extractab]e
oil.

Detection Limit: 5 mg/1.

3.3.4 Cxénide. Cyanide (CN) occurs in effluents from gas works
and coke ovens; from scrubbing of gases at seal plants; from metal"
‘c]ean1ng and e]ectrop]at1ng processes, and from chemical industries.
If present in water, it is usually in the form of hydrogen cyan1de
(HCN) at lower pH's. A
_ _ Method: The sample containing concentrated sulfuric acid
and a catalyst is refluxed ahd distilled. The simple and complex
cyanides are converted into HCN gas, which is bubbled through a
sqdium hydroxide (NaOH) solution. The resultant sodium cyanide is
chlorinated with chloramine T and reacted with a solution of pyridine-
pyrozo]one to form a blue complex dye. This is measured colorimetrically.
‘Results: Reported in mg/litre CN
Detection Limit: 0.006 mg/1 CN
3.3.5 Residue Analysis. (a) Total Residue (TR)
The term "total residue" refers to the material left in
thé vessel after evaporation of all water. A1 natural waters'have some

residue left after evaporation and any effluent discharged into a
stream or lake will likely change this natural total residue content.
Total residue includes all inorganic salts, organic substances not
vo]éti]ized at 1030C, and suspended matter. -
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V'Method -100 mls of samp]e are p]aced in a pre we1ghed
evaporat1ng dish- and the samp]e is evaporated to dryness at 90°C The
; temperature is: then 1ncreased to 103°C for 2 hours and the dish is '
desiccated and weighed. The increase in weight 1s used to ca]cu]ate
the total res1due
| Resu]ts Expressed in mg/11tre ,

Detect1on L1m1t 2.5 mg/] per 100 ml samp]e
.(b) Non Filterable Residue (NFR) _
NFR is that portion of the total res1due reta1ned by d
a speciftc filter. The filter type and- size must be spec1f1ed o
Non-filterable residue 1s also called "suspended matter" -
‘ ~ Method: Samp]es with high NFR values are f11tered
through a pre-weighed buchner funnel, containing a GF/C -paper. The
I funnel is dried.at 1039C and re-weighed. The increase in welght is used
‘toica1cu1ate the NFR Va]ue in mg/1itre. Samples with low NFR values.
are run for total residue and filterable residue. The difference
is taken to be the NFR value. v ' A |

Results:
_Detection Limit: 2.5 mg/1 per 100 ml sample. _
3.3.6 Residual Chlorine. Chlorine is not ‘a normal- const1tuent

of}natural waters. Chlorine may be present in water as free avavlab?e
“chlorine in the form of hypoch]orous acid and/or hypoch]or1te ion, or
as a chloramine. Chlorine is a bactericidal agent used in swimming
pools, d1s1nfect1on of water and wastewater and is also used to.
improve water qua11ty. .

Free available chlorine may also be found 1n 1ndustr1a1
-processes employ1ng b]each1ng, e.g. pulp mills. _

Method - Amperometric titration method was used to
determine ch]orine residuals. Chlorine is t1trated in the presence
of potassium fodide: in the'pH range of 3.5 - 4.5. The proper pH -
range was carefully maintained. to e]1m1nate 1nterferences The
- instrument used was a wallace & Tiernan Amperometr1c T1trator Series
A - 790013. | | -

Results:  Expressed as mg/litre Cl.

- Detection Limit: 0.02 mg/1.
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3.3.7. Bioassax ~ The b1oassay test emp]oyed by E.P. S gives an

' approx1mate value of the b1o]oq1ca1 toxicity of an effluent to salmonids.
Bloassays are useful in determining the harmful effects of pest1c1des,
c]ean1nq agents, 011 d1spersants, effluents, or any de1eter1ous substance

_ : B1oassay results are not absolute va]ues The resu1ts should
be viewed as guides on]y and are subject to water ‘temperature, test
concentration, .the spec1es of fish, size, age and condition of fish, ‘as
well as other parameters at the time of testing.

Method: The B10assays at the Environment Canada Laboratory
in West Vancouver are performed in twenty-two litre alass aquaria using
~five to twenty coho fry depending on their size. The aquaria are’
placed in a constant temperature bath and are aerated through the ninety-six
hour test per1od ' ' |

B In the b1oassav lab two different tests are commonly performed
=96 hr LC50 S and 96 hr LT50 S. '

'96 hour L5 This term refers to Median Lethal Concentration

or that level or a measurable lethal agent required to kill the 50th
percentile in a group of test organisms, over the time period of 96 hours.
The 50th percent11e is meant to represent the average organism. The

Lcsd consists of a series of dilutions which allow a semi- -log plot of

the percent mortality for each concentration. From the plot it is determined
at which concentration the 50th percentile organism would die. The

terms 96 hour LCgq, Tlgy and TL give the same numerical value, and can

be used interchangeably.

96 hour LTso - ‘This term refers to Median Lethal Time . or the

time to death of the 50th percentile organism in a specific concentration or
‘level of measurable. lethal agent (used interchangeably with MST, Median
Survival Time), The exposure time must be specified, and, in this case is
96 hours. The LT50 consists of'a sinqle concentration on which frequent
observations of mortalities are made. A semi-log plot of the percent
mortalities determ1nes the time to death of the 50th percentile organism.
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For the foregoing tests fish loading denswty is 1mportant and
it should be noted that for hlgh fish loading densities (i.e. greater
than 0.5 - 1.0 gm/]) the toxicity of the sample may have been
underestimated. No fewer than 5 fish were used per concentration
with 10-20 being desirable to achieve a statistically Va]id'resu1t.
The fish stock- is acclimated to. the test temperature and dilution
water at least two weeks before being used in a bioassay. The
temperature during any single bioassay is not varied more than 2
_degrees and is maintained within the range of 7 to 15 degrees
centigrade for survival of cold water fish species. _

If aeration is used, it is kept to a minimum to reduce the
volatization of toxicants such as phenols, chlor1des, hydrogen
su1f1de etc.

. Results: Reported at 96 hr TL (used interchangeably with
96 hour LC5O), threshold, and/or 96 hr LTgg. For example: TiLy 96 -
32% (also 96 hr LCsg = 32%) means that at a concentration containing
32% effluent, the median test fish would die in 96 hours.

A reported threshold value of 10% means that at a concentra-
tion contéining 10% effluent, no test fish would die over the exposure
per1od of 96 hours. '

In a concentration .of 32% effluent a 96 hr LTg5 = 60 hrs
means that at the specified concentrat1on (32%) the median of the test
fish would die in 60 hours over a total test period of 96 hours.



4,1 BIOASSAY DETERMINATIONS

TABLES 4- 17
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4,3 ADDITIONAL ANALYTICAL RESULTS
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4.4 RESIDUAL CHLORINE DETERMINATIONS
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TABLE 46 CITY OF PRINCE GEORGE SEWAGE TREATMENT PLANT -
TOTAL RESIDUAL CHLORINE+- o

Date "~ Time  chlorine = Flow
' - ' . Residual - (cfs)

12/07/73 0800
0900
1000
1100
1200
1300
1400
1500
1600

WNHWWERRNEO
.. * . ] . . )

W WU~ N O ~J 0O
D—=NOONOIN

13/07/73 0800
. . 0900
1000 .
1100 |
1200 :

11300

1400

1500 -

1600 -

— = O
QOO N QOO W
. - L] [ . - L IR ) . * L) . . [ ] . .

NN OO —
o — 0o W

16/07/73. = 2400

' . 0100
0200

0300

- 0400

10500

0600

0700

0800

. L]
TNO—=NOAWOO PO—OO DY POOCORrO—IOY

WLOWRWOWNBWWY
NONWUIOW NI

NONAIOORRLEL WO NI~
L) [ ] . . . . Ll L) . . - L] . L] . . ]
MNP N NN WSO,
L] - L] . * . - . L

(continued) -
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OhwAOOO~N

17/07/73 . - 2400 -~ . 0.51 -5,
S 0100 . 0.65 4.
0200 1.27 3,

- 0300  1.58 2.

C0400 0 114 2.

- 0500 149 2

06000 . - 7 ..1.94 2.

\ 0700 . 2.92 2.

- 2.

0800 - ' - 2.65

+ Amperometric determinatidn of chlorine residuals. Samplfng _ff |
point etrend of mixing chamber which is approximately 200 yards
- from Fraser River. Time required for discharge to reach the o

: fFraser R1ver from the Samp]1ng po1nt is approx1mate1y 2 - 3

‘minutes. _

* Ch]or1nator'down'for repa1rs

Note: Of the 44 residual chlorine read1ngs taken 41 exceeded |
the Po]]ut1on Control Branch permit level of 1. 0. mg/]

Due torthe high'toxic effects'of residual chlorine Environment Caneda
recommendé the level of 0.02 mg/1 of residual chlorine as the requirement
for d1scharge to waters habitable by fish (Servizi and Martens P.R." 29,
~1974; Servizi and Martens 1975) ' ' ' : -



)

. 5. ~ SUMMARY OF RESULTS
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5. 1' v Resu]ts of the b1oassay determ1nat10ns show that the maJor1ty

) of the storm sewers were toxic to fish..

Some unusua]]y high meta] and 011 concentrat1ons were f-3.
reported in the storm. sewers; - Zn - 6. 50 ppm, Cr - 0.61 ppm, Cu -‘f }
0.38 ppm, 0ils - 40.0 ppm, 21.5 ppm, 20 0 ppm. -

Chem1ca1 and metal concentration and bioassay tox1c1ty data
indicate the possibility of 1ndustr1a1 wastes entering the storm sewers

5.2~ The Prince George Pr1mary Sewage Treatment Plant d1scharge was

found to be- tox1c and contained periodic high levels of metals and

chem1ca] contaminants: Cu - 0.41 ppm, 0.37 ppm; ZIn - 0.50 ppm,. 0.43

ppm, Cr. -.0.18 ppm, COD - 829.1 ppms; 0i1 - 387.9 ppm; CN - 70.4 ppm.*
During the four days that residual chlorine determinations were

performed -on the Prince George Sewage Treatment Plant discharge, '

, read1ngs as- high -as 8.98 ppm and 7.95 ppm were recorded. The accepted |
~Tevel according to the Pollution Control Branch permit is 1.0 mg/1

5.3 Results indicate that the treated sewage discharges from the

.pu]p mills are non-tox1c and contain low levels of those chem1ca1

contaminants measured during th1s study

6. OBSERVATIONS

1. -Future studies are needed to pinpoint the originvof
toxicity in individual storm sewers and sewage treatment p]ant

beff]uent

2. IWhen the Prince George Sewage Treétment P]ant's'operational
problems are solved, a residual chlorine mon1tor1ng program shou1d be

.undertaken

* Result rechecked and verified.
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