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ABSTRACT

Prior to this study only limited information was available
regarding the concentrations of heavy metals, chemical pollutants and
piscian toxicity of Kamloops stormwater. Bioassay results show that the
majority of the storm sewers tested were non-toxic to juvenile coho
salmonids (Oncorhynchus kisutch). Storm Sewers No. 8, 18 and 38 were
intermittently toxic. Metal and other toxic chemical concentrations of
Storm Sewer No. 8 were significantly higher than the others.

The results of this study will provide some of the information
required in the development of adequate standards and/or guidelines for
environmental controls applicable to municipal wastewater quality.
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1. INTRODUCTION

During 1971 and 1972 Environment Canada conducted a number of
specific wastewater characteristics of discharge from the Greater
Vancouver Sewage treatment plants and major sewers. The study was
undertaken to provide baseline data required to assist Environment
Canada in the development of reasonable and attainable standards or
guidelines with respect to domestic and municipal wastes.

To supplement the information collected in the Vancouver area,
a study on the Kamloops area was conducted during the last half of
1973. As with the Vancouver study, the Kamloops study is essentially
an extensive sampling and testing program to document existing character-
istics of local storm sewers. A total of eleven effluent quality parameters
- were measured including heavy metals BOD, COD, solids, pH, temperature
and toxicity.

2. STUDY AREA

During the time of this survey the City of Kamloops had a popula-
tion of approximately 55,000 people.

A total of 45 storm sewer outfalls were located. In the South
Kamloops area storm sewers service both industrial and residential areas;
in the North Kamloops area storm sewers service primarily residential
areas. As far as could be determined, stormwater discharges consisted
of yard drainage and street runoff. Information on connections to
storm sewers was not available at the time of the study. A1l stormwater
discharges are either to the Thompson or North Thompson Rivers.

It was not possible to sample all storm sewers because flows
ceased during dry weather.
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TABLE 1 Storm Sewer Sampling Stations
Sample Station Description*
2 Beside trailer court in Mission Flats Road.

Discharge is primarily from residential area.
Continuously flowing.

6 Same general location as Hasler's Ready Mix.
Discharge is primarily runoff from residential and possibly
includes industrial yard drainage.
Usually flowing.

8 Foot of MacKintosh Street.
Discharge primarily runoff from residential areas.
Occasionally flowing.

14 Foot of 8th Street at Thompson River.
Discharge is primarily runoff from residential areas.
Occasionally flowing.

16 Same general Tocation as the veterinary clinic.
Discharge primarily runoff from residential areas.
Occasionally flowing.

18 Foot of 13th Avenue beside water intake plant.
Discharge and runoff from both residential and commercial areas.
Continuously flowing.

23 West of new bridge.
Discharge primarily runoff from residential areas.
Continuously flowing.

29 Foot of Kenora Street.
Discharge is primarily runoff from residential area.
Occasionally flowing.

38 Foot of Sidney Street.
Discharge is runoff from residential and commercial areas.
Usually flowing.

45 Foot of Kingston Street.
Discharge is primarily runoff from residential areas and
includes some runoff from commercial areas.
Occasionally flowing.

Note: Due to variability in weather conditions which affected flows of storm
sewers, flow volumes were not estimated.

* Information from personal communication with City of Kamloops, Engineering
Department.



3. MATERIALS and METHODS

The 1973 preliminary effluent quality survey of the Kamloops
stormwater discharges was carried out during the period July 31 -
November 6.

3.1 Sample Stations

The designated study area included the monitoring of 10 storm
sewer outfalls. The locations of the sampling sites are illustrated
in Figure 1, and described in Table 1.

3.2 Sampling Program

Because of the variability of sewage, and stormwater characteristics,
irregular sampling 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 samples and were collected over a period of approxi-
mately 10 minutes.

In spite of the 1imitations inherent in such a brief sampling
program, the data does provide some measure of the concentrations of
contaminants and toxicity levels to be expected.

3.3 Notes on Analytical Methods

The following notes are added for clarification of methods
outlined in Standard Methods, 13th Edition.

3.3.1 Metals. Samples for metal analyses may be classified under four
distinct categories, namely dissolved, suspended, total and extractable
metals. The metal results reported in this study are dissolved and
extractable. Dissolved metals are known to be responsible for much of the
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toxicity of wastewater to fish (McKee & Wolf, 1963) while extractable
metals are more of a potential threat to the fishery resources and therefore

must be controlled very carefully.

For the measurement of the dissolved portion of metals, each
sample upon collection was acidified with nitric acid to pH 5. Since
proper equipment was not available for field filtration the sample was
filtered upon arrival in the Vancouver Laboratory and was further acidified
to pH 1.5 with concentrated nitric acid.

For the measurement of the extractable portion of metals,
each sample was acidified directly in the field with concentrated nitric
acid down to a pH of 1.5.

Method: The following table gives detailed information on the
laboratory procedure used for specific metals analysis. A1l metal analysis
were carried out with a Jarrell-Ash Model 82-800 atomic absorption
spectrophotometer.

TABLE 2: INSTRUMENT PARAMETERS

Metal Me thod Primary Band Back Ground Band Oxidant
Pass Correction Pass Fuel
Pb AA,APDC- 2170A 10A 2204 (Pb) 10A C2Ho/air
MIBK
In AA 2139A 10A Continuous 10A CoHp/air
Cd AA 2288A 10A Continuous 10A CoHp/air
Cu AA 3247A 10A - - CoHp/air
Cr AE 4254A 0.5A 4254A 0.5A - CoHo/N20
Ni AA 2320A 2A 2316A 2A CoHp/air




Results

The symbol N/A indicated that the specific metal was not detected. The
limits indicated below are not necessarily detection limits but are levels
which are meaningfully determined with direct aspiration and background
correction techniques. The limits are in micrograms/ml and apply to

fresh water samples only.

Cu - 0.01 Pb - 0.1 (extraction 0.02)
Cr - 0.02 Zn - 0.01
Cd - 0.01 Ni - 0.1

The following table gives some indication of how well a metal sample
can be preserved at various pH values.

TABLE 3: Concentration 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

pH 1.5 3.5 5.0 6.5 8.0 9.5 11.0 12.0
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 1.0 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
In 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

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

*Analyst, March, 1973, Vol. 98



all forms of phenols and only gives an indication of the amount of phenols
present in the sample.

Results: The result is reported in mg/1 of phenol or phenol
equivalents present in the sample.

Detection Limit: 0.015 mg/1 phenol (measured for phenol

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 Timit. N/D indicates that phenols were not detected.

3.3.3 Petroleum Ether Extractable Substances
Large quantities of petroleum ether extractables are found

in wastes from packing plants, slaughter houses, rendering plants,
refineries, cotton seed processing plants, textile mills, milk
processing plants and chemical works.

Petroleum 0il may be found in water wherever an agency is
engaged in production, transportation, oil loading points, refineries,
civic dumps, salvage dumps, garages and industries.

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

Results: Expressed as mg/litre petroleum ether extractable
oil.

Detection Limit: 5 mg/1.

3.3.4 Cyanide. Cyanide (CN) occurs in effluents from gas works
and coke ovens; from scrubbing of gases at seal plants; from metal
cleaning and electroplating processes; and from chemical industries.
If present in water, it is usually in the form of hydrogen cyanide
(HCN) at lower pH's.

Method: The sample containing concentrated sulfuric acid
and a catalyst is refluxed and distilled. The simple and complex
cyanides are converted into HCN gas, which is bubbled through a



sodium hydroxide (NaOH) solution. The resultant sodium cyanide is
chlorinated with chloramine T and reacted with a solution of pyridine-
pyrozolone 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
the vessel after evaporation of all water. All natural waters have some
residue left after evaporation and any effluent discharged into a
stream or lake will Tikely change this natural total residue content.
Total residue includes all inorganic salts, organic substances not
volatilized at 103°C, and suspended matter.

Method: 100 mls of sample are placed in a pre-weighed
evaporating dish and the sample is evaporated to dryness at 90°C. The
temperature is then increased to 103°C for 2 hours and the dish is
desiccated and weighed. The increase in weight is used to calculate
the total residue.

Results: Expressed in mg/litre.

Detection Limit: 2.5 mg/1 per 100 ml sample.

(b) Non-Filterable Residue (NFR)

NFR is that portion of the total residue retained by a specific
filter. The filter type and size must be specified. Non-filterable
residue is also called "suspended matter".

Method: Samples with high NFR values are filtered through
a pre-weighed buchner funnel, containing a CF/C paper. The funnel is
dried at 103°C and re-weighed. The increase in weight is used to calculate
the NFR value in mg/litre. Samples with Tow NFR values are run for total
residue and filterable residue. The difference is taken to be the NFR value.

Results:

Detection Limit: 2.5 mg/1 per 100 ml sample.




3.3.6 Residual Chlorine. Chlorine is not a normal constituent

of natural waters. Chlorine may be present in water as free available
chlorine in the form of hypochlorous acid and/or hypochlorite ion, or
as a chloramine. Chlorine is a bactericidal agent used in swimming
pools, disinfection of water and wastewater and is also used to
improve water quality.

Free available chlorine may also be found in industrial
processes employing bleaching, e.g. pulp mills.

Method: Amperometric titration method was used to
determine chlorine residuals. Chlorine is titrated in the presence
of potassium iodide in the pH range of 3.5 - 4.5. The proper pH
range was carefully maintained to eliminate interferences. The instrument
used was a Wallace & Tiernan Amperometric Titrator Series A - 790013.

Results: Expressed as mg/litre Cl.

Detection Limit: 0.02 mg/1.

3.3.7 Bioassay. The bioassay test employed by E.P.S. gives an
approximate value of the biological toxicity of an effluent to salmonids.
Bioassays are useful in determining the harmful effects of pesticides,
cleaning agents, oil dispersants, effluents, or any deleterious substance.

Bioassay results are not absolute values. The results should
be viewed as guides only and are subject to water temperature, test
concentration, the species of fish, size, age and condition of fish,
as well as other parameters at the time of testing.

Method: The Biocassays at the Environment Canada Laboratory
in West Vancouver are performed in twenty-two litre glass 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 period.

In the bioassay lab two different tests are commonly performed
-96 hr LCgp's and 96 hr LTgg's.

96 hour LCgg - This term refers to Median Lethal Concentration
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or that level of 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 percentile is meant to represent the average organism.

The LCgg 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 LC50, TlLgg and Tl give the same numerical value, and can be

used interchangeably.

96 hour LTgy - This term refers to Median Lethal Time or the
time to death of the 50 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 LTgg consists of a single concentration on which frequent
observations of mortalities are made. A semi-log plot of the percent
mortalities determines the time to death of the 50th percentile organism.

For the foregoing tests, fish loading density is important and
it should be noted that for high fish loading densities (i.e. greater
than 0.5 - 1.0 gm/1) the toxicity of the sample may have been under-
estimated. No fewer than 5 fish were used per concentration with 10-20
being desirable to achieve a statistically valid result. The fish stock
is acclimated to the test temperature and dilution water at Teast 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, chlorides, hydrogen sulfide
etc.

Results: Reported at 96 hr TL (used interchangeably with
96 hour LCg50), threshold, and/or 96 hr LTgg. For example: TLm96 -
32% (also 96 hr LCso = 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 containing 10% effluent, no test fish would die over the exposure
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period of 96 hours.

In a concentration of 32% effluent a 96 hr LT50 = 60 hrs
means that at the specified concentration (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 - 13



-13-

ay3 (L/wb 0°L - G'0 ueyyl ua3eaub
‘sdoojwey 404 uoLyels burbneb wouy uayel sburpeay

*pajewL]sa-4apun uaaq saey Aew s|dwes ayl 40 A3LoLX03

:*9°L) saLitsuap butpeo| ysty ubty 404 pajou aq prnoys 31«
*301AJ3S JUBWUOALAUT DLldsydsowqy woaj ejeq ¢

*uoLyn|os Aesseoiq JO 343l 49d ysi4 40 swedg |

0 ooL x[9°¢ JLX03-UoN 05°8 66°8 0p9l gL/ol/e
0 0°0L #(9°¢ J1X03-UoN 08 05°8 Gv60 €L/0L/E
0 gL/oL/e
0 G LL x6t° L JLX03-UON 05°8 05°8 0€L0 €L/8/¢
0 €L/L/€
0 0oL #6P° L JLX03-UON 6q°8 05°8 Shlil £L/8/1
0 €L/L/1E
(30) MWMmmWD leuty  [ei3Lul

(ut) *dwal Lpu1peoq
N.awumLa Aesseolrg yst4 A3Lo1x0] swt | a1¢eQ
¢ "ON Y3IM3IS WYOLS - SNOILVNIWY313d AvSSYOId v 379vl



-14-

*pIjewL}sa-Jaapun uaaq aAey Aew sldwes ayj jo A3Lo1x03
ay3 (L/wb 'L - "0 ueyl us3eaub :-3°L) sarjLsuap butpeoy ysty ybLy 404 pajou aq pLnoys 31 «

sdoojwey 404 uorjels buibneb wouy usyel sburpesy -9ILAUDS FUBWUOALAUT O(4dydsouy wods eieq gz
"uot3njos AesseoLq 40 ad3L| 43d ysi4 Jo swedy |

oed] 0°0L x12°¢ J1X03-UON €8 0¢°8 0€02 €L/1LL/S

oeU] 0°0L xl2°¢ J1X03-UON LE°8 €2°8 1A gL/11L/s

aoed] eL/LL/Y
0 0°0L *[9°2 J1X03-UON 0€°8 G2'8 0€0lL €L/01/2

¥0°0 £L/01/1
0 G 1L 601 J1X03-UON 6€°8  6£°8 Gv60 €L/8/¢
0 €L/8/2
0 0°0L x6t°1L J1X03-UON 0e'8 G¢'8 0eclL €L/8/1
0 EL/L/IE

(90) MWHMMWD leuts  [eL3Lul

(ut) *dws] —mcwanJ

N.a_umgm KesseolLg yst4 A1101X0] Hd auiL | ajeq

9 "ON Y¥Y3IMIS WIOLS - SNOILYNIWY3ILIG AYSSYOId S 318Vl



~-15-

ay3 (L/wb 0°L - G'0 ueyy Jajeaud
*sdoowey 404 uoLrjels bBuibneb wou) usaye3 sburpeay

*pa3eWL]Sa-A9puUn uaaq aney Aew a(dwes ayj 40 A2LI1X07

:*9°L) S3L3Lsusp builpeo| ysis ybLy 404 pajou 3q pLnoys 31
"3D1LAUS JUSWUOULAUT OLddydsowqy wouy ejeq 2

‘uoLan|os AesseoLq 40 a43t] 43d yYsij JO swedy |

MOLJ ON €L/LL/9
MOl ON eL/LL/S
MOL4 ON €L/oL/s
MOL4 ON eL/oL/¢
MOLl34 ON €L/0L/2
Ay pg ul %ee
0 G 11 »6t° L 3e "juow %02 Y97 L 2¢8°L G260 €L/8/¢
0 €1/8/2
0 0oL x6b' L J1X03-UON 0€°L 06°8 0otlL €L/8/1
0 €L/L/1g
(3) M%“wmwo leuty  LBL3LUI

(ut) ~dwa] —m:wvmoq
N.awum;m Aesseolg ystd A3LoLX01 Hd au | a3e(
8 "ON Y¥3IMIS WJOLS - SNOILVNIWY3IL3A AWSSYOId 9 3149vl



-16-

ayy (L/wb Q| - G'0 ueyy u4a3eaub
*sdoojwey 404 uoije3s burbneb wouay uayey sbuipeay

‘pajewL}sa-4apun usaq aaey Aew ajduwes ay3 jo £3101x03

t'9°L) saLyLsuap buipeol ysi4 ybLy 4oj pajou aq pLnoys 31
"93LAUBS JUBWUOULAUT OLddydsouly wody eieq 2

"uoLIN|0s AesSeOLq JO du3l| J43d yYsiL} 4O swedy |

¢0'0 0°0L xLZ’2 JLX03-UON 89°L ov°L 1% 21 €L/11/9
9Jed] €L/1L/s
ded] 0°0l «l¢'¢ J£X03-UoN lv°£ 98° L GGG1L €L/1L/S
ooRd] EL/LL/Y
MOL4 ON €L/01/2
0 ST LL x6b°1 JLX03-UON LeL Lel 0080 £L/8/¢
0 €L/8/2
0 0°¢l x6V L JLX03-uoN L1 L L L 0280 €L/8/2
0 €L/8/1
(92) M%“meo leuti  leL3Lul

(ut) dwa) chwnmoJ

N.awumLa Aesseolg yst4 A3Lo1x0] Hd auwLj 93eQ

vl

"ON ¥3IMIS WHOLS - SNOILVNIWYIL3IQ AYSSYO0I

{ 378yl



-17-

ay3 (L/wb 0"l - G'0 ueyl 4ajesub
*sdoowey 404 uoLrye3s burbneb wouay uajel sbuipeay

*pajewL1Sa~-4apun ua3q oAaey Aeuw ajdwes ay3l 40 A3LOLX03

:*9°1) satyLsuap buipeo| ysis ybiry 40y pajou 3G pLnoys 1«
*331A43S JUBWUOALAUT JlJaydsowqy wouy ejeq 2

‘uoL3njos AesseoLq 40 adqL]| 43d ysi4 Jo suwedy |

MOLJ ON eL/LL/9
MOl4 ON €L/01/5
MOLJ ON gL/oL/e
MOl ON €L/01/2
0 g Ll x6¥° L J1X03-UoN 3 AA 6v°L 0¥80 €L/8/¢
0 0°¢l x67° L JLX03~UON 8y L 8Y°L 6260 €L/8/2
0 £L/8/1
(20) M%“mwwo [eut4  [BLILU]I

(ut) *dws] _m:wnmoq
N.awumLm Kesseolq ystd A3Lo1x0] Hd awl | aje(Q
9L "ON Y3IM3IS WJOLS - SNOILVYNIWY3ILIQ AVSSYOId 8 31avl



-18-

ayq (t/wb 0| - g'0 ueyy u33eaub
*sdoojwey 404 uoijels burbneb wodj uayez sbuipeay

"P93RWL}SD-43pUN UI3q aAey Aew ajdures syj jo A3LoLx03

:'9°L) saL3Lsudp buipeol ysty uybLy 403 pajou ag pinoys 31
“3JLAJDS JUBWUOJLAUT Oruaydsouny wouy ejeq 3

"uot3in|os Aesseolq j0 a43L] J4ad ysiLj Jo swedy |

"4y 2 ulb zee

aded] 00l xl2'¢ 3e "jJ0u %0¢ Le°L Ly°8 00Le €L/LL/S
dded] EL/LL/Y
0 0°oL x[97¢ J1X03-UON 02°L 00°8 Gl9l eL/oL/e
0 0°oL x[9°2 - J1X03-uoN 0¢°L 0§°L G160 €L/0L/E
0 070l x[9°2 JLX03 -uoN 00°6 0L°6 octLtL €L/01/2
t¥0°0 eL/oL/1
0 G 1L x6t°1 JLX03-UON ¥€°8 €8 0060 €L/8/¢
0 €L/L/1E
(22) »wmﬁmwo leuts  [eL3LU]

(ut) *dwsy chwanA
N.a_uwga Kesseolg yst4 K3Lo1x0] Hd awLj 9leq
8L "ON ¥3M3IS WHOLS - SNOILYNIWY3LIQA AYSSYOId 6 379Vl



*pajewl}sa-J4apun uaaq aAey Aew ajdwes ayz jo A3LdLx03
9y} (L/wb Q°| - G°0 ueyy 4d3edub :-a-L) satjisusp burpeo| ysti ybiy 4oy pajou 3q pLnoys 11

*sdoojwey 404 uotrjels Burbneb wouay usyel sbuLpeay - IILAUIS JUBWUOULAUTF OLuadydsowly wodj eieq 2Z
*uoLinios Aesseorq 40 a43L| 43d ysL} JO swedy |

-19-

0 0oL - xl97¢ J1X03-UON 0¢°L oL"L 00L1 €L/0L/¢e
0 0°0L x[9°2 J1X03-uoN G0°L 00°L OoLLL gL/ol/e
0 00t x[9°¢ OLX03-UoN 0L 00°¢ ogct €L/01/2
¥0°0 gL/0L/1
0 0°¢lL x6y° 1 J1X03}-UON R4 le°L Geol €L/8/2
0 €L/L/1E
(90) M%“meo leut4  |eL}Lul

(ut) *dway _mc*nwoq

*d1oadd KesseolLg yst4 £31o1x0]1 Hd sl | a1e(Q

€2 "ON d3M3IS WYOLS - SNOILVNIWY3L3Q AVSSYOIg 0L 378vl



*pajewl}sa-49pun usaq aAey Aew sjdwes ayz jo A3LOLX03
ay3 (L/wb 0| - G0 ueyz 4d3eaub :-a°L) sarjtsusp buipeo| ysi} ybLy 4oy pajou aq prnoys 31«

*sdoojwey 40j uorjels burbneb wody usyez sbuipesy 9ILAUBS JUBWUOULAUT DLlJdydsouly wody el 2
"uoranjos Aesseoilq JO 943L| J4ad ysi4 40 swedny |

-20-

MO 14 ON eL/L1/9
MOL4 ON €L/1L/S
MOL4 ON gL/oL/¢
MOL4 ON €L/01/2
0 0°¢L x6v°1 J1X03-UON 62" L 62°L SOLL €L/8/2
0 £L/8/1
(3.) _mwwwmwa leuty  Lei3Lul
(ut) *dwaj burpeoq
*d 12944 Aesseotg yst4 A3L01Xx0] Hd awLl a3

6¢ "ON Y¥3M3IS WYOLS - SNOILVNIWY3L3Q ,AVSSYOIg Lt 319Vl



-21-

3y} (L/wb Q'L - G 0 ueyz J493edub
*sdoojwey 40} uor3els burbneb wouj uayey sbuipeay

‘p9jewL}sa-4apun uaaq aAey Aew 3dwes syl Jo A311L21%03

:°9°1) salLjtsuap buipeo| ysijy ybLy 40y pajou aq pLnoys I
*3JLAUBS JUAWUOULAUT JlJadydsouy wouy eieq ¢

*uoL3n{os Aesseotq 40 3a43i{ 48d yst} 4O sweudy |

MOL4 ON €L/11/9
MOL4 ON €L/LL/S
MOLS ON eL/01/¢
0 0°0L £09°2 269=0997 oL’ oL 021 £L/01/2
$0°0 €L/01/1
0 G L1 60" L %6/=0977 [6°9  8l'L o€l £1/8/2
0 £1/8/1
(30) MWNMWWD leuty  [eL3LU]

(ut) dws) _mcwnmoq

*dLoadgd Kesseotg yst4 A31o01X0] Hd auL | a1e(

8¢ "ON 43IMIS WYOLS - SNOILYNIWYILIQ AVSSVOI4

¢l 318vlL



-22-

ay3 (L/wb g'L - g0 ueyyz 4aj3eaub
*sdoo jwey 404 uotye3s burbneb wouay usyel sbuipeay

*Pa3RWLISD-U3-UN UdIQ dAeY Aew 3|dwes syl Jo K1LILX03

:'9°1) saL3tsusp burpeo| ysty ybLy 403 psjou ag pLnoys 3]
"9ILAUBS JUBWUOJLAUT OLJaydsowqy wouj ejeq 2

‘uotinios AesseoLq J0 a43l| 43d ysi4 JO sweuy |

MOL4 ON €L/1L/9
MOlJ ON €L/LL/S
MOLJ ON gL/ot/e
MO} ON £L/0L/2
0 02l x61°1 JLX03-UoN 08°L 06°¢L 0sll €L/8/2
0 €L/8/1
(9) m%“mmwo leutd  LeLILU]
(ut) ‘dwsj] ch_vMOJ
N.awumLa Kesseolq ystL4 A31o1x0] Hd suL] 21%eQ
Gy "ON Y¥3IM3IS WHOLS - SNOILVNIWY3LIQ AVSSVYOIE €L 318Vl



4.2 HEAVY METAL ANALYSIS
TABLES 14 - 23
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4,3  ADDITIONAL ANALYTICAL RESULTS
TABLES 24 - 33
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5. Summary of Results

Results of the bioassay determinations indicate that several of
the storm sewer discharges were periodically toxic to fish. However, concrete
conclusions cannot be reached due to the few numbers of bioassay samples
collected due to time and flow restrictions.

Several of the storm sewer discharges showed signs of containing
high chemical and metal contaminants. Particularly storm sewer #18; 0Oils -
153 ppm; COD - 1000 ppm; Cr - 5.0 ppm; Pb - 6.0 ppm.

6. Observations

Future extensive studies with more emphasis on makeup of each
storm sewer flow are needed to get a more accurate understanding for the
toxicity and high chemical and metal contaminants of some of the storm
sewers.



7. ACKNOWLEDGEMENTS

I wish to thank the engineering staff of the City of Kamloops
for their generous assistance. Special appreciation is also due to Mr. L.
Nemeth who assisted the author in compiling this report, and to Mr. R. Cook
for his field assistance.



	Table of Contents

